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Purpose: The aim of the current systematic review and meta-analysis is to
provide an answer on which is the most appropriate approach for the manage-
ment of the lower pole stones with a maximal dimension of 2 cm or less.

Materials and Methods: A systematic review was conducted on PubMed�,
SCOPUS�, Cochrane and EMBASE�. The PRISMA guidelines and the recom-
mendations of the EAU Guidelines office were followed. Retrograde intrarenal
surgery, shock wave lithotripsy and percutaneous nephrolithotomy were
considered for comparison. The primary end point was the stone-free rate.

Results: A total of 15 randomized controlled trials were eligible. Percutaneous
nephrolithotripsy and retrograde intrarenal surgery have higher stone-free rates
in comparison to shock wave lithotripsy and require fewer re-treatment sessions.
Operative time and complications seem to favor shock wave lithotripsy in compar-
ison to percutaneous nephrolithotripsy, but this takes place at the expense of mul-
tiple shock wave lithotripsy sessions. Retrograde intrarenal surgery seems to be the
most efficient approach for the management of stones up to 1 cm in the lower pole.

Conclusions: The pooled analysis of the eligible studies showed that the man-
agement of lower pole stones should probably be percutaneous nephrolithotripsy
or retrograde intrarenal surgery to achieve stone-free status over a short period
and minimal number of sessions. For stones smaller than 10 mm, retrograde
intrarenal surgery is more efficient in comparison to shock wave lithotripsy. The
decision between the 2 approaches (percutaneous nephrolithotripsy or retro-
grade intrarenal surgery) should be individual, based on the anatomical pa-
rameters, the comorbidity and the preferences of each patient.
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LOWER pole stones are defined as
stones located in the inferior pole
calyx of the kidney. Their manage-
ment usually requires some kind of
active treatment since these stones
are less likely to pass spontaneously.1

The optimal treatment of LPS repre-
sents a point of debate among urolo-
gists. A variety of factors such as the
anatomy of the pelvicalyceal system,
patient body habitus and patient
preference may influence the selection
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of the treatment method.2e5 The EAU Guidelines
propose retrograde intrarenal surgery, shock wave
lithotripsy and percutaneous nephrolithotomy for the
management of LPS between 1 and 2 cm. Nonethe-
less, SWL is not considered as the treatment of choice
for LPS due to its low efficacy when unfavorable fac-
tors such as steep infundibular pelvic angle and long
infundibular length are present.6 Both PCNL and
RIRS have been reported to be effective in the man-
agement of the these LPS with advantages and dis-
advantages associated with both approaches.3e8

The aim of the current systematic review and
meta-analysis is to provide an answer on which is
the most appropriate approach for the management
of LPS with a maximal dimension of 2 cm or less.

MATERIALS AND METHODS

Search Strategy, Eligibility Criteria and End Points
A systematic review was conducted on PubMed�,
SCOPUS�, Cochrane and EMBASE� in January 2018. The
PRISMA guidelines and the recommendations of the EAU
Guidelines office were followed.9,10 The study was registered
in the PROSPERO database (CRD42018086552). The search
strategy and eligibility criteria for the meta-analysis are
shown in supplementary table 1. Randomized controlled
trials comparing SWL, RIRS and PCNL were considered.
We chose to include randomized controlled trials from 2001
to 2018. We excluded all the studies that took place before
2001 because we wanted to compare the different ap-
proaches according to the newest technologies. The primary
end point was the stone-free rate. A subgroup analysis based
on the size of the stones that were treated was considered.

Data Extraction
Two authors (CA, PN) independently screened the studies
and extracted relevant data on study characteristics and
outcomes using standardized pro forma data sheets. Dis-
crepancies were solved by a senior author (PK). Missing
data were requested by email from the corresponding
authors.

Statistical Analysis
The extracted data were pooled to conduct the meta-
analysis. Outcomes for dichotomous/categorical vari-
ables were expressed as OR with 95% CI. The combina-
tion of these results was performed with the Mantel-
Haenszel method. For continuous variables, weighted
mean difference with 95% CI were combined using the
inverse variance method to calculate the pooled re-
sults.11 The random effects model was applied for the
meta-analysis and forest plots diagrams were pre-
pared.12 Review Manager Version 5.3.5 was used
(Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). Variations among the
studies were evaluated with the use of the chi2 statistical
method. The proportion of inconsistency between studies
that could not be attributed to chance was measured by
the calculation of the I2 index. Significant heterogeneity
was defined to be 50% or greater.13 Statistical reporting
followed the recently proposed guidelines.14

Risk of Bias Assessment
The risk of bias and quality of the included studies was
assessed with the Cochrane Collaboration’s tool for
assessing risk of bias and the GRADE Guidelines,
respectively.15,16

RESULTS

Selection of Studies

A total of 6,689 publications were screened and 15
randomized controlled trials published between
2001 and August 2018 were eligible. Supplementary
figure 1, A (https://www.jurology.com) shows the
selection process of the studies.

Studies Characteristics

Study design and characteristics are described in
supplementary tables 2 to 4.17e31 The studies
included patients with LPS with a size up to 2 cm in
maximal diameter which were managed by SWL,
RIRS or PCNL. Two corresponding authors
responded to our queries to provide additional
information.18,24

Primary End Point

The primary endpoint was stone-free rate, and 15
studies provided data on SFR up to 3 months.17e31

Pooled analysis of 4 studies showed that SFR was
similar for PCNL in comparison to RIRS with OR
0.67 (95% CI 0.42e1.09) (I2[0%, p[0.11) (supple-
mentary fig. 2, A; https://www.jurology.com).18,19,21,25

Pooling the data from 5 and 8 studies revealed that
PCNL17,18,23,30,31 and RIRS18,20,22,24,26e29 were
related to higher SFR in comparison to SWL with OR
6.7 (95% CI 4.35e10.31) (I2[56%, p <0.00001) and
OR 2.85 (95% CI 2.06e3.95) (I2[46%, p <0.00001),
respectively (supplementary fig. 2, B and C; https://
www.jurology.com).

Secondary End Points

Operative time. Pooled data from 3 studies each
showed that the operative time was shorter for SWL
in comparison to PCNL18,23,30 and RIRS18,22,24 with
a mean difference of �37.17 minutes (95% CI
�39.03d�35.31) (I2[99%, p <0.00001) and �7.61
minutes (95% CI �8.17d�7.06) (I2[100%, p
<0.00001), respectively (supplementary fig. 2, D
and E; https://www.jurology.com). After pooling the
data from 4 studies,18,19,21,25 the operative time was
shorter for RIRS when compared with PCNL with a
mean difference of 7.46 min (95% CI 5.17e9.74)
(I2[99%, p <0.00001, supplementary fig. 2, F;
https://www.jurology.com).

Hospitalization time. Five studies provided data on
hospitalization.18,19,23,25,30 The hospitalization time
was shorter in the case of RIRS in comparison to
PCNL with a mean difference of 0.78 days (95% CI
0.66e0.90) (I2[99%, p <0.00001) (supplementary
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fig. 2, G; https://www.jurology.com).18,19,25 SWL
required shorter hospitalization in comparison to
PCNL with a mean difference of �1.88 days (95% CI
�1.96e�1.80) (I2[100%,p <0.00001) (supplemen-
tary fig. 2, H; https://www.jurology.com).18,30 Suffi-
cient data on the comparison of hospitalization
between RIRS and SWL were provided by only 1
study with a significantly higher hospital stay for
RIRS (p[0.01).18

Complications. When the overall complication rates
were considered, the pooling of data from 3 studies
showed that PCNL had a similar rate in comparison
to RIRS with OR 1.41 (95% CI 0.87e2.29) (p[0.16,
I2[0%) (supplementary fig. 3, A; https://www.
jurology.com).18,19,25 Data from 7 studies revealed
no difference in the complication rate of RIRS and
SWL (OR 0.77, 95% CI 0.52e1.13) (p[0.09,
I2[40%) (supplementary fig. 3, B; https://www.
jurology.com).8,22,24,27e29 On the contrary, data
from 3 studies comparing PCNL to SWL showed
the complication rate is lower for SWL with OR
0.40 (95% CI 0.24e0.65) (p[0.0002, I2[5%)
(supplementary fig. 3, C; https://www.jurology.
com).18,23,30 Supplementary table 3 shows the
complications that were observed in each of the
included studies. The overall complication rates for
the PCNL, RIRS and SWL groups ranged between
8.3% and 25%, 1.3% to 31.4% and 0% to 48.5%,
respectively.

Re-treatment events. Only 1 study provided adequate
data on the comparison of PCNL to RIRS regarding
re-treatment procedures to render the patient stone-
free.18 The study showed similar rates of re-treatment
among the 2 approaches. PCNL had a lower number
of secondary procedures when compared to SWL after
pooling data from 3 studies (OR 50.67, 95% CI
22.55e113.84) (I2[0%, p <0.0001) (supplementary
fig. 3, D; https://www.jurology.com).18,23,30 Similarly,
the pooled data from 4 studies showed that SWL had
significantly higher odds of secondary procedures in
comparison to RIRS (OR 18.74, 95% CI 11.89e29.55)
(I2[66%, p <0.00001) (supplementary fig. 3, E;
https://www.jurology.com).18,22,28,29

AUXILIARY PROCEDURES

Subgroup Analysis

Stone size up to 10 mm. None of the eligible studies
reported on the treatment by PCNL of LPS with size
up to 10 mm. The pooling of SFRs up to 3 months from
4 studies showed a higher rate for RIRS in comparison
to SWL with OR 1.74 (95% CI 0.94e3.21) (I2[4%,
p[0.08) (supplementary fig. 3, F; https://www.
jurology.com).22,24,27,28 Data from 2 studies revealed
that the operative time was shorter for SWL in com-
parison to RIRS for �10.76 minutes (95% CI

�11.34d�10.18) (I2[94%, p <0.00001) (supplemen-
tary fig. 3,G; https://www.jurology.com).22,24 Data were
insufficient for pooling to evaluate the hospitalization
time differences among the approaches.18 Data from 4
studies showed that the overall complication rates
were similar among the approaches with OR 0.74 (95%
CI 0.36e1.52) (I2[0%, p[0.42) (supplementary fig. 3,
H; https://www.jurology.com).22,24,27,28 Re-treatment
events were more for SWL in comparison to RIRS
(OR 8.46, 95% CI 3.59e19.94) (I2[3%, p <0.00001)
(2 studies) (supplementary fig. 3, I; https://www.
jurology.com).22,28

Stone size 10 to 20 mm. Pooled data from 4 studies
showed higher SFR for PCNL in comparison to
SWL with OR 5.85 (95% CI 3.73e9.18) (I2[59%,
p <0.00001) (supplementary fig. 4, A; https://www.
jurology.com).17,18,23,30 Similarly, 3 studies revealed
higher SFRs for RIRS in comparison to SWL (OR
2.96, 95% CI 1.98e4.42) (I2[0%, p <0.00001) (sup-
plementary fig. 4, B; https://www.jurology.com).18,22,29

Only 1 study provided data on the comparison of
SFRs between PCNL and RIRS and did not show any
statistical significance (p[0.92).18 Pooled data from
218,30 and 318,23,30 studies showed that operative time
was shorter for SWL in comparison to PCNL with
a mean difference of �37.17 min (95% CI
�39.03d�35.31) (I2[99%, p <0.00001) (supplemen-
tary fig. 4, C; https://www.jurology.com) and RIRS
with a mean difference of 6.83 min (95% CI
6.15e7.52) (I2[100%, p <0.00001) (supplementary
fig. 4, D; https://www.jurology.com), respectively.
Pooled data analysis was not possible for the operative
time of PCNL in comparison to RIRS since only 1
study provided information and did not report any
significant difference (p[0.082).18 Data from 2
studies showed that the hospitalization was shorter
for SWL in comparison to PCNL with a mean differ-
ence of �1.88 days (95% CI �1.96d�1.80) (I2[100%,
p <0.00001) (supplementary fig. 4, E; https://www.
jurology.com).18,30 Only 1 study provided data on
the comparisons of hospitalization time of PCNL
with RIRS and RIRS with SWL revealing a sig-
nificant shorter hospital stay for PCNL (p[0.039)
and SWL (p[0.001), respectively.18 The same
study was the only one providing information on
the overall complication rates of PCNL in com-
parison to RIRS. The complication rates for Clav-
ien grades I-II and II-IV were similar among the 2
approaches (p[0.52, p[0.089).18 Pooled data from
3 studies revealed a similar complication rate for
SWL and RIRS (OR 0.71, 95% CI 0.44e1.17)
(I2[71%, p[0.18) (supplementary fig. 4, F;
https://www.jurology.com),18,22,29 while data from
3 studies showed a higher complication rate for
PCNL in comparison to SWL (OR 0.40, 95% CI
0.24e0.65) (I2[5%, p[0.0002) (supplementary

TREATMENT APPROACH FOR LOWER POLE STONES 429

Copyright © 2020 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.

https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000001013
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/
https://www.jurology.com/


fig. 4, G; https://www.jurology.com).18,23,30 One
study included data on the comparison of PCNL
to RIRS on the need for additional procedures for
stone clearance.18 After pooling the data from 3
studies, PCNL was related to less need for re-
treatment in comparison to SWL with OR 50.67
(95% CI 22.55e113.84) (I2[0%, p <0.00001)
(supplementary fig. 4, H; https://www.jurology.
com).18,23,30 Data from 3 studies showed that RIRS
was associated with a lower need for re-treatment
in comparison to SWL with OR 31.67 (95% CI
17.73e56.56) (I2[0%, p <0.00001) (supplementary
fig. 4, I; https://www.jurology.com).18,22,29

Risk of Bias Assessment

Selection bias. Ten studies reported the method
used for random sequence generation.18e22,24,27,28,30

In 5 studies this was not specified.17,23,25,26,31 Nine
studies used methods which related to low bias in
the case of allocation concealment.18e22,24,27,28

One study was related to high risk of selection
bias.23

Performance bias. Blinding was not possible either for
patients or surgeons in studies including a PCNL
group. Only 1 study clearly reported the lack of
blinding.18

Detection bias. Six studies stated that the followup
results were reviewed by physicians blinded for the
treatment.18e21,24,31 The remaining studies did not
clarify the presence of blinding.

Attrition bias. Details on the drop-out rate or
patients lost to followup were reported in 9
studies.17e22,24,26,29

Reporting bias. Detailed outcome data by primary
and secondary end points set up for this review were
obtained by 13 studies.17e22,24,26e31 In the remain-
ing studies relevant data were missing despite
adequate followup time.

Other bias. Three studies were affected by observation
bias as the evaluation method for stone-free rates
was not reported.23,25,30 Four studies evaluated
stone-free status with only plain x-ray of the kidney,
ureter and bladder.22,26e28 Albala et al followed the
patients with nephrotomogram.17 The combination of
plain x-ray of the kidney, ureter and bladder
and ultrasonography was performed in 2 studies.20,29

The remaining studies (sample size 5) used
computerized tomography for the evaluation of
the SFR.18,19,21,24,31 It should be noted that
intraoperative evaluation of stone clearance is
stated by Albala et al who used nephrotomogram
for the evaluation of the postoperative outcome17

and Soliman et al who did not mention the
imaging approach for postoperative evaluation.30

The risk of bias assessment is summarized in

supplementary figure 1, B and C (https://www.
jurology.com).

Study Quality according to GRADE

The quality assessment according to GRADE is
presented in detail in supplementary table 5. For
the primary end point of SFR up to 3 months, the
studies comparing PCNL to RIRS (5), PCNL to SWL
(6) and SWL to RIRS (8) had a moderate, high and
moderate quality, respectively.

DISCUSSION
A previous well conducted meta-analysis on the
same topic provided pooled analysis of SFRs of
SWL, RIRS and PCNL.1 Recent high quality
studies enriched the available evidence18e23,28,30

and set the background for a contemporary meta-
analysis which currently elucidates different as-
pects of the efficacy of the above techniques in
treating LPS.

The current study showed that PCNL and RIRS
had higher SFRs in comparison to SWL. PCNL and
RIRS did not have a significant difference in terms of
SFRs at the same time period (p[0.11), despite
higher SFRs for PCNL in 3 out of 4 studies (supple-
mentary fig. 2, A; https://www.jurology.com). The
SFR results should be interpreted with care. Twelve
of the studies provided a clear definition of
SFR.17e22,24,26e28,30,32 Specifically, the followup
period was 3 months in 8 studies (supplementary
table 3). This followup period could include the per-
formance of additional sessions of each procedure to
achieve stone-free status. These events were depicted
in the re-treatment rates. It was the intention of the
authors to present the SFRs of the procedures after
the first procedure. Unfortunately, the comparative
data of the SFRs after the first session were not
adequate for statistical pooling and comparison of
the results among the different approaches.25,27,30

Moreover, patients with favorable anatomical
criteria in the case of the retrograde approach and
SWL were selected and included in some of the
studies.17,18,27 Cases with steep infundibular-pelvic
angle (less than 30 degrees), longer calyx (more
than 10 mm) and narrow infundibulum (less than 5
mm) as demonstrated by contrast enhanced
computerized tomography were also excluded from
the study of Bozzini et al based on the available ev-
idence of the impact of anatomy to the outcome of
SWL.6,18,33 This large study provided comparative
data on all 3 approaches but the results were based
on selected cases that could allow SWL and RIRS to
provide optimal outcomes.18 The unfavorable lower
calyceal anatomy was an exclusion criterion in the
study by Albala et al.17 Sener et al excluded patients
with steep infundibular-pelvic angle in their 2
studies.27,28 Similarly, Naguib et al included only
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favorable calyceal anatomy cases for SWL.23 The
selection of cases with favorable anatomy may have
influenced the outcomes presented for SWL and
RIRS. When SWL is compared to RIRS, the use of
the above exclusion criteria for both treatment mo-
dalities probably did not influence the presented
comparative results.17,27,28 Nonetheless, Naguib et al
used this criterion only for the SWL group and
probably introduced a bias to the study.23 As a result,
the study was rendered as high risk for selection bias
(supplementary table 5). Considering the above de-
tails in the design of the included studies, it could be
advocated that a possible advantage of PCNL for
managing LPS 2 cm or less without being influenced
by the calyceal anatomy was probably blunted due to
the selection bias, and the real-world efficacy of PCNL
to treat the LPS was not appropriately appraised by
the current literature and meta-analysis.

Re-treatment rates as described in the current
analysis represent any procedure that was per-
formed to render the patient stone-free after the
first session. This procedure could include any
endoscopic procedure or SWL. The selected
approach for complete stone removal is depicted by
the auxiliary procedure in supplementary table 3).
SWL seemed to be more commonly used for the
treatment of residual lithiasis after the performance
of PCNL or RIRS. After SWL, additional SWL ses-
sions were commonly scheduled with PCNL and
RIRS also being common secondary approaches.
The only study providing re-treatment rates to
achieve stone-free status for the patients showed
rates similar for PCNL and RIRS with the results
tending to favor PCNL. Re-treatment rates were
significantly higher for SWL in comparison to PCNL
and RIRS. These results practically reflect the
complicated anatomical relations of the lower caly-
ceal group and the need for multiple SWL sessions
to achieve stone-free status.33e35

The pooled analysis showed that the operative
time was longer in the case of PCNL in comparison
to RIRS (supplementary fig. 2, F; https://www.
jurology.com). SWL needed less operative time in
comparison to PCNL and RIRS but the mean dif-
ference of 7 min between SWL and RIRS probably
does not reflect any clinical significance (supple-
mentary fig. 2, D and E; https://www.jurology.com).
The included studies originated from centers with
experience in endoscopy and SWL, so surgeon
experience may not influence the operative time.
Nonetheless, there are differences regarding the
size of the nephroscopes and access sheaths which
may have influenced the operative time of PCNL
(supplementary table 6). The instruments for PCNL
have undergone miniaturization while the flexible
ureteroscopes have greatly improved in terms of
visual clarity and flexibility over the years.36,37

Moreover, the efficacy of laser lithotripters have
improved.38 Unfortunately, the impact to the oper-
ative time of the technical discrepancies is not
possible to assess in a meta-analysis.

The results of the pooled analysis revealed that
the hospitalization times were longer for PCNL in
comparison to SWL and RIRS. The reduced hospi-
talization times for SWL were expected but it should
be counterbalanced for 2 or 3 issues such as the re-
treatment rate, urgent readmissions and cost
effectiveness. The discrepancies in hospitalization
time may also be related to the health system of the
country where the study is conducted. For example,
patients could be admitted the day before surgery
for endoscopy procedures while patients could be
treated as day surgery cases in the case of RIRS.
This information was lacking in the included
studies and specific comments could not be
amended.

The complication rates in the pooled analysis
favored SWL in comparison to PCNL and RIRS
while PCNL had a higher complication rate in
comparison to RIRS. Bleeding complications
requiring transfusion tended to be more common in
the case of PCNL while septic complications were
present in all 3 approaches (supplementary table 2).
Nonetheless, the pooled results on the complications
should be carefully interpreted. The definition of
bleeding complication varied among the studies. For
the comparison of PCNL to RIRS, 3 studies provided
data for pooling. One study reported only bleeding
that required blood transfusion.21 The other study
reported that the blood loss was similar between
PCNL and RIRS, despite the higher transfusion
rate of PCNL.19 This separation between the he-
moglobin drop and clinically significant bleeding
seemed to be more accurate to represent the reality
of the clinical practice. Every postoperative macro-
scopic hematuria does not represent a clinically
significant incident. On the contrary, the study by
Bozzini et al provided the largest number of pa-
tients and reported events of gross hematuria which
were managed by blood transfusions or Double-J�
stent.18 The number of patients who were treated
by one or the other approach was not clarified.
Moreover, the need for selective embolization of any
bleeding was not well described in any of the
included studies (supplementary table 3).

When the treated stones were up to 10 mm in
maximal diameter, PCNL was never considered as
an option in the eligible studies. RIRS was more
efficient than SWL in rendering the patients stone-
free while the complication rates were similar
(supplementary fig. 3, G; https://www.jurology.com).
This observation underlines the higher difficulty of
SWL to treat the LPS in comparison to stones
located in other sites of the pelvicalyceal system.
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Nonetheless, a cutoff size for the selection of RIRS
over SWL in these smaller stones could not be pro-
posed with the currently available data. The selec-
tion of the approach should probably be based on
patient preference and the individual characteris-
tics of each case.

The subgroup analysis of stones ranging from 1 to
2 cm provided results with similarities with the
analysis of stones up to 2 cm. The higher efficiency
of PCNL or RIRS in comparison to SWL, the shorter
operative time for SWL when compared to PCNL
and RIRS, and any discrepancies among the ap-
proaches in hospitalization time and complications
should be critically appraised under the previously
mentioned scope. It is important to note that none of
the studies calculated stone volume (or even stone
surface). In the clinical practice, stone volumes are
treated and the depiction of the stone size by the
maximal diameter does not provide an accurate
depiction of the stones. Thus, differences in the
volume and the hardness of the stone may signifi-
cantly vary and influence the outcome of the studied
approaches. These issues require careful consider-
ation for the interpretation of the current analysis
as well as the subgroup analysis.

High data heterogeneity as expressed by I2 was
observed in several comparisons of the current
analysis. High heterogeneity is usually related to an
unreliable result. The I2 is known to be poor in
detecting the true heterogeneity.13,39 The calculated
high level of heterogeneity can be misleading as the
magnitude and directions of the effects may influ-
ence the value of I2. The p value, magnitude of ef-
fects, chi2 and CI are useful to determine if the
presented heterogeneity has significance and could
render the results of a pooled analysis as unreli-
able.13,39 Supplementary table 7 explains heteroge-
neity results and shows that all currently presented
data are statistically reliable.

The results of the current meta-analysis show
that the management of LPS should probably be
PCNL or RIRS when the SFR over a short period
with minimal number of sessions is the priority.
Patients who are willing to undergo several sessions
and accept the possibility of eventually undergoing
an endoscopic procedure to become stone-free could
be opted for SWL. Operative time and complications
seem to favor SWL especially in comparison to
PCNL but this takes place at the expense of multi-
ple SWL sessions. RIRS is the most efficient
approach for the management of stones up to 1 cm
in the lower pole. PCNL and RIRS are both efficient
and safe approaches for treating lower stones of 1 to
2 cm, and the selection of the approach should be
based on the anatomy of the patient, the bulk of the
stone and experience of the surgeon.

The limitations of the current investigation
included the wide time period in which the included
studies were conducted (more than 15 years). Thus
instruments, materials and experience with the
approaches may have changed over the years.
Variation in the size of instruments, such as be-
tween conventional and mini-PCNL, do not repre-
sent a limitation since the percutaneous approach
remains identical. In a similar fashion, changes in
the RIRS equipment took place over the above long
period. Consequently, the current quantitative
analysis is solid in concept and its results are
reliable.

CONCLUSION
The pooled analysis of the eligible studies showed
that the management of LPS should probably be
PCNL or RIRS to achieve stone-free status over a
short period and minimal number of sessions. SWL
has a lower complication rate in comparison to
PCNL. For stones smaller than 10 mm, RIRS is
more efficient in comparison to SWL.
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