
Vol. 73 - No. 6 MiNerVa Urology aNd Nephrology 711

R E V I E W

The best treatment approach for lower 
calyceal stones ≤20 mm in maximal diameter: 

mini percutaneous nephrolithotripsy, retrograde 
intrarenal surgery or shock wave lithotripsy

A systematic review and meta-analysis 
of the literature conducted by the European Section 
of Uro-Technology and Young Academic Urologists

Panagiotis KALLIDONIS 1, 2 *, Constantinos ADAMOU 1, Pantelis NTASIOTIS 1, 
Amelia PIETROPAOLO 2, 3, Bhaskar SOMANI 2, 3, Mehmet ÖZSOY 2, 4, Despoina LIOURDI 1, 

Kemal SARICA 2, 5, Evangelos LIATSIKOS 1, 2, Thomas TAILLY 2, 6

1Department of Urology, University of Patras, Patras, Greece; 2European Section of Uro-Technology, European 
Association of Urology, Arnhem, The Netherlands; 3Department of Urology, University Hospital Southampton 
NHS Foundation Trust, Southampton, UK; 4Department of Urology, Vienna General Hospital, Medical University 
of Vienna, Vienna, Austria; 5Department of Urology, School of Medicine, Medicana Bahcelievler Hospital, Biruni 
University, Istanbul, Turkey; 6Department of Urology, Ghent University Hospital, Ghent, Belgium
*Corresponding author: Panagiotis Kallidonis, University Hospital of Patras, Rio 26504, Greece. E-mail: pkallidonis@yahoo.com

A B S T R A C T
INTRODUCTION: The highest in quality data in the literature which compared mini percutaneous nephrolithotripsy 
(mPCNL), retrograde intrarenal surgery (RIRS) and shock wave lithotripsy (SWL) for the management of lower pole 
stone (LPS) with a maximal diameter ≤20 mm were investigated by means of systematic review (SR) and meta-analysis.
EVIDENCE ACQUISITION: A SR of the literature was conducted on PubMed, Cochrane, SCOPUS and EMBASE in 
January 2020. The study complied with the PRISMA statement and recommendations of the EAU Guidelines office. Only 
randomized controlled trials (RCTs) comparing retrograde intrarenal surgery (RIRS), shock wave lithotripsy (SWL) and 
mini-percutaneous nephrolithotripsy (mPCNL) were selected for the meta-analysis. The endpoints were the efficacy of 
each modality, measured by stone-free rate (SFR), operative time and retreatment rate and the safety of each method, 
based on hospitalization time and complications. Subgroup analyses for stones with a maximal diameter <10 mm and 
10-20 mm were performed.
EVIDENCE SYNTHESIS: Twenty-one RCTs were included in the meta-analysis. mPCNL had the highest SFR and the 
lowest retreatment rate among the three modalities, while SWL had the lowest SFR and the highest retreatment rate. The 
operative and hospitalization time were shorter in the case of SWL, whereas they were similar in the case of mPCNL and 
RIRS. The highest complication rate was observed in mPCNL group, which accounted for 8.3-22.4%, while RIRS and 
SWL had similar complication rates, which ranged between 1.3-31.4% and 0-48.5%, respectively. Further classification 
of the complications according to Clavien-Dindo system revealed that SWL had lower grade II complication rates com-
pared to mPCNL and RIRS. Regarding stones <10 mm, SWL and RIRS had similar SFR, complication rate, operation 
and hospitalization time. SWL had higher retreatment rate.
CONCLUSIONS: For LPSs ≤20 mm, mPCNL provides the highest SFR and the lowest retreatment rate. This modality 
has a higher complication rate and longer hospital stay in comparison to the other modalities. SWL provides the lowest 
SFR with the highest retreatment rate. RIRS has similar complication rate to SWL and could be preferred over SWL. For 
stones up to 10 mm, SWL may provide a valid alternative. Despite a higher retreatment rate, its SFR is similar to RIRS.
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than 22 Fr.9 Indeed, miniaturization may entail 
less bleeding and a lower transfusion rate. How-
ever, it may not be ideal for larger stones.12

Thus, both mini-PCNL and RIRS have been 
considered to be appropriate for the management 
of LPS with benefits and drawbacks associated 
with either approaches.7, 9, 13-16 However, none of 
the included studies used mini-PCNL for stones 
up to 10 mm.

The purpose of the current systematic re-
view and meta-analysis is to provide an answer 
on which is the most appropriate approach for 
the management of the lower pole stones with a 
maximal dimension ≤20 mm.

Evidence acquisition

Search strategy, eligibility criteria, endpoints

A systematic review was conducted according 
to the PRISMA statement and the recommenda-
tions of the EAU Guidelines office.17, 18 PubMed, 
SCOPUS, Cochrane and EMBASE were 
searched until January 2020 with no language re-
striction. The study was registered in the PROS-
PERO database (CRD42018086552). Table I in-
dicates the search strategy and eligibility criteria 
for the meta-analysis. Shock wave lithotripsy 
(SWL), retrograde intrarenal surgery (RIRS) and 
mini percutaneous nephrolithotripsy (mPCNL) 
were considered for comparison. The endpoints 
were the efficacy of each procedure, measured by 
stone-free rate (SFR), operation time and retreat-
ment rate as well as the safety of each modality, 
based on length of hospital stay and complica-
tion rate. A subgroups analysis was conducted 
according to the maximal diameter of the stone.

Data extraction

Three review authors (C.A., T.T., P.N.) indepen-
dently screened the titles and the abstracts for 
eligibility. The full texts of the selected studies 

Introduction

of all renal stones, lower pole stones up to 
20 mm in size have been proved to be the 

most debatable regarding their management. 
Although asymptomatic calyceal stones can be 
managed expectantly in most cases and lower 
pole stones may demonstrate a lower tendency 
to become symptomatic, up to 26.6% of stones 
will eventually require an intervention.1, 2 Most 
guidelines seem to agree that any form of treat-
ment, be it shockwave lithotripsy (SWL), retro-
grade intrarenal surgery (RIRS) or percutaneous 
nephrolithotomy (PCNL) is a valid technique to 
treat these stones.3, 4 Which treatment modality 
is most appropriate, depends on multiple fac-
tors that may affect the outcome such as calyceal 
anatomy, stone size and density, patient’s body 
habitus and patient preference.5-8

Each of these treatment modalities comes with 
inherent advantages and disadvantages. Whereas 
SWL is a truly non-invasive treatment with very 
low complication rates, stone density, patient’s 
body habitus and several stone variables may 
considerably influence the outcomes.8, 9 Techni-
cal advancements of the past decades have in-
creased the clinical reach and indications of ret-
rograde intrarenal surgery.10 Although retrograde 
intrarenal surgery has good success rates for 
smaller stones, lower pole stones still represent 
a challenge, a staged procedure may be neces-
sary for larger stones with consequent costs that 
might be a limiting factor.5, 7

Standard PCNL still has an added value over 
RIRS for larger stones, accepting a higher com-
plication rate and longer hospital stay.11

Technical advancements have allowed for 
miniaturization of equipment, with the goal of 
overcoming the complications related to a large 
percutaneous tract. Although terminology may 
be confusing, the EAU Guidelines have defined 
mini-PCNL by an access sheath size of smaller 

(Cite this article as: Kallidonis P, Adamou C, Ntasiotis P, Pietropaolo A, Somani B, Özsoy M, et al. The best treatment ap-
proach for lower calyceal stones ≤20 mm in maximal diameter: mini percutaneous nephrolithotripsy, retrograde intrarenal 
surgery or shock wave lithotripsy. A systematic review and meta-analysis of the literature conducted by the European Sec-
tion of Uro-Technology and Young Academic Urologists. Minerva Urol Nephrol 2021;73:711-23. DOI: 10.23736/S2724-
6051.21.04388-3)
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were calculated using the chi squared statistical 
method. The I2 index was used to calculate the 
proportion of inconsistency between the studies 
that could not be attributed to chance . Hetero-
geneity was considered to be significant when 
i2≥50%.21

Risk of bias assessment

Risk of bias and the quality of the studies were 
evaluated by using the Cochrane Collaboration’s 
tool and the GRADE Guidelines, respective-
ly.22, 23 The GRADE system rates the quality of 
evidence from very low (+) to high (++++) based 
on study design, risk of bias, imprecision, incon-
sistency, indirectness, and consideration of other 
residual confounders.

Evidence synthesis

Selection of studies

The initial search included 7251 publications, 
from which 21 randomized controlled trials 

were screened depending on the inclusion crite-
ria and relevant data on study characteristics and 
outcomes were extracted using a standardized 
pro-forma. Discrepancies were solved by a se-
nior authors (P.K.). If missing data existed, the 
corresponding authors were contacted by email.

Statistical analysis

The extracted data was pooled to conduct the 
meta-analysis. For dichotomous/categorical vari-
ables we reported odds ratios (OR) with 95% 
confidence intervals (CI). To combine these re-
sults, the Mantel-Haenszel method was used. For 
continuous variables, we reported the mean dif-
ference (MD) with 95% CI and the results were 
combined using the inverse variance method.19 
The random effects model was applied for the 
meta-analysis and forest plots diagrams because 
of the different sample size of the studies select-
ed.20 Statistical analysis was performed using Re-
view Manager (RevMan) v. 5.3.5 (Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2014). Variations among the studies 

Table I.—� Search strategy.
item Description
Clinical question: Which is the best treatment approach for lower pole stones ≤20 mm in maximal diameter?

Mini percutaneous nephrolithotomy, retrograde intrarenal surgery or shock wave lithotripsy?
Population: Human adults, men and women; patients with lower pole renal stone ≤20 mm in diameter
Intervention: Shock wave lithotripsy (SWL)

Retrograde intrarenal surgery (RIRS)
Mini percutaneous nephrolithotomy (mPCNL)

Comparison: SWL vs. mPCNL vs. RIRS
Outcome (endpoints): Efficacy: stone-free rate, operative time, retreatment rate

Safety: hospital stay, complications
Databases searched: PubMed, SCOPUS, Cochrane, EMBASE and Web of Science
Key words: retrograde intrarenal surgery

flexible *scopy
RIRS
percutaneous nephrolithot*
PCNL
shock wave
*SWL
lower
Inferior
caly*
pole

Manual search: Acceptable; articles in peer reviewed journals and abstracts from major congresses: acceptable
No language restrictions

Eligibility criteria 1. Comparative prospective studies (randomized, quasi randomized) including at least 2 of 
the modalities and studies evaluating the treatment of renal stones in general and providing 
information in the lower pole stones.

2. Non-randomized studies are excluded
3. Studies not describing the location of the included renal stones are excluded

Risk of bias assessment: Quality-assessment tool of the Cochrane Collaboration
Subgroup analysis: Stones’ size
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(RCTs) were eligible for the meta-analysis. Fig-
ure 1 outlines the process that was followed to 
select the eligible studies.

Studies characteristics

The selected studies were published between 
2001 and January 2020. All the selected stud-
ies included patients suffering from lower pole 
stones up to 20 mm, treated with either SWL, 
RIRS or mPCNL. More details of the studies 
and baseline characteristics of the patients are 
described in Supplementary Digital Material 
1 (Supplementary Table I-III).24-44 Two corre-
sponding authors replied to our email to offer ad-
ditional data.25, 41

Efficacy

Stone free rate – up to 3 months

Twenty studies25-44 provided information for 
SFR up to 3 months. The meta-analysis of 9 
studies indicated that mPCNL resulted in high-
er SFR compared to RIRS with an OR: 0.43 Figure 1.—PRISMA flow chart.

Figure 2.—Comparison between m-PCNL and RIRS (A), between m-PCNL and SWL (B), and between RIRS and SWL (C) 
regarding SFR; comparison between m-PCNL and RIRS (D), between m-PCNL and SWL (E), and between RIRS and SWL 
(F) regarding operative time.
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counted for the shortest operative time with MD 
of 29.42 min (95% CI: 9.39, 49.45) (I2=99%, 
P=0.004) (Figure 2E) and 15.02 min (95% CI: 
4.75, 25.29) (I2=100%, P=0.004) (Figure 2F), 
respectively.

Retreatment events

Pooled analysis of four and seven studies re-
vealed that SWL had a higher retreatment 
rate when compared to mPCNL33, 37, 38, 44 and 
RIRS25, 26, 29, 33, 37, 42, 43 with OR: 0.03 (95% CI: 
0.01, 0.08) (I2=0%, P<0.00001) (Figure 3A) 
and OR: 0.06 (95% CI: 0.03, 0.11) (I2=51%, 
P<0.00001) (Figure 3B), respectively. When 
comparing mPCNL to RIRS, RIRS had higher 
retreatment rate than mPCNL, according to the 
pooled data from four studies27, 29, 32, 33 with OR: 
0.39 (95% CI: 0.16, 0.96) (I2=29%, P=04) (Fig-
ure 3C).

(95% CI: 0.24, 0.76) (I2=15%, P=0.004) (Fig-
ure 2A).27-29, 31-33, 35, 36 The pooled analysis of 
4 and 13 studies showed that mPCNL29, 33, 38, 44 
and RIRS25, 26, 29, 30, 33, 34, 37, 39-43 were related to 
much higher SFR compared to SWL with OR of 
0.11 (95% CI: 0.05, 0.25) (I2=0%, P<0.00001) 
(Figure 2B) and OR: 0.39 (95% CI: 0.27, 0.56) 
(i2=24%, P<0.00001) (Figure 2C), respectively.

Operative time

Seven studies compared the operative time be-
tween mPCNL and RIRS27-29, 31-33, 35 without 
identifying any significant difference between 
the groups. The mean difference between the 
two procedures was -8.84 minutes (95% CI: -23, 
5.33) (I2=99%, P=0.22) (Figure 2D). When the 
operative time of SWL was compared to this of 
mPCNL29, 33, 44 and RIRS,25, 29, 33, 37, 41 SWL ac-

Figure 3.—Comparison between m-PCNL and SWL (A), between RIRS and SWL (B), and between m-PCNL and RIRS 
regarding retreatment rate; comparison between m-PCNL and RIRS (D), between m-PCNL and SWL (E), and between RIRS 
and SWL regarding hospitalization time; comparison between m-PCNL and RIRS regarding complications (G), Clavien-
Dindo I complications (H), Clavien-Dindo II complications (I), and Clavien-Dindo III complications (J).

a

d

g

B

e

h

J

C

F

i

COPYRIGHT©
 2021 EDIZIONI MINERVA MEDICA



KALLIDONIS  TREATMENT OF CALYCEAL STONES UNDER 20 MM

716 MiNerVa Urology aNd Nephrology December 2021 

with MD of 2.94 (95% CI: 0.4, 5.48) (I2=100%, 
P=0.02) (Figure 3E) and 1.66 (95% CI: 0.72, 2.6) 
(i2=99%, P=0.0006) (Figure 3F), respectively.

Complications

The meta-analysis of seven studies27-29, 31-33, 35 
showed that mPCNL had a higher complication 
rate when compared to RIRS with an OR 1.65 
(95% CI: 1.04, 2.61) (I2=0%, P=0.03) (Figure 
3G). However, further classification of compli-
cations based on Clavien-Dindo system (CDS), 
showed no difference between the two groups. 

Safety

Hospitalization time

Eight studies provided data on hospitaliza-
tion. The hospitalization time was not signifi-
cantly different when RIRS was compared to 
mPCNL with a mean difference of 0.91 days 
(95% CI: -0.05, 1.87) (I2=99%, P=0.06) (Figure 
3D).27, 28, 31-33, 35 When the hospitalization time af-
ter SWL was compared to the hospitalization time 
after mPCNL33, 44 and RIRS,25, 33 SWL consti-
tuted the modality with the shortest hospital stay 

Figure 4.—Comparison between m-PCNL and SWL regarding complications (A), Clavien-Dindo I complications (B), Cla-
vien-Dindo II complications (C), and Clavien-Dindo III complications (D); comparison between RIRS and SWL regarding 
complications (E), Clavien-Dindo I complications (F), Clavien-Dindo II complications (G), Clavien-Dindo III complications 
(H); comparison between m-PCNL and RIRS (I), between m-PCNL and SWL (J), and between RIRS and SWL (K) regarding 
infectious complications.
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Digital Material 2 (Supplementary Table IV), 
which reveals the complications that were re-
ported in all the included studies. The propor-
tion of complication rates for mPCNL, RIRS and 
SWL ranged between 8.3-22.4%, 1.3-31.4% and 
0-48.5%, respectively. An attempt was made to 
compare the infection rate between the different 
modalities and the meta-analysis did not reveal 
any significant difference in any of the three 
comparisons (Figure 4I-K).

Subgroup analysis

Stone size up to 10 mm

The meta-analysis of this subgroup includes only 
the comparison between RIRS and SWL, as none 
of the included studies investigated mPCNL for 
stones up to 10 mm. Regarding the comparison 
between RIRS and SWL, four studies37, 40, 41 
indicated similar SFRs with OR: 0.7 (95% CI: 
0.37, 1.33) (I2=0%, P=0.28) (Figure 5A). Pooled 

Specifically, six studies categorized the complica-
tions in their study according to CDS27, 32, 33, 35-37 
(Figure 3H-J). Moreover, the pooling of data 
from four studies33, 37, 38, 44 showed that the com-
plication rate of mPCNL was higher than that 
of SWL with OR=2.25 (95% CI: 1.26, 4.01) 
(i2=0%, P=0.006) (Figure 4A). Further analysis 
based on CDS revealed a significant difference 
between mPCNL and SWL only in CDS grade II 
complications33, 37, 44(Figure 4B-D). In addition, 
when RIRS was compared to SWL, the com-
plication rate of the two modalities was similar 
with OR of 1.31 (95% CI: 0.87, 1.96) (I2=16%, 
P=0.2)25, 29, 30, 33, 37, 39-43 (Figure 4E). The same 
pattern was observed when the complications 
were subcategorized according to CDS (Figure 
4F-H). Nonetheless, these pooled analyses rep-
resent the overall complication rates of the in-
cluded studies. Considering that the type or the 
modality of the complication was heterogeneous 
among the studies, we created Supplementary 

Figure 5.—Comparison between RIRS and SWL regarding SFR for stones up to 10 mm (A), operative time for stones up to 
10 mm (B), complications for stones up to 10 mm (C), retreatment rate for stones up to 10 mm (D), SFR for stones between 
10 mm and 20 mm (E), operative time for stones between 10 mm and 20 mm (F), hospitalization time for stones between 10 
mm and 20 mm (G).
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CI: 0.25, 0.5) (I2=0%, P<0.00001) (Figure 5E). 
Pooled data from four25, 29, 33, 37 studies showed 
that operative time was lower for SWL compared 
to RIRS with a MD: 13.42 min (95% CI: 2.18, 
24.67) (I2=100%, P=0.02) (Figure 5F). Likewise, 
two studies offered data comparing the hospital 
stay of RIRS and SWL25, 33 and found that SWL 
needed shorter hospitalization than RIRS with 
MD: 1.66 days (95% CI: 0.72, 2.6) (I2=99%, 
P=0.0006) (Figure 5G). The meta-analysis of six 
studies25, 29, 30, 33, 37, 42 showed that the complica-
tion rate of SWL and RIRS was similar with an 
OR: 1.39 (95% CI: 0.79, 2.45) (I2=31%, P=0.26) 
(Figure 6A). Information given from five stud-
ies25, 29, 33, 37, 42 revealed that RIRS was related 
with much lower need for retreatment when 
compared to SWL with an OR: 0.04 (95% CI: 
0.02, 0.07) (I2=19%, P<0.00001) (Figure 6B).

Regarding mPCNL and RIRS, SFR was in fa-
vor of mPCNL according to the meta-analysis of 
four studies28, 29, 32, 33 with OR: 0.21 (95% CI: 0.1, 

data from two studies37, 43 showed that the opera-
tive time had no difference for SWL and RIRS 
with 5.94 min (95% CI: -28.98, 40.86) (I2=94%, 
P=0.74) (Figure 5B). There was not adequate data 
about hospitalization time of the two approaches. 
The pooled analysis of four studies37, 40, 41 re-
vealed that the complication rate was not differ-
ent between the two groups with OR: 1.34 (95% 
CI: 0.66, 2.74) (I2=0%, P=0.42) (Figure 5C). 
Pooled data from two studies showed that SWL 
needed more procedures compared to RIRS to 
achieve stone free status with OR: 0.12 (95% CI: 
0.05, 0.29) (I2=3%, P<0.00001) (Figure 5D).37, 43

Stone size 10-20 mm

Subgroup analyses was done comparing RIRS to 
SWL and mPCNL to RIRS, since the comparison 
of mPCNL and SWL was not feasible. Regard-
ing RIRS and SWL, pooling the data from six 
studies25, 29, 30, 33, 37, 42 showed higher SFRs for 
RIRS compared to SWL with an OR: 0.36 (95% 

Figure 6.—Comparison between RIRS and SWL regarding complications for stones between 10 mm and 20 mm (A), re-
treatment rate for stones between 10 mm and 20 mm (B), and SFR for stones between 10 mm and 20 mm (C); comparison 
between m-PCNL and RIRS regarding operative time for stones between 10 mm and 20 mm (D), hospitalization time for 
stones between 10 mm and 20 mm (E), retreatment rate for stones between 10 mm and 20 mm (F), and complications for 
stones between 10 mm and 20 mm (G).
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Performance bias

Blinding was impossible for patients and sur-
geons in studies requiring an operative approach. 
There were three studies that reported clearly the 
lack of blinding.25, 28, 32

Detection bias

Six studies reported that the follow-up results 
were examined by medical personnel blinded to 
the approach.25, 32, 34-36 The rest of the studies did 
not mention if there was a blinding method.

Attrition bias

Information about the drop-out rate or about pa-
tients lost in follow-up were given in 13 stud-
ies.25, 27-29, 32-37, 39, 41, 42 Only one study had rela-
tively high attrition bias.29

Reporting bias

Sufficient results for primary and second-
ary end-points were provided by 16 stud-
ies.25, 27-29, 32-37, 39-44 In the remaining studies rel-
evant information was missing despite adequate 
follow-up time.

A detailed report on the risk of bias assess-
ment is stated in Figure 7.

0.48) (I2=0%, P=0.0002) (Figure 6C). In the case 
of operative time, data from four studies28, 29, 32, 33 
found that it was similar between the two modal-
ities with MD: -2.98 min (95% CI: -19.66, 13.69) 
(i2=99%, P=0.73) (Figure 6D). In terms of hos-
pitalization time, three studies28, 32, 33 showed 
that RIRS needed shorter hospital stay with 
MD: 1.62 days (95% CI: 0.38, 2.86) (I2=98%, 
P=0.01) (Figure 6E). Regarding the retreatment 
rate, information from three32, 33, 37 studies re-
vealed that mPCNL had lower retreatment rate 
than RIRS with OR: 0.23 (95% CI: 0.09, 0.59) 
(i2=0%, P=0.002) (Figure 6F). The complication 
rate of RIRS was lower than that of mPCNL, as it 
was indicated by pooling the data from four stud-
ies,28, 29, 32, 33 with OR: 1.77 (95% CI: 1.05, 2.98) 
(i2=0%, P=0.003) (Figure 6G).

Risk of bias assessment

Selection bias

A total of 19 studies described the process used 
for random sequence generation.24-37, 40-44 only 
two studies had relatively high selection bias. 
In two studies, this was not clarified.38, 39 as 
for allocation concealment, the process used 
in thirteen studies were related to low risk of 
bias.25, 27-29, 32, 34-37, 40-43

Figure 7.—Risk of bias assess-
ment.
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time, no safe conclusion could be extracted due 
to great heterogeneity between the studies. The 
complication rate was similar between the RIRS 
and SWL irrespective of the size of the stone, 
whereas mPCNL had higher complication rates 
compared to RIRS.

Efficacy

The meta-analysis of SFR should be analyzed 
in the light of the follow-up period which was 3 
months in 12 studies (Supplementary Table II). 
During that period additional procedures might 
have taken place in order to reach a stone-free 
status. The latter events are included in the re-
treatment rates. Our aim was to provide the SFRs 
following the first procedure, but unfortunately, 
the information given from some studies were 
not enough for statistical pooling.31, 40, 44, 45 Fur-
thermore, some studies included only patients 
with favorable pelvic-calyceal anatomy for RIRS 
and SWL.25, 37, 38, 40, 43 Specifically, Bozzini et al. 
did not include patients with a calyx longer than 
10 mm, an infundibular-pelvic angle steeper than 
30°, or an infundibulum narrower than 5 mm as 
depicted by contrast-enhanced CT based on the 
current evidence of the effect of anatomy to the 
outcomes of SWL.9, 25, 46 Naquib et al. included 
only patients with favorable anatomy for either 
SWL or mPCNL.38 Similarly, Sener et al. in their 
two studies did not include patients with steep in-
fundibular-pelvic angle.40, 43 These exclusion cri-
teria that have been used in some of the studies 
may have had an impact on the results of SWL 
and RIRS. Since the above-mentioned exclusion 
criteria were used for both RIRS and SWL, they 
probably did not have an impact on the compari-
son of the two approaches.40, 43 On the other hand, 
Naguib et al. in their study included these criteria 
only in the case of patients that have been treated 
with SWL, so it is possible that a selection bias 
was introduced in their study.38 Thus, the study 
was considered to be high risk for selection bias 
(Figure 6). The large study by Bozzini et al. pro-
vided comparative data on all three approaches 
but the percutaneous approach did not meet the 
criteria of EAU Guidelines to be characterized 
as mini PCNL and the results were based on se-
lected cases that could allow SWL and RIRS to 
provide optimal outcomes.

Study quality according to GRADE

The quality assessment according to GRADE 
is summarized in Supplementary Digital Mate-
rial 3 (Supplementary Table V). For SFR up to 
3 months, the comparisons of mPCNL to RIRS 
(N.=5), mPCNL to SWL (N.=6) and SWL to 
RIRS (N.=8) had a moderate, high and moder-
ate quality, respectively. For the secondary end-
points of the current pooled analysis, the includ-
ed studies were evaluated to have moderate to 
high quality. The only exception was the quality 
of the studies (N.=5) pooled for the complica-
tions in stone size up to 10 mm which was low.

Discussion

The current study revealed that SWL had lower 
SFRs compared to mPCNL and RIRS for lower 
pole stones up to 20 mm at a follow-up period up 
to 3 months. mPCNL had higher SFRs compared 
to RIRS at the same time period (P=0.002). Re-
garding retreatment rates, mPCNL performed 
better than RIRS (P=0.04) and both modalities 
had less retreatment rates than SWL. In order to 
determine the stone free status of patients, the in-
cluded studies utilized different imaging modali-
ties and different definitions. Specifically, a total 
of ten studies used CT scan,25, 27-30, 32, 33, 35, 41, 43 
while four studies used ultra-sound and/or X-
ray.34, 39, 40, 42 This may imply a reporting bias, 
but none of the studies was excluded, since lit-
erature lacks a consensus in the follow up imag-
ing of the patients as well as in the definition of 
stone free status.9

When the stones were subdivided in stones up 
to 10 mm and stones 10-20 mm, some interest-
ing points were observed. Regarding SFRs for 
stones from 10 to 20 mm, there is a definite ad-
vantage of RIRS over SWL (P<0.00001) and a 
clear benefit of mPCNL over RIRS (P=0.0002). 
However, for smaller stones the comparison be-
tween RIRS and SWL showed that there is no 
difference in SFR after 3 months, while none of 
the included studies used mini-PCNL for stones 
of that size. Regarding retreatment rates for 
stones between 10 and 20 mm, the rate for RIRS 
was higher compared to that of mPCNL, while 
the rates for SWL compared to RIRS were higher 
irrespective of stone size. As for the operation 
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quality in the case of studies included in the cal-
culation of hospitalization time.

The complication rates were similar between 
RIRS and SWL (P=0.2) and both modalities had 
lower complication rates than mPCNL (P=0.03 
and P=0.006, respectively). The quality of the 
studies used for the calculations was high for the 
comparison between PCNL to SWL and moder-
ate for the remaining of the comparisons of the 
complication rates. When interpreting the com-
plication rates, we should always consider the 
severity of complications. Bleeding followed 
by transfusion was observed more often after 
mPCNL. Infectious complications were ob-
served after all three treatment modalities (Sup-
plementary Table IV, V).

A meta-analysis comparing the SFRs of the 
different approaches as well as subgroup analy-
sis based on the stone size have been conducted 
before.49 Nonetheless, the other parameters of our 
meta-analysis, such as operative time, hospital-
ization time, retreatment rate and complications, 
have never been investigated in that meta-analy-
ses. In addition, in the past the same authors con-
ducted a similar meta-analysis comparing PCNL 
to RIRS and to SWL.50 The current meta-analysis 
differs from the abovementioned papers, since 
we did not use studies referring to conventional 
PCNL, but only studies referring to mini PCNL as 
it is defined by the EAU Guidelines.9 Moreover, 
more recent studies of high quality enriched the 
available evidence25, 31, 34-38, 43, 44 and set the back-
ground for a contemporary meta-analysis aiming 
to provide updated and detailed information.

Limitation of the current meta-analysis is the 
presence of a high or unclear risk in the case of 
allocation concealment in several studies and the 
blinding of patients and personnel, which can be 
explained by the surgical nature of the interven-
tion. Besides that, the risk of bias of the included 
studies was at least acceptable according to the 
conducted assessment. In addition, the calcula-
tion of heterogeneity was high in few of the for-
est plots. i2 however can sometimes be mislead-
ing, since the magnitudes and directions of the 
studied effects can affect its value and the P value 
from the chi square test or the confidence inter-
val may be associated to strength of evidence of 
heterogeneity. Moreover, the current search in-

A total of three studies reported the Hounsfield 
units of the treated stones.25, 28, 32, 33 laser tech-
nology used in RIRS may be able to tackle the 
problem of treating hard stones,42 but the success 
of SWL is strongly dependent on stone density.44 
Talso et al. in their review concluded that in 
SWL, SFR are significantly lower in patients with 
stones >900-1000 HU.47 In the case of mPCNL, 
Gucuk et al. compared the SFR between stones 
with density <677 HU and stones with >677 HU 
and they concluded that lower density stones are 
linked to lower SFR compared to higher density 
stones, whereas the same does not apply in the 
case of RIRS, where stone density did not affect 
the SFR. The authors connected this finding to 
the difficulty in visualizing low density stones on 
fluoroscopy during surgery.48 Kumar et al. did not 
mention the stone density of the treated stones in 
their two papers, but in the first study they includ-
ed only radiopaque stones, while in the other they 
dealt only with radiolucent stones and, thus, a se-
lection bias was introduced in both studies.29, 37

This meta-analysis indicated that operative 
time was similar between RIRS and mPCNL 
(P=0.22). However, operative time was lower for 
SWL compared to the two other modalities. In 
these three comparisons, high heterogeneity (I2: 
99-100%) was found which is justified, since the 
results reported by the included studies are con-
troversial. These discrepancies may be related to 
several technical factors which could include dif-
ferent power sources for mPCNL and RIRS, use 
of different equipment, experience of surgeons 
and probably several factors that could not be as-
sessed in a meta-analysis.

Safety

The meta-analysis identified a similar hospital 
stay between mPCNL and RIRS. The data pro-
vided for the comparison of mPCNL to SWL and 
RIRS to SWL demonstrated an advantage for 
SWL (P=0.02 and P=0.0006, respectively). This 
benefit of SWL was expected due to the nature of 
the intervention which does not require hospital-
ization. It should be noted that some differences 
in hospitalization time may also be associated 
to respective national healthcare systems. The 
GRADE approach revealed moderate quality in 
the studies pooled for the operative time and high 
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truth. J Endourol 2018;32:A121.
25. Bozzini G, Verze P, Arcaniolo D, Dal Piaz O, Buffi NM, 
Guazzoni G, et al. A prospective randomized comparison 
among SWL, PCNL and RIRS for lower calyceal stones less 
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SWL for < 15 mm lower calyceal calculus, is it comparable to 
RIRS? Indian J Urol 2017;33.
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cluded studies, which investigated stones based 
on their maximal diameter without considering 
the total stone volume, which would be more 
precise. This measurement was chosen, despite 
its potential inaccuracy, since most studies in 
the literature describe the stone burden based on 
maximal diameter.

Conclusions

In the treatment of LPS ≤20 mm, mPCNL pro-
vides the highest stone free rate and the lowest 
retreatment rate. These benefits are offset by a 
higher complication rate and slightly longer hos-
pital stay. SWL provides the lowest stone free 
rate with the highest retreatment rate. As the 
complication rate is similar to RIRS, RIRS may 
be preferred over SWL for this indication. For 
stones up to 10 mm, SWL may provide a valid 
alternative as SFR is similar to RIRS, despite a 
higher retreatment rate.
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