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REVIEW

Retrograde Intrarenal Surgery vs. Percutaneous Nephrolithotomy vs. Extracorporeal Shock Wave 
Lithotripsy for Lower Pole Renal Stones 20-10 mm : A Meta-analysis and Systematic Review

Liu Junbo1**, Li Yugen1**, Jiang Guo1, Huang Jing1, Yu Ruichao 2, Wu Tao1*

Purpose: To conduct a comprehensive meta-analysis of existing evidence to quantify and compare the safety and 
efficacy of PCNL (percutaneous nephrolithotomy), RIRS (retrograde intrarenal surgery) and ESWL (extracorporal 
shockwave liithotrispy) for lower pole renal stones 10-20mm.

Materials and Methods: We conducted a systematic literature search in the EMBASE, MEDLINE, Cochrane da-
tabases and Google Scholar to identify relevant studies published in English up to May 2018. Literature reviewed 
included meta-analyses, and randomized and nonrandomized studies. The subject in the management of PCNL, 
RIRS and ESWL of studies which included patients with lower pole renal stones 10-20mm. The odd ratio (OR) 
and mean difference(MD) with its 95% confidence interval (CI) using fixed-or-random-model were calculated to 
estimate the safety and efficacy of PCNL, RIRS and ESWL for lower pole renal stones 10-20mm. Two reviewers 
independently assessed the quality of all included studies, and the RevMan 5.3 software was used to analyze the 
included studies. 

Results: Three randomized controlled trials and five retrospective case control studies were included, involving a 
total of 1615 patients in our meta-analysis. Our results suggest that, for lower pole renal stones 10-20mm, PCNL 
has a great advantage to RIRS(OR=1.95, 95% CI: 1.22-3.12, P = .005, I2 = 39%)  and ESWL(OR=0.22, 95% CI: 
0.15-0.34, P < .00001, I2 = 0%) in stone-free rate. Comparing PCNL(MD=-24.97, 95% CI: -40.90--9.04, P = .002; 
I2 = 76%) (MD=-2.43, 95% CI:-4.70--0.17, P = .04, I2 = 99%) and RIRS(MD= -15.39, 95% CI: -25.54--5.25, P = 
.003, I2 = 99%) (MD=-0.95, 95% CI: -1.29--0.61,  P < .00001, I2 = 96%), ESWL owns some advantages in shorter 
operative time and hospital stay. Both of PCNL (OR=70.21,95%CI:25.01-197.11, P < .00001) (OR=4.01,95%-
CI:2.04-7.89, P < .0001) and RIRS (OR=32.31,95%CI:18.39-56.76, P < .00001, I2=0%) (OR=3.06, 95%CI:1.94-
4.84, P < .00001, I2=19%) have some strong points in lower retreatment rate and auxiliary procedure rate com-
paring ESWL, but no statistical significant difference is found between them(OR=0.46,95% CI:0.15-1.42, P =.18, 
I2=0%)(OR=0.75,95% CI:0.35-1.59,P =.45). About complication rate, there's no statistical significant difference 
found in PCNL(OR=1.42, 95%CI:0.91-2.21,P=.12, I2=0%), RIRS (OR=0.74,95%CI:0.51-1.07,P = .11, I2=30%) 
and ESWL(OR=0.41,95% CI:0.16-1.09, P = .07,I2=70%).

Conclusion: Both of PCNL and RIRS offer a longer operative time, the lower retreatment rate and auxiliary proce-
dure rate while PCNL has the longest hospital stay and the highest SFR. However, ESWL is confirmed to have the 
lowest SFR, the higher retreatment rate and auxiliary procedure rate, but a shorter operative time and the shortest 
hospital stay. The overall complication rates among the three therapies are comparable.

Keywords: retrograde intrarenal surgery; percutaneous nephrolithotomy; extracorporeal shock wave lithotripsy; 
lower pole renal stones; meta-analysis.

INTRODUCTION

There is chronically a huge controversy about which 
is the best treatment option for intermediate size 

(10-20 mm) lower pole renal stones. Although many 
treatments can be chosen to remove the stones, it is also 
extremely difficult to choose the best way from these 
treatments, because many factors such as patient body 
habitus, cost and patient preference, local renal anato-
my, must be taken into account when determining the 
treatment for lower pole renal stones(1-4). According to 
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the current EAU Guidelines(5), PCNL (percutaneous 
nephrolithotomy), RIRS (retrograde intrarenal surgery) 
and ESWL (extracorporal shockwave liithotrispy) are 
recommend as the treatment options for lower pole (LP) 
renal stones between 10 and 20 mm, moreover, current 
guidelines also indicate both ESWL and endourology ( 
PCNL, RIRS ) can be chosen to treat lower pole renal 
stones between 10 and 20 mm when there is no unfa-
vourable factors including shock wave-resistant stones 
(calcium oxalate monohydrate, brushite, or cystine ), 
steep infundibular-pelvic angle, long lower pole calyx 



(> 10mm), narrow infundibulum (< 5mm) and long 
skin-to-stone distance (> 10cm), but if there are some 
unfavourable factors, endourology is the preferred op-
tion comparing ESWL. There is no exact answer about 
which is the best treatment option for intermediate size 
(10-20 mm) lower pole renal stones till the present mo-
ment.
Although there are some meta-analysis or reviews(6-10) 

comparing the treatment efficacy of PCNL, RIRS 
and ESWL for renal calculi, so far there is only one 
meta-analysis(10) comparing the treatment efficacy of 
PCNL, RIRS and ESWL for lower pole renal stones 
between 10 and 20 mm, but the meta-analysis(10) only 
evaluated the stone-free rate of the three treatments 
and its included studies was retrospective case control. 
Therefore, the present study focused on a comprehen-
sive meta-analysis of existing evidence to quantify and 
compare the safety and efficacy, which was evaluated 
by stone-free rate, operative time, hospital stay, com-
plication rate, retreatment rate and auxiliary procedure 
rate, of PCNL, RIRS and ESWL for lower pole renal 
stones 10-20mm.

MATERIALS AND METHODS
The meta-analysis was conducted and reported accord-
ing to Preferred Reporting Items for Systematic Re-
views and Meta-analysis (PRISMA) statement(11).
Data sources and searches
We conducted a systematic literature search in the 
EMBASE, MEDLINE, Cochrane databases and Goog-
le Scholar to identify relevant studies which reported 
retrograde intrarenal surgery vs. percutaneous nephro-
lithotomy vs. extracorporeal shock wave lithotripsy for 
lower pole renal stones 10-20mm published in English 
up to May 2018. The Medical Subject Heading (MeSH) 
terms and/or key words and/or free words were (flex-
ible ureterorenoscopy / retrograde intrarenal surgery 
/ flexible ureteroscopy / RIRS OR percutaneous lith-
otripsy / percutaneous nephrolithotomy / PCNL OR 
extracorporeal shock wave lithotripsy / ESWL) AND 
inferior / lower AND calices / calyceal / calyx. Then we 
made additional manual searches using the reference 
lists from key studies to retrieve other papers relevant 
to our topic. We contacted corresponding authors to ob-
tain some missing data from selected studies.
Study selection 
Two reviewers (G J. and J H.) reviewed all the full texts 
of the identified studies. The studies were included in 
the meta-analysis if the following inclusion criteria 
were met: 1. The study had a retrospective case con-
trol design or randomized control design; 2. The subject 
in the management of PCNL, RIRS and ESWL of the 
recruited studies must be patients who had lower pole 
renal stones 10-20mm; 3. The study evaluated the ef-
ficacy of RIRS, PCNL and ESWL in management of 
lower pole renal stones 10-20mm,  and reported at least 
3 outcomes of the following: stone-free rate, operative 
time, hospital stay, complication rate, retreatment rate 
and auxiliary procedure rate. 4. The language of the 
study was in English. All studies that did not meet the 
above criteria were excluded. 
Data extraction and quality assessment
A standardized data extraction form collecting infor-
mation on the year of study period, country, the lev-
els of evidence (LE), study design, inclusion criteria, 
number of cases and controls, age, sex, side, stone size, 
stone-free rate, operative time, hospital stay, complica-
tion rate, retreatment rate and auxiliary procedure rate, 
was used to extract data. The levels of evidence (LE) 
for all included studies were estimated independent-
ly by two reviewers (G J. and J H.) according to the 
criteria provided by the Oxford Centre for Evidence 
Based Medicine(12). Two independent reviewers (G J. 
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Figure 1. Flowchart for records selection process of the me-
ta-analysis (according to PRISMA template: Moher D, Liberati 
A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses: The 
PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/jour-
nal.pmed1000097).
 

Figure 2. Risk of bias graph and risk of bias summary.
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and J H.) appraised and determined the methodolog-
ical quality of each included study according to the 
Newcastle-Ottawa Scale (NOS) for nonrandomized 
controlled trials(13) and the Jadad Scale for randomized 
controlled trials (RCTs)(14). The NOS was assessed ac-
cording to selection, comparability and exposure. And 
the Jadad Scale was evaluated according to randomi-
zation double blinding, withdrawals and dropouts. We 
defined the NOS scores as 6-9 being high methodolog-
ical quality, 4-5 being medium quality and  < 4 being 
low quality. We also defined the Jadad scores as > 2 
being high methodological quality and ≤ 2 being low 
quality. The NOS quality scores and the Jadad scores 
presented did not influence decisions to pool studies 
in the meta-analysis, it was only as part of descriptive 
summaries for each study. The Cochrane Collabora-
tion’s tool for assessing risk of bias was also used 
to assess all included studies according to random se-
quence generation, allocation concealment, blinding 
of participants and personnel, blinding of outcome as-
sessment, incomplete outcome data, selective reporting, 
and other biases. “Low bias” “High bias” or “Uncer-
tain" was used to show the evaluate results. When there 
were different opinions of the 2 reviewers for a study, 
we found a solution by discussing or inviting the third 
researcher to assist in. 
Data synthesis and meta-analysis
The results of our data analysis are presented in for-
est plots. The heterogeneity was classifed as low (I2 ≤ 
50%) and high (I2 > 50%). According to that the ho-
mogeneity was low or high, we used the fixed or the 
random effect model in our meta-analysis. If high het-
erogeneity (I2 > 50) was still found, we conducted sub-
group analysis or sensitivity analysis. The Odd Ratio 
(OR) and Mean Difference (MD) with its 95% Confi-
dence Interval (CI) using fixed-or-random-model were 
calculated to estimate the stone-free rate, operative 
time, hospital stay, complication rate, retreatment rate, 
auxiliary procedure rate of PCNL, RIRS and ESWL for 
lower pole renal stones 10-20mm. The funnel plot was 
used to estimate the publication bias. For all statistical 
analyses, a two-sided p < 0.05 was considered statisti-
cally significant. We used Review Manager Software 
(RevMan v.5.3, Cochrane Collaboration, Oxford, UK) 

to conduct data analysis.

RESULTS
Literature search and study election
A PRISMA(11) flow chart of screening and selection 
results is shown in Figure 1. After a systematic liter-
ature search, we retrieved 2051 extracts and obtained 
15 additional citations by other sources. From 51 stud-
ies initially identified, 21 were considered potentially 
suitable. After a full-text review, 8 studies(15-22), includ-
ing three RCTs(20-22) and five retrospective case con-
trols(15-19), with 1615 lower pole renal stones 10-20mm 
patients met the inclusion criteria and were included in 
the final analysis. NOS quality scores of one retrospec-
tive case control was six, two retrospective case con-
trols were scored seven revealing high quality, and re-
maining two retrospective case controls are scored five 
as medium quality. The Jadad scores of all RCTs are 
three revealing high quality. Figure 2 shows the risk of 
bias for all the 8 studies assessed and summary results 
for the domains. NOS quality scores and Jadad scores 
are showed in Table 1. 
A total of 1615 patients including 538 RIRS cases 
(33.3%), 386 PCNL cases (23.9%) and 691 ESWL cas-
es (42.8%) were compared in our meta-analysis. In all 
included studies, there were three studies comparing all 
the three treatment techniques, whereas one compar-
ing RIRS and PCNL, and four comparing ESWL and 
RIRS. Table 1 provides a description of the 8 studies 
which were published between 2011 and 2018. In ad-
dition, most studies showed the preoperative demo-
graphic characteristics such as patients’ mean age, sex 
ratio, stone size and stone location. Table 2 provides 
the summary of baseline patient characteristics and the 
operative effect of included studies.  
Results of Meta-analyses
Stone-free Rate
In terms of the stone-free rate (SFR), PCNL provid-
ed a significantly higher SFR compared with RIRS 
(OR=1.95,95% CI:1.22-3.12, P =.005, I2 = 39%) (Fig-
ure. 3a) and ESWL (OR = 0.22, 95% CI: 0.15-0.34, P < 
.00001, I2 = 0%) (Figure. 3c). On the other hand, RIRS 
also provided a significantly higher SFR compared with 
ESWL (OR=0.42, 95% CI:0.31-0.56, P <.00001, I2 = 

Table 1. Characteristics of the included studies

Author, year Country Study Study  LE Study Inclusion                     Cases,n
   period design  quality criteria              PCNL   RIRS   ESWL

Bozkurt et al ,2011 Turkey 2009-2010 Retrospective  3b 6* 1.5-2cm 42      37      -
    case control
Aboutaleb et al, 2012 Egypt 2007-2011 Retrospective  3b 5* 1-2cm 19      13      24
    case control
El-Nahas et al ,2012 Egypt 2007-2010 Retrospective  3b 7* 1-2cm, -       37      62
    case control    symptomatic
Ozturk et al ,2013 Turkey 2007-2012 Retrospective  3b 5* 1-2cm 144     28     221
    case control
Ozgor et al ,2018 Turkey 2011-2013 Retrospective  3b 7* 1-2cm -      128     113
    case control 
Singh et al, 2014 India 2011-2013 RCT  2b 3# 1-2cm,  -      35      35
        radio-opaque
Kumar et al ,2015 India 2012-2013 RCT  2b 3# 1-2cm -      43      42
Bozzini et al, 2017 Italy;Austria; 2010-2014 RCT  2b 3# 1-2cm 181     207     194
  UK;Russia

LE =level of evidence; RCT=randomized controlled trial; RIRS=retrograde intrarenal surgery; PCNL=percutaneous nephrolithotomy; 
ESWL=extracorporeal shock wave lithotripsy; *Using Newcastle-Ottawa scale (score from 0 to 10);# Jadad scale (score from 0 to 5)
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33%) (Figure. 3b).
Operative Time
As for the operative time, ESWL provided a significant-
ly shorter operative time compared with RIRS (MD=-
15.39, 95% CI: -25.54--5.25, P = .003, I2 = 99%) (Fig-
ure. 4b) and PCNL(MD=-24.97, 95% CI: -40.90--9.04, 
P = .002; I2 = 76%, respectively) (Figure. 4c), whereas 
no statistical significant difference of operative time 
was found between PCNL and RIRS (MD=-5.43, 95% 
CI: -35.54-24.67, P =.72, I2 = 97%) (Figure. 4a).
Hospital Stay
Referring to the hospital stay, ESWL offered a signifi-
cantly shorter hospital stay compared with RIRS (MD=-
0.95, 95% CI: -1.29--0.61, P < .00001, I2 = 96%) (Fig-
ure. 5b) and PCNL (MD=-2.43, 95% CI:-4.70--0.17, P 
= .04, I2 = 99%) (Figure. 5c). Furthermore, RIRS also 
provided a significantly shorter hospital stay compared 
with PCNL (MD=1.49, 95% CI: 0.41-2.56, P = .007, I2 

= 95%) (Figure. 5a).
Complication Rate
When comes to the complication rate, PCNL provid-
ed no significantly higher or lower complication rate 
compared with RIRS(OR=1.42,95%CI:0.91-2.21,P 
=.12, I2 = 0%) (Figure. 6a) and ESWL(OR=0.41,95% 
CI:0.16-1.09,P=.07,I2=70%) (Figure. 6c). Furthermore, 
no statistical significant difference of complication rate 
was found between RIRS and ESWL(OR=0.74,95% 
CI:0.51-1.07,P =.11, I2 = 30%) (Figure. 6b).
Retreatment Rate
For the retreatment rate, ESWL provided a sig-
nificantly higher retreatment rate compared  with 
RIRS (OR=32.31, 95%CI:18.39-56.76, P <.00001, 
I2 = 0%) (Figure. 7b) and PCNL(OR=70.21,95%-

CI:25.01-197.11, P < .00001) (Figure. 7c). whereas 
no statistical significant difference of retreatment rate 
was found between PCNL and RIRS(OR=0.46,95% 
CI:0.15-1.42,P =.18, I2 = 0%) (Figure. 7a).
Auxiliary Procedure Rate
Speaking of auxiliary procedure rate, both of 
RIRS(OR=3.06, 95%CI:1.94-4.84, P < .00001, I2 = 
19%) (Figure. 8b) and PCNL(OR=4.01,95% CI:2.04-
7.89, P < .0001) (Figure. 8c) showed a significantly 
lower auxiliary procedure rate compared with ESWL. 
Whereas no statistical significant difference of aux-
iliary procedure rate was found between PCNL and 
RIRS(OR=0.75,95%CI:0.35-1.59, P = .45) (Figure. 
8a).
Sensitivity analysis and Publication Bias
The reasons that caused the heterogeneity among stud-
ies were extremely complex, in order to explain the high 
heterogeneity, a sensitivity analysis was performed. 
Each included study was deleted every time to verify 
whether the individual data influenced the heterogene-
ity. If the heterogeneity dropped sharply following one 
or two studies being removed, it indicated the study had 
a great influence on the heterogeneity. But when we got 
rid one or two studies every time from the meta-analy-
sis whose result still had a high heterogeneity such as 
operative time(ESWL vs. RIRS,MD=-15.26,95% CI:-
30.86--0.33, P = 0.06,I2 = 99%) , hospital stay (ESWL 
vs. RIRS,MD=-0.86,95%CI:-1.43--0.28, P = 0.003,I2 
= 96%) , the high heterogeneity could not descend to 
the degree that we could accept. After analyzing the 
existing data, we finally attributed the high heteroge-
neity to the difference in patient inclusion criteria, out-
come definitions and standards, surgical experience, 
follow-up imaging and duration. The funnel plots did 

Table 2. Summary of baseline patient characteristics and the operative effect of included studies.

Author,    Treatment Age,      Sex               Side       Stone Stone-free      Operative    Hospital      Complication         Retreatment  Auxiliary 
year   year               size (cm) Rate(%)     Time     Stay (days)            Rate(%)  Procedure Rate(%) 
        (minutes)     Rate(%)

                          Male      Female   Left      Right       

Bozkurt     PCNL 47.4 ±15.5   25          17          22 20 1.70 ± 0.12 97.6 (41/42)      45.8 ± 19.6      2.3 ± 1.6      16.7 (7/42)           0 (0/42) -                
et al      RIRS 41.2 ± 13.6   21          16          18         19 1.65 ± 0.69 94.6 (35/37)     67.5 ± 24.3    1.3 ± 0.7      18.9 (7/37)           2.7 (1/37) -
2011

Aboutaleb  RIRS 47.2 ±15.2        7            6           - - 1.45 ± 0.32 84.6 (11/13)       76 ± 34    1 ± 0.56        46.2 (6/13)           -      -                    
et al 2012   PCNL 45.3 ± 14.3  14            5           - - 1.73 ± 0.33 89.5 (17/19)      63 ± 32    2 ± 0.9      31.6 (6/19)           -                       -
     ESWL 53.2 ± 19.0  19            5           - - 1.56 ± 0.43 62.5 (15/24)      48.3 ± 16.7  0.73 ± 0.21      41.7 (10/24)         -                       - 

El-Nahas    RIRS 47.8 ± 10.7      26           11          19        18 1.31 ± 0.24    86.5 (32/37)       73 ± 29         -                 13.5 (5/37)         8.1 (3/37)             10.8 (4/37)              
et al 2012   ESWL 45.4 ± 11.3  41            21          32        30 1.30 ± 0.23 67.7 (42/62)      92 ± 41        -      4.8 (3/62)        59.7 (37/62)         16.1 (10/62)

Ozturk     RIRS 52  22            16         21 17 1.73 ± 0.15     73.7 (28/38)            -        -     5.3 (2/38)               -                               -
et al 2013   PCNL 41.1  88            56         85 59 1.74 ± 0.15 93.8 (135/144)         -        -     13.2 (19/144)         -                       -
     ESWL 44.2 123          98       142 79 1.70 ± 0.16 76.0 (168/221)         -        -     3.2 (7/221)             -                       -

Ozgor     RIRS 45.9 ± 14.7       63          65           - - 12.1 ± 5.0       89.0 (114/128)   52.3 ± 16.2    0.88 ± 0.69    15.6 (20/128)        -                       -           
et al 2018   ESWL 48.6 ± 14.9    65          48           - - 11.3 ± 3.1 77.9 (88/113)      25.9 ± 2.5      0. 09 ± 0.04   15.0 (17/113)        -                       -

Singh     RIRS 37.7 ± 11.8        22         13         18        17  1.51 ± 0.36   82.9 (29/35)      78.8 ± 20.03    2 ± 0.64         31.4 (11/35)         5.7 (2/35)                8.6 (3/35)
et al 2014   ESWL 34.5±13.1   20           15         16        19 1.65±0.23 48.6 (17/35)      42.25 ± 6.34  0.51±0.22      48.6 (17/35)        65.7 (23/35)             45.7 (16/35)

Kumar     RIRS 33.4±1.4           20           23          -          -                      1.31 ± 0.11     86.0 (37/43)       47.1±1.1        1.3      9.3 (4/43)             2.3 (1/43)                 9.3 (4/43)
et al 2015   ESWL 33.1±1.3   21           21          -          -                      1.32 ± 0.12 73.8 (31/42)      43.6 ± 1.4     0.13     7.1 (3/42)            64.3 (27/42)             19.0(8/42)

Bozzini     RIRS 55.8±16.1      101        106        104      103                  1.48 ± 0.27      82.1 (170/207)   55.8 ± 11.4     1.3 ± 0.4       14.5 (30/207)       4.3 (9/207)  8.7 (18/207) 
et al 2017   PCNL 54.8±17.2   87           94         98         83                  1.52±0.33  87.3 (158/181)   72.3 ± 13.8    3.7±1.5      19.1 (35/181)       2.2 (4/181) 6.6 (12/181)
     ESWL 53.3±14.8  97            97        101        93                  1.38±0.31  61.9 (120/194)   40.9±7.7      0.12 ± 0.1      6.7 (13/194)        61.3 (119/194) 22.1 (43/194)

RIRS=retrograde intrarenal surgery; PCNL=percutaneous nephrolithotomy; ESWL=extracorporeal shock wave lithotripsy
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not show any obvious asymmetry, further indicating 
that there was no publication bias in our meta-analysis 
(Figure 9).

DISCUSSION
The present meta-analysis results demonstrated that 
each of the three treatments for lower pole renal stones 
between 10 and 20 mm has its own advantages. Our 
study is the first meta-analysis which, in many aspects, 

examined the safety and efficacy of PCNL, RIRS and 
ESWL for lower pole renal stones 10-20mm. Although 
there are 8 included studies whose quality scores, eval-
uated by the NOS and the Jadad Scale, were high or 
medium, the quality of the studies did not influence de-
cisions to pool studies in the meta-analysis. According 
to the meta-analysis results of synthesizing 8 included 
studies involving 1615 patients, we know that: when 
you choose a treatment for lower pole renal stones 
10-20mm, PCNL has a great advantage to RIRS and 
ESWL in stone-free rate. Comparing PCNL and RIRS, 
ESWL owns some advantages in shorter operative time 
and hospital stay. Both of PCNL and RIRS have some 
strong points in lower retreatment rate and auxiliary 
procedure rate comparing ESWL, but no statistical sig-
nificant difference is found between them. About com-
plication rate, there's no statistical significant difference 
found in PCNL, RIRS and ESWL.
Open renal stone surgery was formerly used to treat re-
nal stones, but by now it has been abandoned in most 
cases, and indicated only in some special conditions(18). 
Extracorporeal shock wave lithotripsy (ESWL) was 
recommend as the first-line therapy for management of 
intrarenal calculi < 20 mm by the American Urological 
Association guidelines and European Association of 
Urology (EAU) many years ago(23,24). After that, ESWL, 
by right of the advantages such as being an outpatient 
procedure, better patient acceptance and minimal anes-
thesia requirement, has been the most preferred treat-
ment measure for lower pole renal stones < 20 mm for 
a while(16,18). But with fiber optics and the availability 
of small-sized instrumentation developing, retrograde 
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Figure 3. Forest plot comparing stone-free rate between (a) PCNL 
and RIRS, (b) ESWL and RIRS, (c) ESWL and PCNL. PCNL = 
percutaneous nephrolithotomy; RIRS = retrograde intrarenal sur-
gery; ESWL = extracorporeal shock wave lithotripsy; M-H = Man-
tel-Haenszel; IV= inverse variance; CI = confidence interval.

Figure 4. Forest plot comparing operative time between (a) PCNL 
and RIRS, (b) ESWL and RIRS, (c) ESWL and PCNL. PCNL 
= percutaneous nephrolithotomy; RIRS = retrograde intrarenal 
surgery; ESWL = extracorporeal shock wave lithotripsy; M-H = 
Mantel-Haenszel; IV =  inverse variance; CI = confidence interval; 
SD = standard deviation.

Figure 5. Forest plot comparing hospital stay between (a) PCNL 
and RIRS, (b) ESWL and RIRS, (c) ESWL and PCNL. PCNL 
= percutaneous nephrolithotomy; RIRS = retrograde intrarenal 
surgery; ESWL = extracorporeal shock wave lithotripsy; M-H = 
Mantel-Haenszel; IV = inverse variance; CI = confidence interval; 
SD = standard deviation.



intrarenal surgery (RIRS), relying on the advantages of 

higher stone-free rate (SFR) with less bleeding and low-
er risk of renal damage, for renal calculi smaller than 20 
mm has gained more and more supports from the urol-
ogists(16,19,25,26). In addition, as the renal endoscopies and 
percutaneous nephrolithotomy (PCNL) are developing, 
a safe and effective therapy has been offered to larg-
er lower pole kidney stones in recent years(27). There-
fore, we has compared the treatment efficacy of PCNL, 
RIRS and ESWL for lower pole renal stones between 
10 and 20 mm. 
SFR occupies a key parameter in the process of estimat-
ing the efficacy of stone operation procedure(9). Some 
studies considered that the highest SFR in the renal 
pelvis or ureteropelvic junction for single calculi was 
80% to 88%(28,29), and when stones were located in the 
lower pole, it dropped below 50% to 70%(30-32), so some 
people pointed out that when applying ESWL treated 
the lower pole renal stones, the SFR was dependent on 
anatomic features(33). However, the SFR, from the re-
sults of our study, ranged from 48.6% to 77.9%. And 
some people held a view that PCNL had the advantage 
of achieving the highest SFR for these stones, but it was 
a technique of the most invasive among three treatment 
procedures(34-36). And some other studies(37-39) also re-
vealed PCNL owned a high success rate for all stone 
sizes in lower pole renal stones because of its high SFR. 
But there was an opinion that when PNCL couldn't been 

chosen such as for patients with high surgical risks or 
challenges, RIRS became a more feasible alternative 
comparing to ESWL in term of SFR(17,18,20,21,40,41). The 
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Figure 6. Forest plot comparing complication rate between (a) 
PCNL and RIRS, (b) ESWL and RIRS, (c) ESWL and PCNL. 
PCNL = percutaneous nephrolithotomy; RIRS = retrograde in-
trarenal surgery; ESWL = extracorporeal shock wave lithotripsy; 
M-H = Mantel-Haenszel; IV = inverse variance; CI = confidence 
interval.

Figure 7. Forest plot comparing retreatment rate between (a) 
PCNL and RIRS, (b) ESWL and RIRS, (c) ESWL and PCNL. PC-
NL=percutaneous nephrolithotomy; RIRS = retrograde intrarenal 
surgery; ESWL = extracorporeal shock wave lithotripsy; M-H = 
Mantel-Haenszel; IV =  inverse variance; CI = confidence interval.

Figure 8. Forest plot comparing auxiliary procedure rate between 
(a) PCNL and RIRS, (b) ESWL and RIRS, (c) ESWL and PCNL. 
PCNL = percutaneous nephrolithotomy; RIRS = retrograde in-
trarenal surgery; ESWL = extracorporeal shock wave lithotripsy; 
M-H = Mantel-Haenszel; IV = inverse variance; CI = confidence 
interval.
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result of our meta-analysis also, definitely, showed that 
PCNL provided a significantly higher SFR comparing 
with RIRS and ESWL, furthermore, RIRS owned a 
higher SFR than ESWL.
There was a review(8) that indicated the operative time 
of PCNL was shorter than RIRS, and the study by 
Schuster et al.(42) also deemed that the difference may 
bring damnification to patients in a sense because of 
the longer duration of ureteroscopic procedure strongly 
relating to postoperative complications, especially the 
perforation of ureter. It, on the one hand , suggested the 
operative time of RIRS should been strictly limited, on 
the other hand, surgical technics in this respect should 
be advanced(8,9). More studies(16,22) reported that ESWL 
offered the shortest operative time among the three 
therapies because of its noninvasive. Our meta-analy-
sis also proved that ESWL had the shortest operative 
time among the three therapies, but there was no statis-
tical significant difference of operative time to be found 
between PCNL and RIRS. The variation of the results 
may be generated because of the factors that the includ-
ed studies had small sample size or that the size of the 
stones of subjects investigated were different. In addi-
tion, our study indicated that there was no statistical 
significant difference of complication rates to be found 
among the three treatments. This result was different 
comparing to other studies(9,43-45) which thought PCNL 
provided a higher complication rate than RIRS, at the 
expense of higher blood loss and longer hospital stay. 
But Zhang et al.(8) in their review gained a conclusion 
which thought the overall complication rates were com-
parable among the three treatment techniques, the con-
clusion was same as ours. This pointed out that ESWL 
was not noninvasive as same as we thought in the past. 
As for hospital stay, some people(8,9,43,44) expressed the 
viewpoint that PCNL had the longest hospital stay, 
RIRS offered a longer hospital stay and ESWL pos-
sessed the shortest hospital stay. They indicated PCNL 
was the most invasive because of making more dam-
ages and bleeding more blood. Furthermore they also 
deemed that in many countries RIRS was increasing-
ly performed as an outpatient procedure, which made 
RIRS have more advantages than PCNL in hospital 
stay, but it had some disadvantages such as the pos-
sible need for staged procedures, the costs of acquisi-
tion and maintenance of the complex endourological 
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instruments, and risk of ureteral injuries(46). They also 
showed many patients had a preference for ESWL 
profiting from its minimal anesthesia requirement(18), 
being more efficacious and cost-effective, the noninva-
sive and low morbidity outpatient procedure(32,47,48). But 
when ESWL was applied to treat stones of kidney, it 
was limited because of stone composition, size and lo-
cation of stones(6). In addition, some people held a view 
that PCNL was associated with low morbidity (a lower 
incidence of septic shock and less bleeding) in expe-
rienced hands(49). It suggests that urologist should pro-
mote themselves to study in order to master the skills of 
surgery and allay suffering of patients. In our study, we 
also demonstrably obtained a result that PCNL had the 
longest hospital stay, RIRS provided a longer hospital 
stay and ESWL offered the shortest hospital stay. 
On the other hand, our study indicated PCNL and RIRS 
provided a lower retreatment rate and auxiliary proce-
dure rate while ESWL had a higher retreatment rate 
and auxiliary procedure rate, the result was accepted by 
many authors(8,17,20-22). Some studies revealed when urol-
ogists or patients chose ESWL to treat stones, various 
factors such as obesity, stone density, chemical compo-
sition and unfavorable lower pole anatomy would influ-
ence effects on fragmentation or clearance(50,51). ESWL 
had many advantages, but the disadvantages of ESWL 
had long bedeviled urologists and made some surgeons 
who preferred to choose ESWL to treat renal calculus 
change their ideas and turn to PCNL and RIRS in order 
to get a disposable treatment. 
There were several limitations to be addressed in our 
meta-analysis. First, some missing data was not ob-
tained despite repeated attempts to contact the authors. 
Second, over half of the included studies were retro-
spective case control studies which had some limita-
tions because of being susceptible to recall bias or in-
formation bias and difficult to validate information(52). 
Third, there was bias in the country of the authors of 
included studies, although we used some measures to 
minimize it , it did not abolish them. In addition, al-
though we performed a sensitivity analysis to explain 
the high heterogeneity, it could not descend to the de-
gree that we could accept. After analyzing the existing 
data, we found several logical reasons to explain the 
high heterogeneity among some studies, but inevitably, 
the accuracy of our study was partly influenced. Future, 

Figure 9. Funnel plot analysis to detect publication bias.(Each point represents a separate study)



better well-designed retrospective case controls and 
RCTs with high quality are needed. The interpretation 
of our findings might be influenced by the above lim-
itations, but as the first meta-analysis which, in many 
aspects, typically focused on the management of lower 
pole renal stones 10-20mm and simultaneously includ-
ed PCNL, RIRS and ESWL, our study would offer the 
most up-to-date information in this field. 

CONCLUSIONS
Our results suggest that, for lower pole renal stones 10-
20mm, both of PCNL and RIRS offer a longer opera-
tive time, the lower retreatment rate and auxiliary pro-
cedure rate while PCNL has the longest hospital stay 
and the highest SFR. However, ESWL is confirmed to 
have the lowest SFR, the higher retreatment rate and 
auxiliary procedure rate, but a shorter operative time 
and the shortest hospital stay. The overall complication 
rates among the three therapies are comparable. When 
urologists choose these treatments, urologists must syn-
thesize the individual characteristics of patients and 
unique advantages of the therapies. Furthermore, more 
RCTs and retrospective case control studies are needed 
to certify these conclusions and to advance knowledge 
in this area.
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