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Objective: To review and perform a meta-analysis of the available literature on the minimally invasive percutaneous
nephrolithotomy (PCNL) techniques in comparison with standard PCNL and retrograde intrarenal surgery (RIRS).
Material and Method: We systematically reviewed PubMed and Galileo in April 2016 to identify all relevant studies between
2010 to April 2016. The stone free rate, operative time, length of stay and blood loss were compared between standard PCNL,
mini-PCNL, ultra-mini PCNL, micro-PCNL and RIRS to determine the best modalities for stone treatment.
Results: Included in analysis were 32 studies in a total of 4,586 total cases (316 standard PCNL cases, 2,581 mini PCNL
cases, 185 ultra-mini PCNL cases, 316 micro PCNL cases and 739 RIRS cases). The meta-analysis results between standard
PCNL vs. mini-PCNL vs. ultra-mini PCNL vs. micro-PCNL vs. RIRS are as follow: 1) mean stone sizes were 29.63, 30.38,
16.04, 13.83 and 14.4, respectively 2) stone free rates (%) were 75.63, 84.88, 86.13, 88.03 and 80.31, respectively 3)
operative times (minutes) were 77.46, 57.28, 76.08, 56.53 and 64.39, respectively 4) length of hospital stays (hours) were
165.76, 101.54, 54.73, 45.28 and 32.59, respectively 5) hemoglobin decrease rates (g/L) were 12.87, 9.85, 7.35, 8.91 and
9.38, respectively.
Conclusion: Minimally invasive PCNL have higher stone free rates in comparison to standard PCNL and RIRS. Among the
minimally invasive PCNL, mini-PCNL have the greatest flexibility in stone size ranges with comparable operative time, length
of stay and blood loss to the others. For large stones (>2 cm), mini-PCNL are superior to standard PCNL in all variable
outcomes. Future well designed multicenter randomized controlled trials are needed to support these findings.

Keywords: Percutaneous nephrolithotomy, Miniperc, Ultra-miniperc, Microperc, Retrograde intrarenal surgery, Flexible
ureteroscope, Stone surgery, Systemic review, Meta-analysis

The number of patients with renal stones
who required treatment has increased worldwide in 10
years(1). The goal of surgical stone treatment is complete
stone clearance in short procedure time with minimum
length of stay, minimum blood loss and minimum
complications. Standard surgical kidney stone
treatments are shock wave lithotripsy (SWL), retrograde
intra-renal surgery (RIRS) and percutaneous
nephrolithotomy (PCNL). PCNL has been developed
since the 1980s and primarily utilized for management
of large renal calculi(2). PCNL is now the standard

treatment for large stone >2 cm(3). Historically, standard
PCNL access sheaths are large (24 to 30 F), particularly
for treatment of large renal stones, but have concerns
around high risk of bleeding. So, smaller access sheaths
and techniques have been developed, initially in
pediatric urology(4) but with increasing use in adult
patients, due to lower risk of complications(4,5). Over
time, with the use of laser for fragmentation of stones,
access sheath has minimized from standard 30 F access
down to mini PCNL, ultra-mini PCNL and now micro
PCNL. All these are termed as ‘Minimally invasive
PCNL’. An alternative to the percutaneous approaches
is utilized by flexible ureteroscopy, also referred to as
retrograde intrarenal surgery (RIRS). Originally
proposed in the treatment of a lower pole stone
resistance to shockwave lithotripsy (SWL), some
studies have shown its utility in the management of
larger renal stones throughout the kidney(6).
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However, to our knowledge a meta-analysis
has not been done to evaluate all these stone treatment
modalities. Our goal of this study was to review and
perform a meta-analysis of the available literature on
the minimally invasive PCNL techniques in comparison
with standard PCNL and RIRS.

Material and Method
Identification/search strategy

A systematic literature review was performed
in April 2016. We searched the PubMed and Galileo
electronic databases from 2010 to April 2016 to identify
relevant studies. Searches were restricted to
publications in English and in the adult population.
Separate searches were done with the following search
terms: percutaneous nephrolithotomy, retrograde
intrarenal surgery, percutaneous lithotripsy, RIRS,
miniPCNL, micropercutaneous nephrolithtomy, ultra-
mini percutaneous nephrolithotomy and flexible
ureteroscopy. Reference lists from retrieved documents
were also searched. Computer searches were
supplemented with a manual search. Two of us (SV,
SHM) independently screened all citations and
abstracts selected by the search strategy to identify
potentially eligible studies based on Preferred Reporting
Items for Systematic Reviews and Meta-analysis criteria
(Fig. 1)(7).

Participant data sources
Study inclusion criteria were (1) patients with

renal calculi, (2) one of the populations group
undergoing minimally invasive PCNL (Mini-, Ultra-mini-
or Micro-), (3) reporting at least one of the following
outcomes (stone free rate, drop in hemoglobin,
operative time, length of hospital stay).

Data extraction
Two investigators independently extracted

data and reached consensus on all items. The analyzed
outcomes were SFR, operative time, hospitalization time,
drop in hemoglobin (Hb) levels. The level of evidence
(LE) was rated for each included study according to
the criteria provided by the Oxford Centre for Evidence-
based Medicine(8).

Statistical analysis
Data analysis was performed using Graphpad

Prism® 5.0 and Excelplot. For all eligible studies
dichotomous data are presented as the relative risk
and 95% CI. Meta-analysis was performed using fixed
and random effects methods depending on the

presence and absence, respectively, of significant
heterogeneity. Statistical heterogeneity among trials
was evaluated by the Chi-square test with the Yates
correction with significance considered at p<0.05. In
the absence of statistically significant heterogeneity,
the Fisher exact test was used to combine results.
Otherwise, the random effects method was used.
Sensitivity analysis was also performed when low
quality trials were included.

Results
Identification

The search protocol and its results are shown
in (Fig. 1). At the end, 32 eligible studies including
4,586 total cases (316 standard PCNL cases, 2,581 mini-
PCNL cases, 185 ultra-mini PCNL cases, 316 micro-PCNL
cases and 739 RIRS cases) were included in the
subsequent meta-analysis according to our predefined
selection criteria (Table 1)(9-40).

Characteristics and quality
Thirty-two studies included seven RCTs (LE:

2b), seven prospective case-controls (LE: 3b), sixteen
retrospective case-control studies (LE: 3b) and two
match-pair analysis (LE: 3b) (Table 1). Multiple tracts
were needed for stone removal in 2 studies(24,39). Table
2 showed baseline characteristic and results of included
studies.

Meta-analysis results
Baseline characteristic
Age did not differ significantly between each

Fig. 1 PRISMA flow diagram outlining the systematic
search strategy and study selection process(7).
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Study No. Ages* Stone Operative Length Stone- Imaging Hct drop*
of (yrs) size* time* of stay* free (%) (g/L)
patients (mm) (minutes) (Hours)

 Armagan et al.9

2015
Micro 68 43.6 13.7 46.2 33.8 88.2 U/S 1month 12.9
RIRS 59 49.3 14.4 60.1 23 74.5 U/S 1month 6.8
Bagcloglu et al.10

2015
Micro 63 41.53 17.7 98.5 65.28 80.9 CT 1month 9.1
RIRS 48 8.5 14.6 55.6 63.84 66.6 CT 1month 7.6
Desai et al.11 10 43.9 14.3 - 55.2 88.9 KUB 1month 14
2011Micro
Ganpule et al.12 139 38.9 12.78 50.15 56.64 91.53 U/S 1month 6.3
2015Micro
Karatag et al.13 116 38.72 12.37 49.5 33.91 92.18 CT 1month 10.1
2015Micro
Olcucuoglu et al.14 20 46.5 13 111 33.6 90 U/S 1month 12
2015Micro
Piskin et al.15 9 20.8 12.8 93.33 61.33 85 U/S 1month -
2012Micro
Tepeler et al.16

2014
Micro 10 47.2 19.9 36.5 26.4 80 CT 1month 6
PCNL 10 44.3 21.9 49 48 90 CT 1month 11.6
Tok et al.17

2015
Micro 58 45.94 13.97 43.02 37.26 86.2 U/S 1month 6.5
Mini 40 3.08 16.13 52.25 3.12 82.5 U/S 1month 13.2
Hatipoglu et al.18 140 28.67 15.07 55.76 42.24 82.14 CT 1month 8.7
2014Micro
Bhattu et al.19 318 41.91 15.26 60 67.2 98.74 U/S 1month 10.4
2015Mini
Cheng et al.20

2010
PCNL 115 40 31.01 95.98 180 80 U/S 1month 9.7
Mini 72 37.2 30.89 109.81 175.2 84.72 U/S 1month 5.3
Ganesamoni et al.21 60 39.9 17.5 58.95 - 95 U/S 1month 10.3
2013Mini
Hu et al.22 1,368 46 40.5 54 108 82 U/S 1month -
2015Mini
Mishra et al.23

2015
PCNL 28 48 12.21 31 115.2 100 KUB 1month 13
Mini 27 42.2 12.12 45.2 76.8 96 KUB 1month 8
Yuan Li et al.24

2010
PCNL 79 49 30.4 64.5 158.4 63 CT 1month 16.3
Mini 98 51.5 28.6 87.6 151.2 78 CT 1 month 8.8
Datta et al.25 94 46.5 15.91 53.6 38.18 81 CT 1month 8.1
2016 Ultra
Desai et al.26 36 48.2 14.9 59.8 72 97.2 U/S 1month 5.4
2013 Ultra

Table 2. Summary of the literature results

PCNL:standard percutaneous nephrolithotomy,  Mini: Mini PCNL, Ultra: Ultra-mini PCNL, Micro: Micro PCNL, RIRS:
retrograde intrarenal surgery, CT:Computer tomography, U/S:Ultrasound, KUB:plain kidney ureter bladder x-ray, * Mean
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Study No. Ages* Stone Operative Length Stone- Imaging Hct drop*
of (yrs) size* time* of stay* free (%) (g/L)
patients (mm) (minutes) (Hours)

Schoenthaler et al.27

2015
RIRS 30 56.3 14.4 102 48 87 U/S 1 month -
Ultra 30 54.3 15.1 121 55.2 84 U/S 1 month -
Wilhelm et al.28

2015
RIRS 25 51.36 19.2 98.52 67.2 96 CT 1 month -
Ultra 25 51.56 19.28 130.12 91.52 92 CT 1 month -
Kirac et al.29

2013
RIRS 36 37.8 10.2 66.4 24.5 94.4 U/S 1 month 41
Mini 37 41.02 10.5 53.7 42.6 97.2 U/S 1 month 5.1
Kiremit et al.30

2015
RIRS 201 44.3 14.15 89.6 - 86.1 KUB 1 month -
Micro 89 40.1 13.37 46.3 - 88.8 U/S 1 month -
Mini 110 25.05 16.81 55 - 83.6 KUB 1 month -
SWL 535 44.43 14.44 - - 77.2 KUB 1 month -
Kruck et al.31

2013
RIRS 108 50.0 6.8 - 55.2 77.8 - -
Mini 172 53.3 12.6 - 108 79.7 - -
SWL 202 50.9 7.5 - 52.8 58.4 - -
Kumar et al.32

2015
RIRS 43 33.4 13.1 47.5 31.2 86.1 CT 3 month -
Mini 41 33.7 13.3 61.1 74.4 95.1 CT 3 month -
SWL 42 33.1 13.2 43.6 - 73.8 CT 3 month -
Lee et al.33

2015
RIRS 33 55.8 28.9 99.6 36 97 CT 3 month 3.8
Mini 35 59.3 39.1 76.1 38.4 85.7 CT 3 month 6.9
Pan et al.34

2013
RIRS 56 49.32 22.28 73.07 46.8 71.4 CT 1 month 4.9
Mini 59 49.37 22.37 62.39 107.28 96.6 CT 1 month 12.8
Ramon et al.35

2014
RIRS 12 51.0 11.4 120 24 95 CT 3 month -
Micro 8 53.5 13.78 120 36 96.9 CT 3 month -
Sabnis et al.36

2013
RIRS 35 43.7 10.4 47.1 49 94.3 KUB 3 month 5.6
Micro 35 38.6 11 51.6 57 97.1 KUB 3 month 9.6
Zeng et al.37

2015
RIRS 53 48.47 18.22 55.38 48 43.4 KUB 3month 9.3
Mini 53 53.04 18.15 43.79 144 71.7 KUB 3month 10.8

PCNL:standard percutaneous nephrolithotomy,  Mini: Mini PCNL, Ultra: Ultra-mini PCNL, Micro: Micro PCNL, RIRS:
retrograde intrarenal surgery, CT:Computer tomography, U/S:Ultrasound, KUB:plain kidney ureter bladder x-ray, * Mean

Table 2. Cont.
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Study No. Ages* Stone Operative Length Stone- Imaging Hct drop*
of (yrs) size* time* of stay* free (%) (g/L)
patients (mm) (minutes) (Hours)

Knoll et al.38

2010
PCN 25 48 22 49 165.6 92 U/S 1 day -
LMini 25 52 18 59 91.2 96 U/S 1 day -
Zhong et al.39

2011
Mini 29 41 34.2 116 235.2 89.7 KUB 1 day 10.6
PCNL 25 38 32.8 103 170.4 68 KUB 1 day 11.6
Xu et al.40

2014
PCNL 34 45.3 41.4 121.1 223.2 79.4 U/S 1 day 9.6
Mini 37 50.3 33.4 126.4 235.2 78.4 U/S 1 day 7.4

Table 2. Conte. Summary of the literature results

PCNL:standard percutaneous nephrolithotomy,  Mini: Mini PCNL, Ultra: Ultra-mini PCNL, Micro: Micro PCNL, RIRS:
retrograde intrarenal surgery, CT:Computer tomography, U/S:Ultrasound, KUB:plain kidney ureter bladder x-ray, * Mean

technique. The mean stone size (mm) between standard
PCNL, mini-PCNL, ultra-mini PCNL, micro-PCNL
and RIRS were 29.63, 30.38, 16.04, 13.83 and 14.4,
respectively (Table 3, Fig. 2).

Stone free rate
The stone free rates between standard PCNL,

mini-PCNL, ultra-mini PCNL, micro-PCNL and RIRS were
75.03, 84.88, 86.13, 88.03 and 80.31, respectively. Stone
free rates among minimally invasive techniques were
significantly higher statistically compared to PCNL and
RIRS, p<0.05. However minimally invasive techniques
did not differ statistically among themselves, p>0.61
(Table 3, Fig. 3).

Operative time
Operative time is not statistically significant

Techniques No. of Ages Mean stone Operative LOS Stone Hb drop
patients size(mm) time (mins) (hours) free (%) (g/L)

PCNL 388 45 29.63 77.46 165.76 75.03 12.87
Mini 2,674 45.2 30.38 57.28 101.54 84.88 9.85
Ultra-mini 185 48.8 16.04 76.08 54.73 86.13 7.35
Micro 765 38.6 13.83 56.52 45.28 88.03 8.91
RIRS 739 46.2 14.4 64.39 32.59 80.31 9.38

PCNL:standard percutaneous nephrolithotomy, Mini: Mini PCNL, Ultra: Ultra-mini PCNL, Micro: Micro PCNL, RIRS:
retrograde intrarenal surgery, LOS:Length of stay, Hb:hemoglobin drop

Table 3. Summary of the meta-analysis results

between each technique. The operative times (minutes)
between standard PCNL, mini-PCNL, ultra-mini PCNL,
micro-PCNL and RIRS were 77.46, 57.28, 76.08, 56.52
and 64.39 respectively (Table 3, Fig. 4).

Length of hospital stay
Length of hospital stay is not statistically

significant between each technique. The length of
hospital stay (hours) between standard PCNL, mini-
PCNL, ultra-mini PCNL, micro-PCNL and RIRS were
165.76, 101.54, 54.73, 45.28 and 32.59, respectively (Table
3, Fig. 5).

Blood loss (hemoglobin decrease)
Blood loss is not statistically significant

between each technique. Hemoglobin decreases (g/L)
among standard PCNL, mini-PCNL, ultra-mini PCNL,
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Fig. 2 Mean stone size comparison.

Fig. 3 Stone free rate comparison. Asterisk denotes
statistical significance compared to un-bracketed
techniques.

Fig. 4 Operative time comparison.

Fig. 5 Length of stay comparison.

Fig. 6 Hemoglobin decrease comparison.

micro-PCNL and RIRS were 12.87, 9.85, 7.35, 8.91 and
9.38, respectively (Table 3, Fig. 6).

Discussion
This meta-analysis suggests that minimally

invasive PCNL (mini-, ultra-mini-, micro-) are superior
to standard PCNL and RIRS based on the findings that
the stone free rate is higher in the minimally invasive
PCNL (Fig. 3). Minimally invasive PCNL also has less
blood loss and length of hospital stays than standard
PCNL (Fig. 5, 6). Although the operative time definitions
are variety in the studies, the operative time is
comparable between minimally invasive PCNL, standard
PCNL and RIRS (Fig. 4).

Among minimally invasive PCNL group, mini-
PCNL is the best one with the greatest flexibility. From
this present study, although their mean stone size is
two fold larger than in another minimally invasive PCNL,
their stone free rate is high comparable with another
minimally invasive PCNL. Their operative time and
blood loss are also not significantly different to another
minimally invasive PCNL.

Both mini-PCNL and standard PCNL have very

large mean stone sizes (29.63 vs. 30.38 mm). Compared
with these two techniques for large stone sizes (>2
cm), mini-PCNLs have better outcomes in all aspects;
stone free rates (88.03 vs. 75.03%), operative times
(57.28 vs. 77.46 minutes), length of stays (101.54 vs.
165.76 hours) and blood loss (9.85 vs. 12.87 g/L).

The previous studies reported that the
operative time in minimally invasive PCNL is longer
than in standard PCNL(20,23,24). Conversely, the present
study results showed that the operative time in mini-
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PCNL is shorter than in standard PCNL (Fig. 4).
PCNL is the kidney stone removal technique

that has been in use since 1980s(2). Standard PCNL
(sheath size 24 to 30 Fr) has an indication to utilize in
large stone (>2 cm)(3). The advantages of standard
PCNL are large working channel, good irrigation system
and able to remove large stone fragment. The
disadvantages are bleeding and high blood transfusion
risk because the sheath size is large(41). Due to this
disadvantage of standard PCNL, in the 2000s, mini-
PCNL (sheath size 16 to 20 Fr) was invented. Because
the sheath size is less than 20Fr, the bleeding and
complication rate of mini-PCNL are less than standard
PCNL. Afterward, the smaller sheath size, ultra-mini
PCNL (sheath size 11 to 14 Fr) and micro PCNL (4.8 Fr)
was invented. The very small sheath size has both
advantages and disadvantages. The advantages are
less bleeding, less pain and less length of stay. The
disadvantages are very small working channel, poor
vision field due to limit irrigation system and unable to
remove stone fragment. RIRS for stone treatment has
been first utilized in the 1990s(42). Due to the
technological advances in the field of flexible
ureteroscope, endoscopic basket devices and
endoscopic lithotrites in the last decade, Many
publications reported successful stone treatment in
large stones(34). The advantages of RIRS are
insignificant blood loss and no external wound. Table
4 showed terminology, cost, advantages, limitations
and fragmentation devices in comparison between each
technique.

The advantages of minimally invasive
stone removal procedures (mini-PCNL, ultra
mini-PCNL, micro-PCNL) over non-minimally
invasive procedures (RIRS, standard PCNL) in regards
to stone-free rates has been validated in several
studies(10,20,24,29,32,34,36,39,43,37). In 2010, two randomized
prospective studies involving more than 380 patients
demonstrated increased stone-free rates in patients
receiving mini-PCNL when compared to standard
PCNL(20,24). More recently, two additional studies
involving more than 230 patients have demonstrated a
significant stone-free rate advantage in patients
receiving micro-PCNL when compared to RIRS(10,43).
Lastly, three studies involving more than 500 patients
demonstrated significantly increased stone-free rates
in patients receiving mini-PCNL when compared to
RIRS(31,34,37). The patient populations represented in
the aforementioned studies make up a large majority of
the reported data comparing minimally invasive vs. non-
minimally invasive stone removal procedures. When Te
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minimally invasive PCNL has better outcome in
comparison to standard PCNL and RIRS. Among the
minimally invasive PCNL, mini-PCNL has the greatest
flexibility in stone size ranges with comparable outcomes
to the others. For large stones (>2 cm), mini-PCNL are
superior to standard PCNL in all variable outcome.
Future well designed multicenter randomized controlled
trials are needed to be conducted to support our
findings.

What is already known on this topic?
Standard PCNL and RIRS are known to be the

standard treatment for kidney stone. Minimally
invasive PCNL is the new modalities for renal stone
treatment. However, there are no meta-analytical studies
which compare minimally invasive PCNL with standard
PCNL and RIRS.

What this study adds?
Minimally invasive PCNL has better outcome

in comparison with standard PCNL and RIRS.  Among
the minimally invasive PCNL, mini-PCNL has the
greatest flexibility in stone size range with comparable
outcome to the others. For large stones (>2 cm), mini-
PCNL are superior to standard PCNL in all variable
outcome.

Potential conflicts of interest
None.
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