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Management of large renal stones:
laparoscopic pyelolithotomy versus
percutaneous nephrolithotomy
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Abstract

Background: Percutaneous nephrolithotomy (PCNL) remains the standard procedure for large (22 cm) renal calculi;
however, laparoscopic pyelolithotomy (LPL) can be used as an alternative management procedure. The aim of
present study was to compare LPL and PCNL in terms of efficacy and safety for the management of large renal
pelvic stones.

Methods: A literature search was performed in Jan 2016 using electronic databases (Cochrane Central Register of
Controlled Trials, Medline, and EMBASE) to identify relevant studies for the meta-analysis. Only comparative studies
investigating LPL versus PCNL were included. Effect sizes were estimated by pooled odds ratio (ORs) and mean
differences (MDs) with 95% confidence intervals (Cls).

Results: Five randomized and nine non-randomized studies were identified for analysis, involving a total of 901
patients. Compared with PCNL, LPL provided a significantly higher stone-free rate (OR 3.94, 95% Cl 2.06-7.55, P < O.
001), lower blood transfusion rate (OR 0.28, 95% Cl 0.13-0.61, P = 0.001), lower bleeding rate (OR 0.20, 95% Cl 0.06—
061, P = 0.005), fewer hemoglobin decrease(MD -0.80, 95% Cl -0.97 to —0.63, P < 0.001), less postoperative fever (OR
0.38, 95% Cl 0.21-0.68; P = 0.001), and lower auxiliary procedure rate (OR 0.24, 95% Cl 0.12-0.46, P < 0.001) and re-
treatment rate (OR 0.20, 95% Cl 0.07-0.55, P = 0.002). However, LPL had a longer operative time and hospital stay.

There were no significant differences in conversion to open surgery and prolonged urine leakage rates between

LPL and PCNL.

Conclusions: Our present findings suggest that LPL is a safe and effective approach for management of patients
with large renal stones. However, PCNL still suitable for most cases and LPL can be used as an alternative

management procedure with good selection of cases.
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Background

Percutaneous nephrolithotomy (PCNL) currently re-
mains the first-line treatment for large or complex renal
stones. Although it is a minimally invasive procedure
with higher stone-free rate (SFR), there are still serious
complications [1], such as bleeding and postoperative
sepsis. Size of the stone was directly correlating with the
overall incidence of complications after PCNL [2].
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Therefore, treatment of large renal stones is still a chal-
lenging problem in urology.

The ideal procedure for large or complex renal stones
would be the one that achieve complete stone free status
with minimal morbidity and with the least number of
procedures. The traditional standard procedure was
open nephrolithotomy, which evolved into PCNL or
retrograde intrarenal surgery [3]. With the recent devel-
opment of technique in laparoscopic surgery, laparo-
scopic pyelolithotomy (LPL) has been frequently
considered as an alternative procedure in the manage-
ment of large or complex renal stones to PCNL or open
surgery [4]. There are some advantages to LPL, the first
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and most obvious advantage is that most of the stones can
be removed integrally, in the next place, including the
ability to minimize bleeding, lessen pain, and lower mor-
bidity. Despite the potential advantages, its rare usage.

One prior meta-analysis [4] evaluated the efficacy and
safety of LPL and PCNL in treating large renal stones
and found that PCNL and LPL were effective and safe
for managing this condition, but also found that LPL
seems to be more advantageous. Recently, several add-
itional clinical trials have been reported that compared
PCNL and LPL for removal of large renal stones. There-
fore, we perform an update meta-analysis to compare
LPL and PCNL in terms of efficacy and safety for the
management of large renal pelvic stones.

Methods

Literature search and article selection

An electronic search was performed in Jan 2016 using
Medline, EMBASE, and the Cochrane Collaboration Cen-
tral Register of Controlled Clinical Trials databases to
identify relevant studies, using words related to percutan-
eous nephrolithotomy, laparoscopic pyelolithotomy, and
renal calculi in all fields. Searches were restricted by Eng-
lish and in adult population. We also reviewed all the ref-
erences of relevant articles, and recent reviews.

For studies to be included, they had to meet the follow-
ing criteria: (1) patients with a large renal calculi (>2 cm);
(2) the comparison of LPL with PCNL;(3) report on at
least one outcome or the data would allow the calculation;
and (4) randomized controlled trial (RCT), quasi random-
ized controlled study, or case-control study(CCS). The
most recent or complete report was used for multiple re-
ports describing the same population. For example, when
full article and conference abstract describing the same
population, the former would be included. The final selec-
tion of the included studies was achieved through a con-
sensus meeting of the reviewers.

Data extraction and quality assessment

Two authors independently confirmed study eligibility
and extracted data. Any discrepancies were resolved by
discussion. The following variables were extracted from
each eligible study: characteristics, interventions, and
outcome measures. Our outcomes were the SFR at
12 weeks after the procedure, auxiliary procedures rate,
operative time, drop in hemoglobin level, length of stay,
complication rate, blood transfusion rate, and postopera-
tive fever. The methodological quality of the studies was
assessed using the Newcastle-Ottawa Scale (NOS) for
non-RCTs [5] and the Jadad scale for RCTs [6].

Data synthesis and analysis
Data analysis was performed with Review Manager ver-
sion 5.1(Cochrane Collaboration, Oxford, UK). Odds
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ratio (OR) was applied in dichotomous outcomes, and
mean difference (MD) was used for the continuous vari-
ables. Respective 95% confidence intervals (CI) were cal-
culated for each estimate. For studies presenting
continuous data as means and range, standard deviations
were calculated using the methodology described by
Hozo and colleagues [7]. Pooled estimates were calcu-
lated with the fixed-effect model if no significant hetero-
geneity was detected; otherwise, the random-effect
model was used. We assessed statistical heterogeneity
among studies using the chi-square test and the degree
of inconsistency (I%). The pooled effects of OR/MD were
determined by the z test, and P < 0.05 was considered to
be statistically significant. Publication bias was evaluated
by using a funnel plot.

Results

Study characteristics

The present study met the PRISMA statement (Additional
file 1). The search identified 657 records, which were
doubly screened. After study assessment, we identified 14
studies [8-21] fulfilled inclusion criteria (Fig. 1), 11
publications were full articles and three were conference
abstracts [12, 13, 16]. Baseline characteristics and inter-
vention protocols are summarized in Table 1. There were
901 patients involved in the 14 studies: 432 underwent
LPL and 469 PCNL. Baseline information of study popula-
tions was comparable between LPL and PCNL groups.
The types of imaging used in the studies included kidney-

657 records identified through
database searching

Records after duplicates
removed(n=327)

Records
excluded(n=302

Records screened(n=327) ’

Recaords
excluded with
reasons (n=11)

Full-text articles assessed for
eligibility(n=25)

Studies included in
meta-analysis(n=14)

Fig. 1 Flowchart of the studies selection process
- J
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Table 1 The basic characteristic of included studies
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Study/year Study  Study Surgical ~ Sample Age (year) Staghorn(%)  Stone f Stone burden Study
design  period approach  size (mean+SD) eature (mean £SD) quality

Goel 2003 [11] Ccs 1995-2003 RLP 16 389(21-60)  NA Solitary, Pelvis 3.6 cm(3.2-4.5) 57
PCNL 12 41.4(20-62) NA 4.1 cm(3.5-5.2)

Al-Hunayan 2011 [8]  RCT 2002-2010 RLP 55 412 +117 NA Solitary, Pelvis 24+ 04 cm 3P
PCNL 50 389+ 119 NA 25+ 04 cm

Perlin 2011 [12] [ 2009-2011 RLP 5 - NA Solitary, Pelvis >23cm 52
PCNL 20 - NA >23 cm

Tefekli 2012 [9] CCs 2006-2009 RLP 26 365+ 111 NA Solitary, Pelvis >4 cm? 6°
PCNL 26 371£100  NA >4 cm?

Aminsharifi 2013 [10] CCS 2009-2012  RLP 30 438 £ 150 NA Solitary, Pelvis 353+ 073 cm 59
PCNL 30 453 £ 148 NA 366+ 0.7 cm

Singh 2014 [14] RCT 2010-2012 RLP 22 4555+ 1422 NA Solitary, Pelvis >3cm 3P
PCNL 22 4495+ 1381 NA >3 .cm

Fawzi 2015 [13] RCT 2012-2014 RLP 30 424 + 121 NA Solitary, Pelvis 32+06cm 2
PCNL 30 446 £ 114 NA 34+05cm

Basiri 2014 [15] RCT 2009-2012  TLP 30 385+ 159 40 Pelvis 3.6 (28-44)cm 30
PCNL 30 421 £143 30 33 (27-4.2)cm

Gaur 2001 [21] Cccs - RLP 42 39.12(8-65) 0 Multiple, Pelvis and calyx  2.0(1.0-4.8)cm 42
PCNL 47 344 0 2.9(2.0-3.8)cm

Lee 2014 [19] Cccs 2004-2011  TLP 45 560+ 13.7 44 Multiple, Pelvis and calyx 4.93 + 3.03 cm 6°
PCNL 39 543 £ 130 28 463 £ 1.65cm

Meria 2005 [17] Cccs 1999-2004 TLP 16 42 (21-63) NA Solitary, Pelvis 2.5 (2.0-3.3)cm 5°
PCNL 16 45 (24-69) NA 2.6 (20-4.0)cm

Li 2014 18] RCT 2009-2013  RLP 89 5563 £1098 17 Pelvis 293 £1.02 cm 30
PCNL 89 5315+ 1154 19 3.0+ 096 cm

Tepeler 2009 [16] Ccs 2006-2008 RLP 16 412+ 168 NA Pelvis 882 +32cm2 3
PCNL 16 4386+ 1411 NA 849 £ 26 cm2

Haggag 2013 [20] Cccs 2009-2012  RLP 10 388+ 1217  NA Pelvis 6.5+ 120 cm2 4
PCNL 42 4203 £ 1317 NA 419 £ 203 cm2

RCT randomized controlled trial, CCS case controlled study, PCNL percutaneous nephrolithotomy, NA not available, RLP retroperitoneal laparoscopic

pyelolithotomy, TLP transperitoneal laparoscopic pyelolithotomy
@ Using Newcastle-Ottawa Scale (score from 0 to 9)
b Using Jadad scale (score from 0 to 5)

ureter-bladder X-ray, ultrasonography, computer tomog-
raphy, fluoroscopy, and nephrostogram. There are five
RCTs [8, 13-15, 18], which information on method of
randomization and allocation concealment was absent or
unclear. The methodological quality of included studies
was relatively high for four of the CCSs and medium for
four RCTs and six CCSs, whereas relatively low were
found to be of two studies (Table 1).

Meta-analysis outcomes

SFR

Two studies [16, 19] were not included in this meta-
analysis as they did not assess patients’ SFR at 3 months
after treatment. The pooled analysis of 12 studies showed

that the SFR in the LPL and PCNL group was 97.57% (362/
371) and 87.92% (364/414), respectively, and this difference
was obvious (OR 3.94, 95% CI 2.06-7.55, P < 0.001) (Fig. 2).
There was no evidence of statistical heterogeneity between
studies as assessed by the Q statistic (Chi® = 6.95; I = 0%).

Auxiliary procedures and retreatment rate

LPL provided a significantly lower auxiliary procedures
rate (OR 0.24, 95% CI 0.12-0.46, P < 0.001) (Fig. 3a) and
lower re-treatment rate compared with PCNL (OR 0.20,
95% CI 0.07-0.55, P = 0.002) (Fig. 3b). The pooled ana-
lysis showed that the extracorporeal shockwave litho-
tripsy rate in the LPL and PCNL group was 6.54% and
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LPL PCNL 0Odds Ratio Odds Ratio
or S i ot Of ight H. Fixed, 95%

Al-Hunayan 2011 55 55 48 50 4.0% 572[0.27,122.12) —

Aminsharifi 2013 0 30 23 30 33% 19.47[1.06, 358.38)

Basiri 2014 27 30 26 30 228%  1.38[0.28, 6.80] ——

Fawzi 2015 0 30 27 30 39% 7.76[0.38, 157.14) -

Gaur 2001 2 4 39 47 38% 18.29[1.02, 327.44) —

Goel 2003 16 16 12 12 Not estimable

Haggag 2013 8 10 33 42 223%  1.09[0.20, 6.07) S

Li2014 87 89 80 89 158%  4.89[1.03,23.33] —

Meria 2005 14 16 13 16 143%  1.62(0.23, 11.26] —

Perlin 2011 5 5 18 20 60% 1.49(0.08,35.82] —_—

Singh 2014 2 2 2 2 Not estimable

Tefekli 2012 % 26 23 26 38% 7.89(0.39, 160.91] -

Total (95% CI) an 414 100.0%  3.83[2.00,7.33) <

Total events 362 364 . . ) )
. ; ! t : i

Heterogeneity: Chi* = 7.64, df = 9 (P = 0.57); I = 0% —— T T SR —.

Test for overall effect: Z = 4.05 (P < 0.0001)

Fig. 2 Forest plot comparing stone-free rates between two groups at 3 months after treatment. LPL, laparoscopic pyelolithotomy; PCNL,

percutaneous nephrolithotomy
A

Favours PCNL Favours LPL

LPL PCNL

a Study or Subgro: \nt: 0 Nt 0
Aminsharifi 2013 0 30 7 30
Basiri 2014 3 30 4 30
Gaur 2001 0 42 6 47
Haggag 2013 2 10 9 42
Lee 2014 4 45 14 39
Li2014 0o 89 2 89
Meria 2005 118 2 16
Singh 2014 1 2 8 22
Total (95% CI) 284 315
Total events " 50

Heterogeneity: Chi* = 6.75, df = 7 (P = 0.46); I = 0%
Test for overall effect: Z = 4.27 (P < 0.0001)

b LPL PCNL
Aminsharifi 2013 0 30 4 30
Basiri 2014 0 30 2 30
Gaur 2001 0 42 6 47
Haggag 2013 0o 10 1 4
Loe 2014 0 45 2 39
Li 2014 0 89 2 89
Meria 2005 116 1 186
Singh 2014 0 22 2 2
Total (95% CI) 284 315
Total events 1 20

Heterogeneity: Chi* = 3.18, df = 7 (P = 0.87); I = 0%
Test for overall effect: Z = 3.09 (P = 0.002)

LPL PCNL
C  study or Subarous s To s To

Aminsharifi 2013 0 30 3 30
Basiri 2014 3 30 4 30
Haggag 2013 2 10 8 42
Lee 2014 4 45 12 39
Meria 2005 0o 16 2 18
Singh 2014 1 22 4 22
Total (95% CI) 153 179
Total events 10 33

Heterogeneity: Chi* = 3.73, df = 5 (P = 0.59); I* = 0%
Test for overall effect: Z = 2.87 (P = 0.004)

Fig. 3 Forest plot of LPL versus PCNL: a auxiliary procedures rate, b re-treatment rate, ¢ extracorporeal shockwave lithotripsy rate. LPL, laparo-

scopic pyelolithotomy; PCNL, percutaneous nephrolithotomy
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18.44%, respectively, and this difference was obvious
(OR 0.34, 95% CI 0.17-0.71, P = 0.004) (Fig. 3c).

Hemorrhagic complications

The parameters assessed were postoperative hemoglobin
drop, bleeding, and blood transfusion. LPL provided a
significantly lower blood transfusion rate (OR 0.28, 95%
CI 0.13-0.61, P = 0.001) (Fig. 4a), lower bleeding rate
(OR 0.20, 95% CI 0.06-0.61, P = 0.005) (Fig. 4b), and
fewer hemoglobin decrease (MD -0.80, 95% CI -0.97 to
-0.63, P < 0.001) (Fig. 4c).

Postoperative fever and sepsis

There were seven studies comprising 596 patients in-
cluded in the meta-analysis for postoperative fever. We
found that the incidence of postoperative fever was
lower in the LPL group than in the PCNL group (OR
0.38, 95% CI 0.21-0.68, P = 0.001) (Fig. 5a) with no het-
erogeneity between studies (I*> = 0%). None of patients
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from the included studies encountered sepsis or septic
shock after the both procedures.

Conversion rate and prolonged urine leakage

There was no significant difference between the LPL
and PCNL groups in terms of conversion rate (OR 1.35,
95% CI 0.65-2.81, P = 0.42) (Fig. 5b) and the incidence
of prolonged urine leakage (OR 1.06, 95% CI 0.49-2.30,
P = 0.88) (Fig. 5¢). The reasons of conversion to open
surgery included injury of renal vein [15] and periton-
eum [21], uncontrolled bleeding [8, 18], stone migration
into the calyx [11], and perirenal adhesions [11, 16, 17].

Operative time and hospital stay

Operative time was reported in all included studies.
Heterogeneity was observed in the pooled analysis
(Chi® = 250.73; I? = 95%). Meta-analysis of data showed
that PCNL had significantly shorter operative time than
LPL (random-effect model; MD 32.86, 95% CI 12.85-52.86,

Test for overall effect: Z = 2.83 (P = 0.005)

Heterogeneity: Ch = 9,03, df = 7 (P = 0.25); P = 22%
Test for overall effect: Z = 9.04 (P < 0.00001)

percutaneous nephrolithotomy

LPL PCNL Odds Ratio Odds Ratio
Q _study or Subgroup _ Events Tg s To ght _M-H, Fixed, 95%

A-Hunayan 201 3 55 3 50 104% 090[0.17,470] -

Aminsharif 2013 1 30 2 30 68% 048004563 —t—

Basii 2014 130 4 30 136% 022(002.21) T

Fawzi 2015 0 3 3 30 121% 013001261 ———

Gaur 2001 0 42 6 47 213% 008[000,138 —

Haggag 2013 0 10 2 42 34% 0770031732 —

Leo 2014 0O 45 4 39 167% 009[000,165 — T

Li2014 O 8 1 8 52% 033[001,8200 —

Meria 2005 O 16 1 16 51% 031001828 ———

Tefeki 2012 0 26 1 26 52% 0320001824 —

Total (95% CI) a3 309 1000%  0.28[0.13,061) <>

Total events 5 27 . . . :
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Li 2014 0 89 3 89 183%  0.14[001,271] — " [

Meria 2005 0o 186 3 16 178%  012[001,247) —

Perlin 2011 0o 5 1 20 32% 1.18[0.04, 33.27] ——
Tefekli 2012 0 26 1 26 77%  0.32[0.01,824) ——

Total (95% Cl) 218 270 100.0%  0.20 [0.06, 0.61) -

Total events 0 18

Heterogeneity: Chi* = 3.1, df = 6 (P = 0.79); I = 0% (:).005 °f1 t %0 200

LPL PCNL
C _Study orSubgroup  Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl
Tepeler 2009 307 386 16 608 451 16
Meria 2005 06 1.16 16 18 1.72 16
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Fawzi 2015 1.1 056 30 18 12 30
Basir 2014 085 05 30 188 12 30
Aminsharifi 2013 138 088 30 176 094 30
L2014 09 05 1.7 13 89
Total (95% CI) 282 276

Fig. 4 Forest plot of LPL versus PCNL: a blood transfusion rate, b bleeding rate, ¢ hemoglobin decrease. LPL, laparoscopic pyelolithotomy; PCNL,

Favours LPL Favours PCNL

Mean Difference
4, 95% Cl

04% -3.01(-5.92,-0.10]
29% -1.20(-2.22,-0.18]
6.7% -1.26-1.93,-0.59]
12.9% -0.72[-1.20, -0.24]
134% -0.70[-1.17,-0.23]
13.9% -1.03 [-1.50, -0.56]
14.1% -0.38 [-0.84, 0.08]
35.8% -0.80 [-1.09,-0.51)]

B '4"14{{E

100.0% -0.80 [-0.97, -0.63]

4 2 0 2 4
Favours LPL Favours PCNL




Bai et al. BMC Urology (2017)17:75

Page 6 of 9

Test for overall effect: Z = 0.15 (P = 0.88)

Fig. 5 Forest plot of LPL versus PCNL: a postoperative fever, b conversi

PCNL, percutaneous nephrolithotomy
.
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on rate, ¢ prolonged urine leakage. LPL, laparoscopic pyelolithotomy;

P = 0.001). Sensitivity analysis was performed by sequen-
tially removing each study, whereas this substantively did
not affect the result. This result indicated that the meta-
analysis was not influenced by any one study.

Thirteen studies reported the length of hospital. The re-
sults of meta-analysis of these studies indicated a benefit of
shorter length of hospital stay in the PCNL group (ran-
dom-effect model; MD 0.33, CI 95% -0.24 to 0.89,
P = 0.002) with significant heterogeneity between studies
(Chi® = 87.37; I = 86%). We could not identify any plaus-
ible cause by sensitivity analysis.

Subgroup analyses
The subgroup analyses suggested that the results of this
meta-analysis were relatively stable. When the studies

included patients with intra-renal pelvis and multiple
stones (>2) were removed [15, 16, 18-21], most of the
outcomes including SFR (OR 5.10, 95% CI 1.79-14.51,
P = 0.002, I = 0%), auxiliary procedures rate (OR 0.13,
95% CI 0.03-0.52, P = 0.004, I* = 0%), conversion rate
(OR 2.82, 95% CI 0.70-11.46, P = 0.15, I* = 0%), the in-
cidence of prolonged urine leakage (OR 1.27, 95% CI
0.45-3.61, P = 0.65, 1> = 4%), level of hemoglobin
decrease(MD -0.71, 95% CI -0.90 to -0.51, P < 0.0001,
I = 0%), bleeding rate (OR 0.23, 95% CI 0.05-1.05,
P = 0.06, I = 0%), blood transfusion rate(OR 0.44, 95%
CI 0.16-1.26, P = 0.13, I> = 0%), postoperative fever rate
(OR 0.31, 95% CI 0.11-0.87, P = 0.03, I> = 0%), operative
time (random-effect model; MD 39.39, 95% CI 21.33-57.45,
P < 00001, I* = 87%), and hospital stay (random-effect
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model; MD 0.74, CI 95% 0.29-1.18, P = 0.001, I* = 44%)
were not greatly affected.

Publication bias analyses

We analyzed possible publication bias by generating fun-
nel plots of the studies used for all of the evaluated com-
parisons of outcomes. No significant publication bias
was observed in the above-mentioned analyses.

Discussion

One previous meta-analysis [4] included seven studies
with 176 patients underwent LPL and 187 PCNL,
showed equivalency for conversion rate, blood transfu-
sion, prolonged urine leakage, and found higher SFR and
lower incidence of bleeding and postoperative fever in
the LPL group than PCNL group. In addition, the results
of the previous study showed that operative time and
length of hospital stay were shorter in the PCNL group,
drop in hemoglobin level was fewer in the LPL group. In
present study, we included 14 studies involving 432 pa-
tients underwent LPL and 469 PCNL, and found similar
results from the previous meta-analysis regarding SFR,
conversion rate, operative time, length of hospital stay,
hemoglobin decrease, and postoperative fever. However,
in term of blood transfusion rate, we found that there
was a significantly lower blood transfusion rate in the
LPL group than in the PCNL group, which was different
to the previous meta-analysis result. We also found that
LPL provided a significantly lower auxiliary procedures
and re-treatment rate. The main reason for this differ-
ence might be due to the different sample sizes between
previous and present studies, which also was the reason
of our performed the present study.

Although the SFR was assessed in a different way in
each study, the result revealed LPL provided a statisti-
cally higher SFR at 3 months after treatment than
PCNL, regardless of the definition. The reason may be
that most of the stones can be removed integrally in
LPL. In the PCNL group, disintegration of the stone
may have left some residual stones which can form nu-
clei for stone recurrence, and the scattering of stone
fragments may reduce success rates, which associated
with a significantly higher auxiliary procedures and re-
treatment rate than LPL. Currently, PCNL is the recom-
mended treatment option for patients with staghorn cal-
culi. However, SER after PCNL for staghorn calculi only
ranges between 49 and 78% [22]. It is noteworthy that
LPL can be considered an alternative and feasible tech-
nique to PCNL for patients with complex and large renal
stones. Gandhi et al. [23] reported the 49 patients with
staghorn stones (>3-4 cm) underwent LPL, the mean
SFR in one session was 90% with lower complications,
no blood transfusion and only two patients had urine
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leak (Clavien-Dindo grade IIla). However, the leak
stopped after 10 days in both patients.

Our results showed that operative time was signifi-
cantly shorter for PCNL than LPL. As known to all, the
operative time is directly related with many variables
such as the types of approach, surgeon’s experience, in-
dividual differences of patients, and the different equip-
ment used. In LPL procedure, closure of the pyelotomy
incision requires advanced laparoscopic skills. Some-
times, delicate renal pelvis tissues, always caused by
long-term chronic inflammation, brings many challenges
for the closure of the pyelotomy incision [17] and pro-
longs the operative time. The longer time of LPL was
usually related to the long learning curve as well as the
time needed for intracorporeal suturing and delivery of
the stone into the endobag [8]. However, Li et al. [18]
randomized 178 patients with large renal pelvis stones
into two groups found the mean operative time was sig-
nificantly shorter in the LPL than PCNL, which is likely
due to stones in LPL can be removed integrally. Indeed,
retrieve stones is one of the major limitations of LPL.
Lee et al. [19] used a flexible nephroscope to overcome
this difficulty which enable easier approach. With the
development of robot technology in urology, this inter-
face maybe will improve the limits of tissue dissection,
stone extraction during laparoscopy, intracorporeal re-
construction, and suturing, thereby having the potential
to improve the outcomes and flattening the learning
curve. However, much less is known about the relative
outcomes and costs in robot-assisted pyelolithotomy,
which is a major consideration in robotic surgery.

Although LPL have a longer operation time, this may
be compensated by the lower complication and higher
SER. Postoperative fever secondary to an urinary tract
infection (UTI) in patients with PCNL ranges between
2.8 and 32.1% [1]. Kidney stones are foreign bodies of
the urinary tract and can allow bacteria to grow onto
them and then become a reservoir for bacteria. They are
disintegrated, bacteria are released from the stone into
the collecting system, which tends to result in bacteri-
uria, bacteremia, and clinical UTI. Recently study dem-
onstrated residual stone is a major contributing factor
for the development of fever after tubeless PCNL [24].
This finding may translate into a clinical benefit for the
patients in that stones removed integrally or the higher
SER of the LPL was associated to lower incidence of
postoperative fever. Septic shock, the incidence after
PCNL was 2.4% [25], is one of the most dangerous com-
plications after lithotomy due to it can lead to significant
mortality. The risk factors for septic shock includes posi-
tive urine culture, female gender, renal insufficiency, dia-
betes mellitus, high pressure of irrigation fluid during
PCNL, staghorn calculus, infected stones, indwelling
catheters, obstruction, and duration of the operation (>
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90 min) [25, 26]. Positively, strict control of blood glucose
and pre-operation antibiotics used could reduce the possi-
bility of post-PCNL septic shock. Early recognition and
timely comprehensive treatment of septic shock may de-
crease the mortality. In addition, infective or septic com-
plications may be associated with laparoscopic approach.
Transperitoneal approach could be more at risk about it
due to this approach might lead to increase the interfer-
ence of the abdominal organs, postoperative intra-
abdominal infection, and the possibility of adhesions. Fur-
ther prospective randomized controlled trials are needed
to determine which approach should be favored.

Although LPL appears to be more invasive because
three or four trocar punctures are needed compared
with PCNL in which only a single percutaneous access
was made, PCNL make renal parenchymal more suscep-
tible to injury with it tends to result in various complica-
tions, such as nephron damage and bleeding. Bleeding
after PCNL is common, which leads to a more frequent
use of blood transfusion, according to previous reports,
1-12% of patients require [1]. With increasing stone
burden, patients with PCNL, not only SFR decreased,
but also the risk of blood transfusion increased [2]. Risk
factors for severe bleeding were upper pole access, soli-
tary kidney, staghorn stone, multiple punctures and in-
experienced surgeon [27]. Therefore, PCNL should be
performed by an experienced surgeon in patients at risk
for severe bleeding. On the other hand, these patients
might as well choose other alternative procedures. Our
study found that LPL provided a significantly lower
blood transfusion rate, lower bleeding rate, and fewer
hemoglobin decrease. The reason was probably due to
the fact that LPL harmlessness for renal parenchyma.
Whatever the approaches, patients with bleeding ten-
dencies needs careful preoperative, intra- and post-
operative management because both the procedures may
lead to a kidney loss.

For conversion rate and prolonged urine leakage, re-
gardless of our or previous meta-analyses, the results
were similar between the two groups. However, more in-
cidence of prolonged urine leakage and longer hospital
stay were found in the LPL group. Urine leakage can be
attributed to incomplete closure of the pyelotomy inci-
sion after LPL, which can prolong hospital stay [8]. Clos-
ure of pyelotomy incision is technically difficult during
laparoscopic surgery, advanced experience and high
skills or robot-assisted surgery are needed. But urinary
leakage has been minimized with advances in intracor-
poreal suturing techniques, such as barbed suture [28].
In addition, suture time was significantly decreased with
barbed suture use during laparoscopic pyeloplasty [29],
hence, this will shorten operative time.

However, the complications can be minimized with
proper patient selection and sufficient preoperative
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preparation. LPL is certainly safe and feasible in experi-
enced hands, but should not replace PCNL, which re-
mains the gold standard for kidney stones greater than
2 c¢cm. These procedures are technically challenging and
should only be performed by experienced laparoscopic
surgeons. According previous studies, LPL is more suit-
able for patients with urinary deformity require con-
comitant pyeloplasty.. Patients with previous history of
open renal surgery always have significant perinephric
adhesion which may affect the success or complication
rate in LPL, does not in PCNL [30]. Therefore, PCNL is
the first-selected treatment in such situation. LPL cannot
be a feasible modality for renal stones with intrarenal
pelvis, which increased the incidence of prolonged urine
leakage. All in all, LPL is considered a successful alterna-
tive therapy for PCNL in selected cases with large renal
stones like those in the extrarenal pelvis in patients
without a history of previous surgery. In addition, LPL
can be considered as a reasonable therapeutic option for
large staghorn calculus which cannot be removed with a
reasonable number of access and sessions of PCNL.

This study has some limitations. First, the present ana-
lysis was conducted using the currently available com-
parative studies. However, most of the studies were CCS,
had a small sample number and quality ranged from low
to moderate. Second, heterogeneity among studies was
found to be high for several parameters. This heterogen-
eity can be explained by the difference in surgical prac-
tices, patient inclusion criteria, surgeons’ experience,
outcome definitions and standards. Third, the analysis
did not incorporate stone shape and composition into
the assessment, and either of these could have intro-
duced bias into the analysis. Because of the above limita-
tions might influence the interpretation of our findings,
it highlights that large scale, multicenter RCTs are
needed for a further robust conclusion.

Conclusion

Our present findings suggest that LPL is a safe and effective
approach for management of patients with large renal pel-
vic stones with the merits of higher SFR, less blood loss,
and lower auxiliary procedures rate. However, PCNL still
suitable for most cases and LPL can be used as an alterna-
tive management procedure with good selection of cases.
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