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Abstract

Background: We aimed to compare the efficacy and safety of laparoscopic pyelolithotomy (LPL)
versus percutaneous nephrolithotomy (PCNL) for treating renal stones larger than 2 cm.
Methods: We searched the PubMed, Embase, Web of Science, SinoMed, and Chinese National
Knowledge Infrastructure databases for studies that compared the surgical outcomes of LPL and
PCNL. We conducted a meta-analysis of the retrieved studies, expressed as weighted mean
difference or risk ratios with 95% confidence intervals.

Results: We included 25 studies (1831 patients). LPL was associated with a significantly higher
stone-free rate, lower rates of blood loss, complementary treatment, blood transfusion, and
complications, and less reduction in hemoglobin level compared with PCNL. LPL and PCNL were
similar in terms of duration of hospital stay, conversion rate, changes in glomerular filtration rate
and creatinine level, and mean time of postoperative analgesia. However, LPL was associated with
a longer operation time than PCNL.

Conclusion: LPL appears to be more effective and safer than PCNL in patients with large renal
stones, by increasing the stone-free rate and reducing blood loss, complementary treatment,
blood transfusion, and complications compared with PCNL. LPL may thus be a useful modality for
treating patients with large renal stones.
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Introduction

Kidney stones are one of the most common
benign urologic diseases and may lead to
severe outcomes, such as obstructive urop-
athy, uronephrosis, and even uremia and
tumors.! Surgery is therefore required to
remove the stones and preserve normal uri-
nary system function. Several therapeutic
approaches have been widely used to
treat patients with large renal calculi
(>2cm diameter), including shock wave
lithotripsy,® percutaneous nephrolithotomy
(PCNL),? open surgery, and laparoscopy.*
PCNL is currently considered as the gold
standard first-line treatment for the man-
agement of large renal stones.” However,
although PCNL has a relatively high
stone-free rate (SFR), it may lead to serious
complications, such as bleeding and postop-
erative sepsis.® Moreover, PCNL may not
be suitable for all patients with large renal
stones, such as those with a complex stone
burden or large staghorn stones. The treat-
ment of large renal stones thus remains a
challenging problem in urology.

In line with the development of laparo-
scopic surgical techniques, laparoscopic
pyelolithotomy (LPL) is increasingly being
used as a treatment option for renal calcu-
li.” According to the European Association
of Urology guidelines, the definite indica-
tions for LPL of kidney stones are limited
to the following situations: (1) failed endo-
scopic procedure; (2) complex stone
burden, renal and anatomical abnormali-
ties; and (3) indications for open surgery.®
Although three previous meta-analyses’ '
assessed the efficacy and safety of LPL

and PCNL in patients with large renal
stones, they produced inconsistent results.
Furthermore, none of the studies included
Chinese publications or provided data rele-
vant to Chinese urologists. Additional clin-
ical trials have also recently been published,
re-evaluating the comparative efficacy and
safety of LPL and PCNL for treating large
renal stones. We therefore performed an
updated meta-analysis including Chinese
studies, to enable the critical comparison
of LPL and PCNL in terms of their efficacy
and safety for the management of large
renal stones.

Methods

Search strategy

We conducted this meta-analysis in accor-
dance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.'> We searched the
PubMed, Embase, Web of Science,
SinoMed (Chinese BioMedical Literature
Service System), and Chinese National
Knowledge Infrastructure (CNKI) data-
bases from their inception to April 17,
2020, with no language restrictions. The
search terms were as follows: ((“kidney
pelvis’[MeSH Terms] OR (“kidney”’[All
Fields] AND “pelvis”’[All Fields]) OR
“kidney pelvis”[All Fields] OR (“renal”[All
Fields] AND “pelvic’[All Fields]) OR
“renal pelvic”’[All Fields]) AND (“calculi”
[MeSH Terms] OR “calculi”’[All Fields]))
AND ((“laparoscopy”’[MeSH Terms] OR
“laparoscopy”[All Fields] OR “laparoscopic”
[All Fields]) AND pyelolithotomy[All Fields])



Mao et al.

AND (“nephrolithotomy, percutaneous”
[MeSH Terms] OR (“nephrolithotomy”[All
Fields] AND “percutaneous”[All Fields])
OR  “percutaneous nephrolithotomy”[All
Fields] OR (“percutaneous”[All  Fields]
AND “nephrolithotomy”’[All Fields])). We
also manually searched related systematic
reviews and meta-analyses, and the reference
lists of the included studies to identify poten-
tial eligible studies. Discrepancies were
resolved by discussion and consensus between
the two investigators (TM and NW).

This study was a meta-analysis using
previously published data, and ethical
approval was therefore not required.

Selection criteria

Studies were included in our meta-analysis
if they met the following criteria: (1) ran-
domized controlled trial (RCT), cohort
study, or case-control study; (2) adult
patients with large renal calculi (>2cm);
(3) intervention group LPL; (4) comparison
group PCNL; and (5) outcomes SFR, oper-
ation time, duration of hospital stay, blood
loss, postoperative analgesia, mean reduc-
tion in hemoglobin, mean change in total
glomerular filtration rate (GFR), conver-
sion to open surgery, and complications.
If several publications reported on the
same population, we only included the
latest one with the most information.
Reviews, editorials, comments, and letters
were excluded from this analysis.

Data extraction

A standard data-extraction sheet was con-
structed based on the Cochrane Consumers
and Communication Review Group data
extraction template. The following data
were extracted and entered using this sheet:
first author’s name, year of publication,
study design, location, number of patients
in each group, patient characteristics (age,
sex, mean stone size), and outcome measures

(SFR, operation time, duration of hospital
stay, blood loss, postoperative analgesia,
mean reduction in hemoglobin, mean
change in total GFR, conversion to open
surgery, and complications).

Methodological quality assessment

For RCTs, we assessed the risk of bias
using the method recommended by the
Cochrane Collaboration.'* This method
evaluates the quality of the study based on
five items: blinding, method of randomiza-
tion, allocation concealment, follow-up,
and intention-to-treat analysis.'> Each
study was classified as having a high, low,
or unclear risk of bias.

The methodological quality of non-
randomized studies (cohort or case-control
studies) was assessed using the modified
Newcastle-Ottawa scale (NOS),'* which
includes three items: patient selection, com-
parability of intervention/control group, and
outcome assessment.'* The total available
NOS score was 9 points, with a higher
score indicating better quality.'* Studies
with >5 points were considered high quality.

Statistical analysis

We analyzed the data using Stata version
12.0 (Stata Corporation, College Station,
TX, USA). Dichotomous variables were
expressed as risk ratio (RR) with 95% con-
fidence intervals (CIs), and continuous var-
iables were expressed as weighted mean
difference (WMD) with 95%CIs. Before
the data were synthesized, we tested for het-
erogeneity among the included studies using
the Cochrane Q and I? statistics,' with a P
value <0.10 or I* > 50% defined as signifi-
cant heterogeneity. Pooled estimates of RR
or WMD were calculated using a fixed-
effects model (Mantel-Haenszel method)'®
or a random-effects model (DerSimonian—
Laird method),'” depending on the hetero-
geneity among the included studies. In the
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event of heterogeneity, we conducted sensi-
tivity analysis by omitting each study in
turn to explore its influence on the overall
risk estimate. We also performed subgroup
analyses based on stone features, study
design, and country, to explore the sources
of heterogeneity and the impacts of these
variables on the overall estimates. We per-
formed cumulative meta-analysis to assess
the evolution of evidence for LPL effective-
ness over time. The studies were sorted by
year and the effect estimates of the studies
were added to the pooled estimates of the
studies accrued up to that date. A random-
effect model was used for the cumulative
meta-analysis. Publication bias was assessed
by Begg’s'® and Egger’s tests.'® A two-tailed
P value <0.05 was considered statistically
significant, except where a certain P-value
was specified.

Results

Identification of eligible studies

The initial search identified 2156 relevant
publications. Among these studies, 1337
were excluded because of duplicate records
and 791 were excluded after reviewing the
abstract and title. Twenty-eight studies
were therefore subjected to full-text infor-
mation review, of which two were excluded
because they compared PCNL with other
surgical treatments, and one because it
was unrelated to our topic. Twenty-five
studies®~** including 1831 patients finally
met the inclusion criteria and were included
in this meta-analysis (Figure 1).

Characteristics of eligible studies

The main characteristics of included studies
are presented in Table 1. All the studies
were published between 2001 and 2019.
The sample sizes ranged from 20 to 198.
There were nine RCTs and 16 prospective
or retrospective cohort studies. Eleven

studies were conducted in China, five in
India, two in Turkey, two in Iran, and the
remaining five in Kuwait, USA, Egypt,
Korea, and France, respectively. Staghorn
calculi were reported in four stud-
ies, 2022743 golitary renal pelvic stones in
20 studies,>*'">>293133743 multiple pelvic
stones in one study,”® and pelvic and calyx
stones in one study.>* The baseline charac-
teristics of the populations, including age,
sex, and body mass index, were comparable
between the LPL and PCNL groups. The
mean stone size in all studies was larger
than 2cm, and was comparable between
the two groups.

Quality assessment

All the included RCTs were considered to
have a high risk of bias because it was not
possible to blind the patients and medical
personnel to the type of surgery.

The median NOS score for the non-RCTs
was 6 points (range 5-7), indicating that
these studies were high quality (Table 1).

SFR

Twenty-one studies reported the
SFR 320.22-29.31.3234-363843 Tho SERs in
the LPL and PCNL groups were 96.0%
and 82.3%, respectively. Pooled estimates
showed that LPL was associated with a sig-
nificantly higher SFR than PCNL (RR =
1.14, 95%CI: 1.08, 1.20; P<0.001) (Figure
2). The test for heterogeneity was significant
(I>=62.3%, P < 0.001) and we therefore per-
formed sensitivity analysis to explore the
potential source of heterogeneity. Excluding
one trial with a small sample size (n= 20)'
did not change the overall estimate substan-
tially (RR=1.15, 95%CIL 1.11, 1.19;
P <0.001), but the heterogeneity remained
(I’=60.9%, P <0.001). However, excluding
one trial with outliers®™ altered the result
slightly (RR=1.13, 95%CI: 1.10, 1.17;
P <0.001), but removed the heterogeneity
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with reasons
(n=3)

Figure |. Eligibility of studies for inclusion in the meta-analysis.

(1 =44.7%, PP=0.019). This indicated that
the trial conducted by Yu et al.*® contributed
to the heterogeneity across the included
studies.

Operation time

Twenty-four studies reported data on opera-
tion time.>***** The mean operation
times in the LPL and PCNL groups were
119.724+33.67 and 92.234+23.41 minutes,
respectively. LPL was associated with a signif-
icantly longer operation time than PCNL
(WMDP =31.19 min, 95%CI: 22.50, 39.89;
P < 0.001) (Figure 3). The test for heterogene-
ity was significant (I=94.2%, P <0.001),
and sensitivity analysis by excluding each

single study did not change the overall esti-
mate or heterogeneity substantially.

Duration of hospital stay

Twenty-two studies reported data on hospi-
tal stay.>?0 2727393943 The mean dura-
tions of hospital stay in the LPL and
PCNL groups were 4.59 +£1.67 days and
4.83 +1.42 days, respectively. The pooled
results indicated that patients treated with
LPL and PCNL had similar durations of
hospital stay (WMDP =—-0.28 days, 95%
CI: —0.84, 0.27) (Figure 4). The test for het-
erogeneity was significant (I°=95.0%,
P <0.001). Excluding the trial with a small
sample size (n=20)' changed the overall
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Study %
D RR (95% Cl) Weight
T
Basiri A (2014) —_— 1.04(0.86,1.25) 4.20
Al-Hunayan A (2011) — | 1.04(0.97,1.11) 8.09
Aminsharifi A (2013) —_— 1.30 (1.06,1.59) 373
Haggag YM (2013) -— 1.03(0.73.1.47) 1.70
I
Fawzi AM (2015) ——— 1.11(0.97,1.27) 570
Lee JW (2014) ‘ - 142(110,183) 283
Li S (2014) — 1.09(1.01,117) 7.76
Meria P (2005) : 1.08 (0.80,1.45) 220
Singh V (2014) } + 1.31(1.00,1.72) 254
Tefekli A (2012) ———— 1.13(0.97,1.32) 503
Mujeeburahiman M (2018) - 1.11(0.85,1.44) 260
Gaur DD (2001) —— 117 (1.03,1.32) 6.06
Ling F (2018) —_— 1.21(1.04,140) 520
I
Pu XY (2017) —_— 1.07 (0.91,1.26) 4.90
Zhang GQ (2018) — 1.07(0.92,1.24) 521
Yu JS (2017) | ————— 142(1.19,171) 425
Zhou JQ (2017) ——— 1.25(1.08,1.45) 529
Mu M (2018) - 1.26(1.00,1.59) 3.18
Liu G (2014) —_— 1.02(0.96,1.10) 8.09
Jing ZM (2018) e 1.05(0.98,1.13) 803
Xiao Y (2019) : 1.36(1.09,1.70) 3.39
Overall (l-squared = 62.3%, p = 0.000) <> 1.14 (1.08,1.20) 100.00
NOTE: nghls are from random effects analyns !
I I
547 1 1.83

Figure 2. Forest plot comparing laparoscopic pyelolithotomy and percutaneous nephrolithotomy in terms
of stone-free rate. Studies are listed by first author’s name.

RR, risk ratio; Cl, confidence interval.

estimate, resulting in a significantly shorter
duration of hospital stay in the LPL group
(WMDP=-0.88 days, 95%CI: —1.00,
—0.76; P<0.001), but the heterogeneity
remained (I =95.3%, P <0.001).
Excluding the trial with outliers*' also affect-
ed the overall estimate (WMDP=—-0.75
days, 95%CI: —0.87, —0.63; P < 0.001), but
did not remove the heterogeneity (I>=
94.0%, P <0.001).

Estimated blood loss

Fourteen studies reported data on blood
loss 2!+22:24:26.28.31-36.40°42 The mean estimat-
ed blood losses in the LPL and PCNL
groups were 81.25+34.37mL and 124.37+

45.45mL, respectively. LPL was associated
with significantly less blood loss than PCNL
(WMDP = —44.86 mL, 95%CI: —61.87,
—27.85; P<0.001). The test for heterogene-
ity was significant (I>=99.0%, P <0.001),
and sensitivity analysis excluding each indi-
vidual study did not meaningfully change
the magnitude of the overall estimate.

Conversion to open surgery and
complementary treatment

Eight studies reported data on conversion to
open surgery.>?2%2730:323337 The conversion
rates in the LPL and PCNL groups were
4.84% and 2.19%, respectively, indicating
similar conversion rates in both groups
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Study %
D WMD (95% CI) Weight
Basiri A (2014) — 42.00 (27.52,56.48)  4.26
Goel A (2003) | ———%——— 7060(4096,100.24) 3.10
AHunayan A (2011) —— 22.10(10.63,33.57)  4.46
Aminsharifi A (2013) — 22.40 (5.87, 38.93) 4.11
Haggag YM (2013) - —%——  79.81(64.16,9546)  4.18
Fawzi AM (2015) —_— 47.30(31.16,63.44)  4.14
Lee JW (2014) —_— 53.70 (25.14,82.26)  3.18
Li S (2014) —_— ! -25.03 (-37.47,-14.39)  4.45
Meria P (2005) —_— 54.00 (31.57,76.43)  3.66
Singh V (2014) —_— 4.55 (-1.57, 16.67) 4.42
Tefekii A (2012) | ——%—> 8050(50.21,101.79)  3.75
Tepeler A (2009) _— 30.60 (5.42, 55.78) 3.44
Mujeeburahiman M (2018) | —— 57.00 (36.96, 77.04) 3.85
Gaur DD (2001) —— 3575(23.74,47.76) 443
Agrawal G (2015) ! —_— 69.68 (52.77,86.59)  4.09
Ling F (2018) —— 28.00(17.15,38.85)  4.50
Pu XY (2017) —_ 116 (-13.07,10.75) 443
Zhang GQ (2018) —-— 0.29 (-11.13,10.55)  4.50
Zhang J (2018) —_— 37.01(25.54,48.48)  4.46
Zhou JQ (2017) —_— 20.10(14.88,4332) 428
Mu JJ (2018) —— | -0.85 (-11.07, 9.37) 453
Liu G (2014) - 27.43(26.00,2886)  4.83
Jing ZM (2018) -t ) -4.60 (-10.83, 1.63) 472
Xiao Y (2019) —— 33.80(19.11,48.49)  4.25
Overall (l-squared = 94.2%, p = 0.000) < 31.19 (22.50,39.89)  100.00

1
NOTE: Weights are from random effects analysis :
-1l02 0 1[I)2

Figure 3. Forest plot comparing laparoscopic pyelolithotomy and percutaneous nephrolithotomy in terms
of operation time. Studies are listed by first author’s name.
WMD, weighted mean difference; Cl, confidence interval.

(RR=1.89, 95%CI: 0.88, 4.06). There was
no significant heterogeneity among the
included studies (I> = 0.0%).

The rates of use of complementary treat-
ments in the LPL and PCNL groups were
9.84% and 30.91%, respectively. The
pooled estimate indicated that patients
treated with LPL had a significantly lower
rate of complementary treatments com-
pared with the PCNL group (RR=0.32,
95%CI: 0.14, 0.75; PP =0.008). There was
no evidence of heterogeneity among the
included studies (I =0.3%).

Blood transfusion

Eight studies reported data on blood transfu-
sions,20-22:24:25:27353743 The pblood transfusion

rates in the LPL and PCNL groups were
1.8% and 7.39%, respectively. LPL was asso-
ciated with a significantly lower rate of blood
transfusion than PCNL (RR =0.31, 95%CI:
0.15, 0.65; PP=0.015). The test for heteroge-
neity was not significant (I* = 0.0%).

Mean changes in hemoglobin, total GFR,
and creatinine

Eleven studies reported data on mean
decrease in hemoglobin,>20:23-2327.29.30.36.39.43
The mean decreases in the LPL and
PCNL groups were 2.62+2.34g/dL. and
5.18+3.42¢g/dL, respectively. The mean
decrease in hemoglobin level was significantly
lower in the LPL group compared with the
PCNL group (WMDP=-1.20g/dL, 95%
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Study %
D WMD (95% CI) Weight
Basiri A (2014) : —_— 124(0.74,1.74) 489
Goel A (2003) ————— 0.80(-0.38,1.98) 4.13
Al-Hunayan A (2011) - 0.10 (-0.53,0.73) 477
Aminsharifi A (2013) U —— 0.50(0.15,0.85) 4.98
Haggag YM (2013) — ! -1.40 (-1.99, -0.81) 4.81
Fawzi AM (2015) | —— 0.70 (-0.11,1.51) 458
Lee JW (2014) —_— 012(-122,098) 424
Li S (2014) Te— 0.20 (-0.35,0.75) 4.84
Meria P (2005) - - 0.90 (-0.80,260) 3.43
Tefekli A (2012) { —_— 160 (0.62,258)  4.38
Tepeler A (2009) —_— 0.20 (-1.09,1.49) 3.98
Mujeeburahiman M (2018) —_— 1.00 (-1.71,-0.29) 469
Gaur DD (2001) —— i -1.50 (-1.86,-1.14) 4.98
Agrawal G (2015) —_—— 1.00 (-0.28,2.28) 3.99
Ling F (2018) —_— -1.80 (-2.85,-0.75) 4.29
Pu XY (2017) — -0.30 (-1.19,0.59) 4.49
Zhang GQ (2018) — s -0.10 (-0.69, 0.49) 4.81
Zhou JQ (2017) —_— -0.40 (-151,071) 421
Mu JJ (2018) - i -1.90 (-2.13,-167) 504
Liu G (2014) —_— : -3.35(-3.87, -283) 487
Jing ZM (2018) - -1.20 (-1.52,-0.88) 5.00
Xiao Y (2019) i S — 0.60 (-0.21,1.41) 459
QOverall (l-squared = 95.0%, p = 0.000) ¢ 028 (084, 027) 10000
NOTE: Weights are from random effects analysis :

-387 0

T
387

Figure 4. Forest plot comparing laparoscopic pyelolithotomy and percutaneous nephrolithotomy in terms
of duration of hospital stay. Studies are listed by first author’s name.
WMD, weighted mean difference; Cl, confidence interval.

CI: —1.72, —0.68; P < 0.001). The test for het-
erogeneity was not significant (I = 8.4%).

The mean changes in total GFR were
7.13mL/minute for LPL and 3.43mL/
minute for PCNL. The mean changes in
total GFR were similar in the LPL and
PCNL groups (WMDP =4.43 mL/minute,
95%CI: —0.37, 9.24).

The mean changes in creatinine level
were —0.03mg/dL  for LPL and
—0.01 mg/dL for PCNL. The pooled esti-
mate showed that the changes were simi-
lar in both groups (WMDP =-0.03 mg/
dL, 95%CI: —0.11, 0.04).

Postoperative analgesia

Six studies reported data on the use of post-
. . 3
operative analgesia.*>?*3:33-342 The mean

durations of postoperative analgesia in the
LPL and PCNL groups were 2.06+0.70
days and 2.10£0.70 days, respectively.
These durations were comparable between
the two groups (WMDP = —0.11 days, 95%
CI: —0.22, 0.01). There was no significant
heterogeneity among the included studies
(I =0.0%).

Complications

Thirteen studies reported eligible data on
complications 324 20:29:323335.36.40 43 e
complication rates in the LPL and PCNL
groups were 27.0% and 38.0%, respective-
ly. The complication rate was significantly
lower in the LPL compared with the PCNL
group (RR=0.69, 95%CI: 0.58, 0.83;
PP =0.005).
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Among the common adverse events,
LPL was associated with a significantly
lower incidence of postoperative fever
than PCNL (RR=0.44, 95%CI: 0.25,
0.76; PP=0.004), but similar incidences
of uncontrolled bleeding (RR =0.14, 95%
CI: 0.01, 2.73) and prolonged urine
leakage (RR=7.00, 95%CI: 0.37, 133.57)
(Table 2).

Cumulative meta-analysis of SFR

We performed a year-wise cumulative meta-
analysis to compare LPL and PCNL in
terms of SFR. Comparative SFR data
were available from the year 2001, and fur-
ther studies slightly changed the overall
effect size without changing the magnitude
or direction of the estimates (Figure 5).

Table 2. Summarized risk ratios for complications between laparoscopic pyelolithotomy and percutaneous

nephrolithotomy.

Complication RR (95%Cls) P value
Postoperative fever 0.44 (0.25, 0.76) 0.004
Uncontrolled bleeding 0.14 (0.01, 2.73) 0.196
Prolonged urine leakage 7.00 (0.37, 133.57) 0.196

RR, risk ratio; Cl, confidence interval.

Study %
D WMD (95% CI) Weight
Goel A (2003) —_— 25.20 (-20.05, 70.45) 521
Al-Hunayan A (2011) —_— -6.40 (-44.88, 32.08) 5.81
Haggag YM (2013) - -115.00 (-124.95, -105.05) 8.03
Lee JW (2014) : -73.60 (-162.82, 15.62) 252
Singh V (2014) —.—- -59.23(-80.16,-3830) 734
Mujeeburahiman M (2018) == E -160.10 (-175.18, -145.02) 7.76
Gaur DD (2001) i . 6.67 (3.88, 9.46) 824
Agrawal G (2015) : —— 30.00 (-2.82, 62.82) 6.32
Ling F (2018) -t— -31.00 (-40.11, -21.89) 8.07
Pu XY (2017) + -59.00 (-69.38, 4862) 8.01
Zhang GQ (2018) -o- -37.38(-45.46,-2930) 811
Mu JJ (2018) - -58.01(63.75,-5227) 818
Liu G (2014) . -22.94 (-24.22,-2186) 826
Jing ZM (2018) - -42.80 (-50.29, -35.31) 8.13
Overall (-squared = 99.0%, p = 0.000) ¢ -44 86 (-61.87, -27.85) 100.00
NOTE: Weights are from random effects analysis E

T T

-175 0

175

Figure 5. Forest plot showing the cumulative meta-analysis for stone-free rate. Studies are listed by first

author’s name.

WMD, weighted mean difference; Cl, confidence interval.
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The ClIs for overall effect size were broader
in the years 2013 and 2014, but the addition
of estimates from new studies reduced the
CI while the overall estimate remained rel-
atively stable (1.08-1.15). This confirmed
the reliable and significant advantage of
LPL over PCNL in terms of SFR.

Subgroup analysis

The results of subgroup analyses based on
stone features, study design, and country
are presented in Table 3.

Publication bias

There was no significant publication bias
among the included studies (Egger’s test:
tP=—-0.37; Begg’s test: ZP =0.39).

Discussion

This meta-analysis compared the efficacy
and safety of LPL and PCNL for the treat-
ment of patients with large renal stones.
The results suggested that LPL was associ-
ated with significantly higher SFR, longer
operation time, less blood loss, lower rates
of complementary treatment, blood trans-
fusion, and complications, and less reduc-
tion in hemoglobin level compared with
PCNL. However, LPL had no benefit in
terms of duration of hospital stay, conver-
sion rate, mean changes in GFR and creat-

inine level, and mean duration of
postoperative analgesia.
Several previous meta-analyses'®!!4*

have compared LPL with PCNL for the
management of large renal stones. All
found that LPL was associated with a
higher SFR, less decrease in hemoglobin
level, and lower rate of postoperative fever
compared with PCNL. The current meta-
analysis expanded on these earlier studies
by better characterizing the evidence base
for LPL in patients with large renal
stones. First, we included more studies
with large sample sizes than the previous

studies, which enhanced the statistical
power for comparing surgical outcomes
between LPL and PCNL. The latest date
for studies included in the previous meta-
analyses was September 2015, with 766
patients enrolled in the 13 included studies.
In comparison, the current meta-analysis
included 25 studies with 1831 patients,
making the results more precise and persua-
sive. Second, we performed subgroup anal-
yses based on stone features, study design,
and country, which were not analyzed in
the previous meta-analyses. We also
searched several Chinese databases and
included Chinese articles in our meta-
analysis, thus providing valuable informa-
tion for Chinese urologists. Third, we
performed a cumulative meta-analysis to
assess the evolution of evidence for LRL
effectiveness in relation to SFR over time,
which was not addressed in the previously
published meta-analyses.'*'"** Fourth, we
also evaluated the effects and safety of LPL
and PCNL in terms of mean changes in
GFR and creatinine level, and postopera-
tive analgesia, which were not considered
in the previous studies.'%!!#4

The present meta-analysis indicated that
LPL was associated with a significantly
higher SFR than PCNL, consistent with
the findings of the previous meta-analy-
ses.”!%* This might be because most
stones could be removed intact by LPL,
whereas PCNL might leave some residual
stones that could form nuclei for stone
recurrence, thus requiring auxiliary proce-
dures and retreatments to remove them.
This would accordingly reduce the success
rate. Several studies assessed the effects of
LPL in patients with single renal stones and
reported encouraging results. They found
that LPL provided comparable results to
PCNL for solitary pelvic stones.**?
Moreover, several recent studies®#>4°
used LPL in patients with multiple renal
stones. Salvadé et al.*® reported a 100%
SFR for LPL in four patients with multiple
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renal stones in different poles, while Lee
et al.?® found SFRs of 91.1% for LPL and
64.1% for PCNL for the management of
multiple complex renal stones. However,
the management of complex renal stones,
such as staghorn stones and calyceal diver-
ticular stones, remains challenging,*” and
LPL could be a useful option for patients
with these types of stones.

In this study, LPL was associated with
significantly longer operation time than
PCNL. This result was in line with most
of the included studies, but conflicted
with the reported by Li et al.,”” who
found a mean operation times of 90.87+
334 minutes for LPL and 116.84+44.4
minutes for PCNL.?” Operation time is
influenced by many variables, including
the type of approach, surgeon’s experience,
and differences among individual patients
and equipment used.?’ In view of these var-
iables, Li et al. attributed the shorter
operation time of LPL to the easier ana-
tomical approach of LPL (retroperitoneal
approach), with less involvement of the vas-
cular anatomy than PCNL, and that the
stones could be removed intact by LPL,
thus reducing the likelihood of residual
stones, as well as the operation time.?’

Compared with PCNL, LPL resulted in
less blood loss in patients with large renal
pelvic stones. LPL does not damage the
renal parenchyma, thus reducing the risk
of bleeding. In contrast, PCNL depends
on the access location and dilation tech-
nique, and the risk of bleeding is thus
higher.?” Bleeding is the most important
and frequent complication in patients
undergoing PCNL. However, Goel et al.?!
found greater estimated blood loss in
patients undergoing LPL compared with
PCNL (173.1 (60-400)mL and 147.9 (75—
200)mL, respectively), though the differ-
ence was not significant.?’ Similar results
were observed in a cohort study conducted
by Agrawal et al.,*> who reported greater
mean blood loss in the LPL compared

with the PCNL group (180.25+63.28 vs.
150.5£34.06 mL, respectively), with no
need for blood transfusion in any of the
cases.”

In terms of conversion rate, we found no
significant difference between the two surgi-
cal approaches. This was in agreement with
the previous meta-analyses by Wang et al.’
and Wang et al."” Wang et al.” pooled data
from 363 patients and found comparable
conversion rates between LPL and PCNL
(ORP=1.72, 95%CI: 0.76, 3.88), while
Wang et al.'” also reported equal conversion
rates between the two surgical modalities
(RDP=0.02, 95%CI: —0.01, 0.05).

Regarding complications, LPL was asso-
ciated with a significantly lower incidence
of complications than PCNL. There was a
significantly higher incidence of postopera-
tive fever in the PCNL group compared
with the LPL group. Postoperative fever is
a common medical complication associated
with PCNL (23%-25%), and a small frac-
tion of these febrile patients (1%-2%)
develops urosepsis.*” According to the pre-
vious review, the overall complication rate
of PCNL was as high as 83%, including
fever (21%-32.1%), transfusion (11.2%—
17.5%), extravasation (7.2%), sepsis
(0.3%-4.7%), and colonic injury (0.2%—
0.8%).** These results suggest that LPL
may be a more feasible modality than
PCNL with respect to safety.

This study had several potential limita-
tions. First, there was considerable hetero-
geneity among the included studies, which
was not surprising given the differences in
study designs, study populations, regions,
surgical practices, equipment used, sur-
geons’ experience, and stone characteristics.
These factors may have affected the results.
However, we used a random-effect model to
pool estimates, which could reduce the bias
to some extent. Second, the relatively small
sample sizes in some studies might have
influenced our results, given that studies
with small samples were more likely to
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overestimate the treatment effect than
larger trials. Third, our results may have
been biased because most of the included
studies were retrospective cohort studies,
and we therefore could not exclude the pos-
sibility of selection bias. Fourth, stone bulk
was an important factor potentially influ-
ence the SFR. However, we were unable
to calculate the SRF adjusted for stone
bulk because of insufficient data across
the included studies.

In conclusion, the present meta-analysis
suggests that LPL might be more effective
and safer than PCNL for the treatment of
patients with large renal stones, by provid-
ing a higher SFR, less blood loss, and lower
rates of complementary treatment, blood
transfusion, and complications. LPL could
be thus considered as a useful modality for
removing large renal stones. However,
more large-scale, prospective studies are
needed to verify our findings and to explore
the effects of LPL in patients with different
types of renal stones.
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