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Abstract

Introduction: Both percutaneous nephrolithotomy (PCNL) and laparoscopic ureterolithotomy (LU) are effective treat-
ment options for large proximal ureteral stones.

Aim: To perform a meta-analysis on this topic to assess the efficacy, safety, and potential complications of the two
procedures.

Material and methods: A systematic literature search was performed using PubMed, Ovid and Scopus to identify
eligible suitable studies until May 2022. All studies comparing LU vs PCNL in large proximal ureteral stones were
included. The Cochrane Collaboration’s Review Manager (RevMan) 5.4 software was used to analyze statistical sig-
nificance.

Results: A total of nine publications involving 933 patients (LU 465; PCNL 468) were included, of which 4 were ran-
domized control trails (RCTs) and 5 were non-RCTs. The meta-analysis of available data showed that compared with
PCNL, LU had a higher initial stone-free rate (OR = 3.26; p = 0.004), but longer operative time (WMD = 35.08 min;
p = 0.0003). However, the final stone-free rate (OR = 2.08; p = 0.07) and length of hospital stay (WMD = 0.32d; p =
0.48) were comparable between the two groups. Meanwhile, LU had a lower transfusion rate (OR = 0.13; p = 0.007)
than PCNL. There was no significant difference in terms of complications (OR = 0.97; p = 0.84), Clavien-Dindo score
> 3 complications (OR = 1.03; p = 0.93), auxiliary procedures (OR = 0.44; p = 0.08), or ureteral stenosis (OR = 0.24;
p = 0.13) between LU and PCNL.

Conclusions: Our meta-analysis revealed that LU is a safe and feasible option for large proximal ureteral stones with
a higher initial stone-free rate and lower transfusion rate compared with PCNL.

Key words: proximal ureteral stone, laparoscopic ureterolithotomy, percutaneous nephrolithotomy, meta-analysis.

Introduction
Then large proximal ureteral stones will adhere to

Ureteral calculi are one of the common health
care problems that affect the daily life of patients [1].
Generally speaking, spontaneous passage of a uret-
eralstoneislargely dependentonits size and location.
Large proximal ureteral stones larger than 10 mm
in diameter are less likely to pass spontaneously [2].

the ureteral wall, which may cause hydronephrosis,
secondary infection, ureteral polyps, and ureteral
stricture [3]. Nowadays, available treatment modal-
ities include extracorporeal shock wave lithotripsy
(ESWL), ureteroscopic lithotripsy (URSL), percutane-
ous nephrolithotripsy (PCNL), laparoscopic ureter-
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olithotomy (LU), and open surgery [4, 5]. However,
among the various treatments for proximal ureteral
stones, the optimal choice remains controversial.

ESWL is the first line treatment option for prox-
imal ureteral stones. However, ESWL has a lower
stone-free rate for large proximal ureteral stones [6].
The efficacy of URSL in the treatment of proximal ure-
teral stones remains controversial due to the risk of
stone migration [7]. Flexible URSL, which has a high
surgical success rate, has gained popularity in recent
years, but this procedure requires special devices that
may not be available [3]. PCNL has been reported to
be the standard procedure for the treatment of kid-
ney and proximal ureteral stones with a high stone
burden, but it is associated with a high complication
rate [8]. LU is increasingly used to treat large proximal
ureteral stones, which has a great probability of com-
plete stone clearance in a single attempt [9, 10].

Therefore, PCNL and LU are the most effective
treatments for proximal ureteral stones, which are
considered as options for failure of ESWL and URSL
[11]. However, the pros and cons of the two proce-
dures remain controversial.

Aim
The objective of this meta-analysis was to inves-

tigate the efficacy and safety of PCNL and LU in the
treatment of proximal ureteral stones.

Material and methods
Search strategy

A systematic search of PubMed, Ovid and Sco-
pus was performed to identify studies comparing LU
versus PCNL for proximal ureteral stones published
up to May 2022. The search strategy was “(ureteral
stone OR ureteral calculi) and (laparoscopic ureter-
olithotomy OR percutaneous nephrolithotomy OR
PCNL OR antegrade ureterorenoscopy)”. Two au-
thors independently screened all citations to identify
eligible studies.

Inclusion criteria and exclusion criteria

The included studies met the following require-
ments: (1) original studies comparing LU versus
PCNL for proximal ureteral stones, (2) publications
written in English language, (3) adult patients only.

Studies were excluded in the case of: (1) a lack
of primary data (i.e. reviews, commentaries, confer-
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ence abstracts), (2) insufficient data to calculate or
extrapolate for the results of LU vs PCNL, (3) children
patients. Discrepancy was resolved in consultation
with the third reviewer.

Data extraction

Two authors independently extracted the data
using a predefined data extraction form. Any dis-
crepancy was resolved in consultation with the
third researcher. The data extraction form contains
the following information: baseline demographics
(age, gender, stone side and stone size), surgical
outcomes (operative time, length of hospital stay,
initial and final stone-free rate), and complication
outcomes (complications, Clavien-Dindo score > 3
complications, transfusion rate, auxiliary procedures
and ureteral stenosis).

Quality assessment

Two authors independently evaluated the quality
of included studies according to the Oxford Centre
for Evidence-based Medicine. Discrepancy was re-
solved in consultation with the third researcher.

Statistical analysis

A meta-analysis was conducted according to the
Cochrane Collaboration and the Quality of Report-
ing of Meta-analyses (QUORUM) guidelines [12].
Cochrane Collaboration’s Review Manager (RevMan)
5.4 software (Cochrane Collaboration, Oxford, UK)
was used to analyze statistical differences. The
weighted mean difference (WMD) was used for con-
tinuous variables. The odds ratio (OR) was calculated
for dichotomous data. For studies presenting contin-
uous data as means and ranges, a validated mathe-
matical model was used to convert median (range)
to mean (standard deviation) [13]. A fixed-effects
model was used if no significant heterogeneity was
identified; otherwise, a random-effects model was
used. Statistical heterogeneity was assessed by the
y>-based Q test and /? test. A p-value < 0.05 was con-
sidered statistically significant. Funnel plots were ex-
amined to evaluate publication bias.

Results

Nine studies including 933 patients (LU 465;
PCNL 468) were included in this meta-analysis (Fig-
ure 1) [14-22]. The basic characteristics and quality
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assessment of the included studies are summarized
in Table I.

Our meta-analysis showed no significant differ-
ences in age (WMD = —0.41 years, 95% Cl: -3.11 to
2.29; p = 0.77), male patients (OR = 0.98, 95% Cl:
0.75 to 1.29; p = 0.90), stone side (OR = 1.05,
95% Cl: 0.81 to 1.36; p = 0.72), and stone size
(WMD = 0.85 mm, 95% Cl: —0.21 to 1.91; p = 0.12)
between LU and PCNL (Figure 2).

Our data showed that LU was associated with
a significantly longer operative time (WMD = 35.08
min, 95% Cl: 16.29, 53.86; p = 0.0003) and a sig-

nificantly higher initial stone-free rate (OR = 3.26,
95% Cl: 1.45-7.31; p = 0.004). However, there was
no significant difference between LU and PCNL in
terms of length of hospital stay (WMD = 0.32 d,
95% Cl: -0.57, 1.21; p = 0.48) or final stone-free rate
(OR = 2.08, 95% Cl; 0.94-4.61; p = 0.07) (Figure 3).
Our pooled data on postoperative complications
showed that LU was associated with a significant-
ly lower transfusion rate than PCNL (OR = 0.13,
95% Cl: 0.03-0.58; p = 0.007). All the following re-
sults comparing LU with PCNL including complica-
tions (OR = 0.97, 95% Cl: 0.69-1.35; p = 0.84), Cla-

> Records excluded after review
of abstract (n = 116)

Full-text articles excluded because
of unmatched inclusion criteria
(n=7)

Additional records identified
through references (n = 0)

Records identified through PubMed, Ovid and Scopus (search up to May 2022)
E using keywords (ureteral stone OR ureteral calculi) and (laparoscopic ureterolithotomy OR
§ percutaneous nephrolithotomy OR PCNL OR antegrade ureterorenoscopy)
E
S
S ¥

PubMed n = 946, Ovid n = 4454, Scopus n = 241

oo
£ Y
©
o Records screened (n = 132)
A
> Y
%) Full-text articles assessed for eligibility (n = 16) >
2
S Y Y
=
o
= Studies included in the meta-anlysis (n = 9)

Figure 1. Flow diagram of the search strategy in this meta-analysis

Table I. Basic characteristics of included studies

First Study Study Study Follow-up  Stone size LU access Follow-up LE
author period design origin time method

Basiri 2004-2006 RCT Iran 3 weeks >15mm  Transperitoneal KUB and US 2b
Guler 2015-2019 RTP Turkey 3 months >15mm  Transperitoneal cT 4
Karami 2004-2008 RCT Iran 6 months >10mm  Transperitoneal KUB and US 2b
Liu 2011-2013 RCT China  >1months NA Retroperitoneal KUB 2b
Lu 2014-2019 RTP China 46 months >15mm  Retroperitoneal KUB or CT 4
Mousavi 2016-2018 Cohort Iran NA >15mm NA NA 4
Bahar

Topaloglu 2007-2014 RTP Turkey 21 months >15mm  Retroperitoneal KUB or CT 4
Wang 2012-2015 RCT China 12 months >15mm  Retroperitoneal KUB 2b
Zhu 2010-2013 RTP China 24 months >10 mm Both VU and US 4

LU = laparoscopic ureterolithotomy, LE — level of evidence, RTP — retrospective, RCT — randomized controlled trials, KUB — kidney-ureter-bladder radiography,
US — ultrasound, CT — computed tomography, IVU — intravenous urography, NS — not applicable.
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A

Study or LU PCNL Weight Mean difference Mean difference
subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% Cl
Basiri 2008 44 13 50 48 13 50 10.6 —4.00(-9.10,1.10) —

Guler 2021 43 117 41 39.8 119 38 104 3.20(-2.01,8.41) —_
Karami 2013 352 9.75 40 394 11.75 40 11.2 -4.20(-8.93,0.53) —_—

Liu 2013 4473 10.56 45 46.3510.31 45 11.9 -1.62(-5.93,2.69) —_—T

Lu 2021 523 6.3 142 485 55 126 163 3.80 (2.39, 5.21) —-
Mousavi Bahar 2019 4292 16.1 55 47.7816.72 52 8.9 -4.86(-11.09,1.37) _—
Topaloglu 2014 49 1475 21 48 15 37 6.9 1.00 (-6.95, 8.95)

Wang 2017 44 11 50 41 15 50 10.5 3.00 (-2.16, 8.16) e
Zhu 2014 50.2 43 21 519 84 30 13.2 -1.70(-5.22,1.82) —_—

Total (95% Cl) 465 468 100.0 -0.41 (-3.11, 2.29) ’

Heterogeneity: 12 = 11.13, 2 = 29.97, df = 8 (p = 0.0002), I* = 73%

Test for overall effect: Z=0.30 (p = 0.77) -10 -5 0 5 10
Favours LU  Favours PCNL

B

Study or LU PCNL Weight 0dds ratio Odds ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl

Basiri 2008 36 50 32 50 8.4 1.45 (0.62, 3.37) —_—t—

Guler 2021 23 41 24 38 10.2 0.75 (0.30, 1.84) —_—

Karami 2013 24 40 28 40 10.5 0.64 (0.25, 1.62) I —

Liu 2013 26 45 23 45 9.1 1.31 (0.57, 3.01) —_——

Lu 2021 83 142 78 126 32.1 0.87 (0.53, 1.41) ——

Mousavi Bahar 2019 46 55 39 52 6.1 1.70 (0.66, 4.41) B e —

Topaloglu 2014 13 21 22 37 5.7 1.11 (0.37, 3.32) —_—t

Wang 2017 29 50 31 50 12.2 0.85 (0.38, 1.89) —_—at——

Zhu 2014 12 21 18 30 5.9 0.89 (0.29, 2.76) —_—

Total (95% Cl) 465 468 100.0 0.98 (0.75, 1.29) L 4

Total events 292 295

Heterogeneity: y? = 4.18, df = 8 (p = 0.84), I’ = 0% t t t t

Test for overall effect: Z=0.13 (p = 0.90) 0.05 0.2 1 5 20

Favours LU Favours PCNL

C

Study or LU PCNL Weight 0Odds ratio Odds ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl

Basiri 2008 30 50 19 50 6.7 2.45 (1.10, 5.47) _—

Guler 2021 19 41 21 38 10.3 0.70 (0.29, 1.70) —

Karami 2013 21 40 24 40 10.1 0.74 (0.30, 1.79) —_—

Liu 2013 22 45 21 45 9.5 1.09 (0.48, 2.50) s L

Lu 2021 72 142 60 126 27.7 1.13 (0.70, 1.83) ——

Mousavi Bahar 2019 24 55 26 52 13.3 0.77 (0.36, 1.66) —_——

Topaloglu 2014 9 21 14 37 5.1 1.23 (0.41, 3.67) —_—t—

Wang 2017 21 50 23 50 11.8 0.85 (0.39, 1.87)  E —

Zhu 2014 9 21 13 30 5.4 0.98 (0.32, 3.02)

Total (95% Cl) 465 468  100.0 1.05 (0.81, 1.36) L 4

Total events 227 221

Heterogeneity: 2 = 6.77, df = 8 (p = 0.56), I’ = 0% t t t t t t

Test for overall effect: Z=0.36 (p = 0.72) 01 02 05 1 2 5 10

Favours LU Favours PCNL

D

Study or LU PCNL Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% Cl

Basiri 2008 224 32 50 203 33 50 154 2.10 (0.83, 3.37) —

Guler 2021 22.1 5 41 212 3.7 38 119 0.90(-1.03,2.83) —_—t

Karami 2013 135 45 40 142 375 40 125 -0.70(-2.52,1.12) —_—

Lu 2021 168 1.7 142 166 14 126 19.2 0.20(-0.17,0.57) -

Mousavi Bahar 2019 21.29 2.18 55 18.33 2.63 52 17.2 2.96 (2.04, 3.88) —_—

Wang 2017 188 14 50 193 1.8 50 184 -0.50(-1.13,0.13) —=t

Zhu 2014 15 7 21 14 7 30 54 1.00 (=2.90, 4.90)

Total (95% Cl) 399 386 100.0 0.85(-0.21, 1.91) -

Heterogeneity: 12 = 1.49, ¥? = 47.35, df = 6 (p < 0.00001), > = 87% f f f f

Test for overall effect: Z=1.57 (p = 0.12) -4 -2 0 2 4
Favours LU Favours PCNL

Figure 2. Forest plots of demographic characteristics of LU vs. PCNL for proximal ureteral stone: A — age
[years], B — gender (male), C — stone side (right), D — stone size [mm]
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A

Study or LU PCNL Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% Cl

Basiri 2008 127.8 41.8 50 93.6 289 50 11.1 34.20(20.11, 48.29) —

Guler 2021 147 67 41 442 6.1 38 10.3 102.80(82.20, 123.40) —

Karami 2013 82.15 26.75 40 5435 8 40 11.5 27.80(19.15, 36.45) -

Liu 2013 87.92 18.37 45 53.8219.18 45 11.6 34.10(26.34,41.86) -

Lu 2021 87.2 16.8 142 68.2 12.5 126 11.7 19.00(15.48,22.52)

Mousavi Bahar 2019  107.4322.86 55 32.02 9.4 52 116 75.41 (68.85,81.97) -

Topaloglu 2014 102.1 455 21 80.1 446 37 9.9 22.00(-2.19, 46.19) ——

Wang 2017 99.5 346 50 1256 41.2 50 11.0-26.10(-41.01,-11.19) —

Zhu 2014 93.7 216 21 652 183 30 11.3 28.50(17.18,39.82) —

Total (95% Cl) 465 468 100.0 35.08 (16.29, 53.86) o>

Heterogeneity: 12 = 778.64, y? = 325.71, df = 8 (p < 0.00001), 12 = 98% t t t t

Test for overall effect: Z = 3.66 (p = 0.0003) -100 =50 0 50 100

Favours LU  Favours PCNL

B

Study or LU PCNL Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% ClI

Basiri 2008 58 23 50 44 14 50 109 1.40(0.65 2.15) —

Guler 2021 43 08 41 41 12 38 114 0.20(-0.25,0.65) +—

Karami 2013 35 125 40 26 075 40 114 0.90 (0.45, 1.35) —

Liu 2013 455 048 45 6.76 3.08 45 10.5 -2.21(-3.12,-1.30) —

Lu 2021 49 09 142 28 06 126 117 2.10 (1.92, 2.28)

Mousavi Bahar 2019 214 04 55 215 05 52 11.7 -0.01(-0.18,0.16)

Topaloglu 2014 4 1.25 21 3 1 37 111 1.00 (0.38, 1.62) ——

Wang 2017 43 22 50 68 26 50 104 -2.50(-3.44,-1.56) N

Zhu 2014 6.1 1.7 21 44 12 30 107 1.70 (0.86, 2.54) ——

Total (95% Cl) 465 468 100.0 0.32 (-0.57, 1.21) ?

Heterogeneity: 12 = 1.75, ¥? = 384.16, df = 8 (p < 0.00001), > = 98% ¥ y y y

Test for overall effect: Z=0.71 (p = 0.48) -4 -2 0 2 4

Favours LU Favours PCNL

C

Study or LU PCNL Weight 0Odds ratio Odds ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% CI M-H, fixed, 95% ClI

Basiri 2008 44 50 32 50 545 413 (1.47, 11.56) ——

Karami 2013 40 40 40 40 Not estimable

Liu 2013 42 45 41 45 3838 1.37 (0.29, 6.48) —

Wang 2017 48 48 47 50 6.7 7.15 (0.36, 142.14) .

Total (95% Cl) 183 185 100.0 3.26 (1.45, 7.31) ‘

Total events 174 160

Heterogeneity: 2 = 1.66, df = 2 (p = 0.44), I’ = 0% t t t t

Test for overall effect: Z = 2.87 (p = 0.004) 0.005 0.1 1 10 200
Favours PCNL Favours LU

D

Study or LU PCNL Weight 0dds ratio Odds ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl

Basiri 2008 45 50 43 50 48.5 1.47 (0.43, 4.97) —i—

Guler 2021 40 41 37 38 10.6 1.08 (0.07, 17.91)

Karami 2013 40 40 40 40 Not estimable

Liu 2013 45 45 44 45 5.5 3.07 (0.12,77.32) .

Lu 2021 139 142 119 126 30.0 2.73 (0.69, 10.77) -

Topaloglu 2014 21 21 37 37 Not estimable

Wang 2017 48 48 48 50 5.5 5.00 (0.23, 106.89) -

Total (95% Cl) 387 386 100.0 2.08 (0.94, 4.61) -

Total events 378 368

Heterogeneity: x> = 1.04, df = 4 (p = 0.90), I = 0% } } t t

Test for overall effect: Z=1.81 (p = 0.07) 0.005 0.1 1 10 200
Favours PCNL Favours LU

Figure 3. Forest plots of surgical outcomes of LU vs. PCNL for proximal ureteral stone: A — operative time
[min], B — length of hospital stay [day], C — initial stone-free rate, D —final stone-free rate
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vien Dindo score > 3 complications (OR = 1.03, 95%

Discussion

Cl: 0.56-1.87; p = 0.93), auxiliary procedures (OR =

0.44,95% Cl: 0.17-1.11; p = 0.08), and ureteral ste-
nosis (OR = 0.24, 95% Cl: 0.04-1.48; p = 0.13) had

no significant difference (Figure 4).

Publication bias of the included studies was as-
sessed by funnel plots, and no palpable publication

bias was noted (Figure 5).

There are several methods available for the man-
agement of proximal ureteral stones, such as ESWL,

URSL, PCNL and LU [23, 24]. The choice for proximal

ureteral stones depends primarily on the stone size,
hydronephrosis, infection status, cost and instru-

ments available [25]. For proximal ureteral stones

A
Study or LU PCNL Weight 0dds ratio Odds ratio
subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl
Basiri 2008 13 50 12 50 12.8 1.11 (0.45, 2.75) —_—
Guler 2021 7 41 9 38 11.1 0.66 (0.22, 2.00) —_—
Karami 2013 8 40 8 40 9.2 1.00 (0.33, 2.99) —_—
Liu 2013 3 45 4 45 5.4 0.73 (0.15, 3.48) R
Lu 2021 31 139 20 121 23.9 1.45 (0.78, 2.71) =
Mousavi Bahar 2019 7 55 15 52 19.3 0.36 (0.13,0.97) —_—
Topaloglu 2014 2 21 4 37 3.8 0.87 (0.15, 5.19) —_—
Wang 2017 17 48 16 50 14.5 1.17 (0.50, 2.70) —
Total (95% Cl) 439 433 100.0 0.97 (0.69, 1.35) <@
Total events 88 88
Heterogeneity: x> = 6.28,df =7 (p = 0.51), ? = 0% t t t t
Test for overall effect: Z=0.21 (p = 0.84) 0.02 0.1 1 10 50
Favours LU Favours PCNL
B
Study or LU PCNL Weight 0dds ratio Odds ratio
subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl
Basiri 2008 5 50 3 50 12.8 1.74 (0.39, 7.71) —_—
Guler 2021 6 41 3 38 12.6 2.00 (0.46, 8.64) —_——
Karami 2013 1 40 3 40 13.8 0.32 (0.03, 3.18) —_— T
Liu 2013 0 45 1 45 7.0 0.33 (0.01, 8.22) - -
Lu 2021 9 139 6 121 28.4 1.33 (0.46, 3.84) ——
Mousavi Bahar 2019 2 55 2 52 9.4 0.94 (0.13, 6.95) —_—
Wang 2017 0 48 3 50 16.1 0.14 (0.01, 2.78) =
Total (95% CI) 418 396 100.0 1.03 (0.56, 1.87) ’
Total events 23 21
Heterogeneity: y? = 4.70, df = 6 (p = 0.58), > = 0% t t t t
Test for overall effect: Z=0.09 (p = 0.93) 0.005 0.1 1 10 200
Favours LU Favours PCNL
C
Study or LU PCNL Weight 0dds ratio Odds ratio
subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl
Guler 2021 0 41 4 38 32.9 0.09 (0.00, 1.78) i
Karami 2013 0 40 3 40 24.7 0.13 (0.01, 2.65) - -
Mousavi Bahar 2019 0 55 2 52 18.2 0.18 (0.01, 3.88) -
Wang 2017 0 48 3 50 24.2 0.14 (0.01, 2.78) =
Total (95% ClI) 184 180 100.0 0.13 (0.03, 0.58) -
Total events 0 12
Heterogeneity: 2 = 0.10, df = 3 (p = 0.99), I = 0% t t t t
Test for overall effect: Z = 2.67 (p = 0.007) 0.002 0.1 1 10 500
Favours LU Favours PCNL
Figure 4. Forest plots of complications of LU vs. PCNL for proximal ureteral stone: A — complications,
B — ClavienDindo score > 3 complications, C — transfusion rate
Videosurgery and Other Miniinvasive Techniques 1, March/2023 47
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D

Study or LU PCNL Weight 0dds ratio Odds ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl

Basiri 2008 5 50 7 50 44.5 0.68 (0.20, 2.32) ——

Guler 2021 1 41 1 38 7.1 0.93 (0.06, 15.33) - ——

Liu 2013 0 45 3 45 24.4 0.13 (0.015, 2.66) i

Wang 2017 0 48 3 50 24.0 0.14 (0.01, 2.78) —_—

Total (95% Cl) 184 183 100.0 0.44 (0.17, 1.11) ‘

Total events 6 14

Heterogeneity: x> = 1.95,df = 3 (p = 0.58), I’ = 0% t t } }

Test for overall effect: Z=1.74 (p = 0.08) 0.002 0.1 1 10 500

Favours LU Favours PCNL

E

Study or LU PCNL Weight 0Odds ratio Odds ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% Cl

Guler 2021 0 41 0 38 Not estimable

Karami 2013 0 40 0 40 Not estimable

Liu 2013 0 45 1 45 25.9 0.33 (0.01, 8.22) =

Lu 2021 1 139 4 121 74.1 0.21 (0.02, 1.92) —.——

Wang 2017 0 48 0 50 Not estimable

Total (95% Cl) 313 394 100.0 0.24 (0.04, 1.48) -

Total events 1 5

Heterogeneity: x> = 0.05,df =1 (p = 0.83), ? = 0% t t } }

Test for overall effect: Z=1.53 (p = 0.13) 0.005 0.1 1 10 200
Favours LU Favours PCNL

Figure 4. Cont. D — auxiliary procedures, E — ureteral stenosis

less than 10 mm, the European Association of Urolo-
gy Guidelines recommend ESWL or URSL as the first
line choice [26].

For proximal ureteral stones larger than 10 mm,
anterograde or retrograde URSL may be preferred,
and PCNL or LU is recommended for selected cases
[6]. However, proximal ureteral stones may migrate
upward to the kidney when treated with URSL. It is
reported that both PCNL and LU are more effective
than URSL or ESWL [21, 24]. However, the effica-
cy and safety of PCNL and LU in the treatment of
proximal ureteral stones have not been fully inves-
tigated.

Nine studies reported similarities in age, gender,
stone side and stone size, reflecting minor selection
bias in this study. Our pooled results showed a lon-
ger operative time with LU, reflecting the complexity
of LU. However, the length of hospital stay was sim-
ilar in the two groups. The average length of hospi-
tal stay was 4 to 5 days, reflecting the great trauma
of the two procedures. The most important surgical
outcome is stone-free rate. The initial stone-free rate
reflects the immediate effect of surgery. Our pooled
analysis showed that the initial stone-free rate was
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significantly higher in LU. This result indicated that
LU has high efficiency for large proximal ureteral
stones, requiring less assisted or spontaneous stone
passage. However, the final stone-free rate was not
significantly different between the two groups. Only
four studies reported the initial stone-free rate, while
seven studies reported the final stone-free rate. The
finial stone-free rate is an indicator that clinicians
and patients are more concerned about. Our pooled
results indicated that LU and PCNL can achieve the
same final stone-free rate, but LU has an advantage
in the initial stone-free rate. This is consistent with
the results reported by Wang et al. [24].
Complications are one of the key factors limit-
ing the application of surgery. Most studies report-
ed complications. Our pooled analysis showed that
the overall complications and the severe complica-
tions (Clavien-Dindo score > 3) were comparable be-
tween LU and PCNL, revealing similar safety profiles.
However, four studies reported the transfusion rate,
which was significantly lower in LU than in PCNL
This is consistent with recent reports [27, 28]. The
reason could be that LU may avoid percutaneous re-
nal access injuries during PCNL [29]. Therefore, LU is
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Figure 5. Funel plots of laparoscopic LU vs. PCNL for proximal ureteral stone: A — age [years], B — gender
(male), C — stone size [mm], D — stone side (right), E — complications, F — final stone-free rate

a more complex procedure and PCNL is a more dan-
gerous procedure.

Four studies reported auxiliary procedures, with
no significant difference between the two groups.
Considering the similar final stone-free rate and high-
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er initial stone-free rate in LU, PCNL was more likely
to have small residual stones. However, this does not
affect PCNL as a high stone-free rate treatment for
large proximal ureteral stones. Five studies reported
ureteral stenosis, while only two studies reported
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postoperative ureteral stenosis. The pooled results of
our study showed no significant difference between
the two groups. We believe that this is closely related
to the condition of stones, such as ureteral polyps,
impacted stone, chronic inflammation, etc., because
neither group has thermal damage.

Our study had some inherent limitations. First,
half of the studies were retrospective, which limited
the quality of the results. Second, the small sample
size is also a limitation for the quality of this study.
Third, some studies reported impacted ureteral
stones, while others did not. Fourth, we did not com-
pare the differences between transperitoneal and
retroperitoneal approaches for LU. However, similar
results are reported for the two approaches [30].
Fifth, the follow-up time is too short to assess the
long-term effects of LU and PCNL. Last, the costs of
LU and PCNL were not available from the literature.

More large randomized controlled trails are
needed to evaluate the efficacy and safety of LU
and PCNL in the treatment of large proximal ureteral
stones.

Conclusions

This meta-analysis suggests that LU is a more
complex procedure and PCNL is a more dangerous
procedure. Although LU was associated with longer
operative time, the incidence of blood transfusion
was lower. LU may provide a safe and feasible op-
tion for large proximal ureteral stones with a high-
er initial stone-free rate and lower transfusion rate
compared with PCNL. More randomized controlled
studies are needed to confirm these results.
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