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Abstract

Despite advances in non-invasive and minimally invasive techniques, some proximal
ureteral stones with impaction require open or laparoscopic surgery. No systematic
reviews or meta-analyses have compared the efficacy and safety of open proximal
ureterolithotomy and laparoscopic approaches. The aim of this study was to compare the
efficacy and safety between open and laparoscopic proximal ureterolithotomy for ureteral
stone management. Following the PRISMA guidelines, systematic searches were
conducted in five databases (PubMed, Scopus, ScienceDirect, Web of Science, and
ProQuest) to identify articles comparing those two surgical approaches. Operative time,
blood loss, pain score, hospital stay, recovery time, and complications were collected and
compared. Heterogeneity-based meta-analysis with random-effects or fixed-effects
models were conducted. Two randomized controlled trials and four observational cohort
studies with 386 participants met the criteria. Open surgery had significantly less time
than laparoscopic ureterolithotomy (mean difference (MD): 26.63 minutes, 95%CI: 14.32,
38.94; p<0.0001). Intraoperative blood loss (MD: -1.27 ml; 95%CI: -6.64, 4.09; p=0.64)
and overall complications (OR: 0.68; 95%CI: 0.41, 1.15; p=0.16) were not significantly
different between two approaches. Laparoscopic ureterolithotomy reduced visual
analogue scale (VAS) pain scores (MD: -2.53; 95%CI: -3.47, -2.03; p<0.00001), hospital
stays (MD: -2.40 days; 95%CI: -3.42 to -1.38 days; p=0.03), and recovery time (MD: -9.67
days; 95%CI: -10.81 to -8.53 days; p<0.00001). In conclusion, open proximal
ureterolithotomy had less time, but laparoscopic surgery reduced postoperative pain,
hospital stay, and recovery time. Both methods had comparable intraoperative bleeding
and complications.

Keywords: Ureterolith, proximal ureteral stone, laparoscopic, open ureterolithotomy,
effectiveness

Introduction

U rinary calculi are a prevalent condition encountered in urological practices, with significant

implications for patient morbidity and healthcare costs [1,2]. Over the past few decades, there
have been substantial advancements in the management of urinary tract stones. The invention of
extracorporeal shock wave lithotripsy (ESWL) and endourological procedures, including
percutaneous nephrolithotomy (PCNL) and ureterorenoscopy (URS), have revolutionized the
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treatment landscape, limiting the indications for open surgical interventions and laparoscopic
approaches [1,2]. However, the choice of treatment depends on various factors, such as stone
parameters, patient characteristics, and the skill of the surgeon [3].

In recent years, a paradigm shift towards minimally invasive and non-invasive modalities
has been observed, resulting in a decline in the utilization of open surgical procedures to
approximately 1.5% of all surgical interventions [1,2]. While ESWL and URS have proven effective
for the majority of ureteral stones, there are cases involving proximal stones with larger, harder,
and deeply impacted formations that require alternative surgical methods like ureterolithotomy.
Consequently, this creates a niche for open surgical or laparoscopic interventions [4-6].

Impacted stones are defined as persistent stones located in the same anatomical position for
at least two months, accompanied by radiographic evidence of contrast media impeded from
passing distal to the stone [3]. Additional criteria for impacted stones include a size greater than
10 mm or the inability of a retrograde guide-wire to pass proximal to the stone [3,7]. Literature
reports indicate that up to 24% of impacted stones may lead to ureteral stenosis [7]. The European
Association of Urology guidelines for urinary tract stones suggested that laparoscopic stone
removal, when performed with proper indications, may yield high stone-free rates (SFR) while
minimizing the need for additional procedures [1]. Ureterolithotomy has been recommended for
patients with large-sized ureteral stones that have failed with ESWL or undergone repeated
endourological interventions [1].

The management of proximal ureteral stones with impaction can be achieved through open
surgical or laparoscopic approaches. Proximal open ureterolithotomy, a conventional technique,
involves an abdominal wall incision and direct removal of the ureteral stone. Despite its
longstanding use, this procedure carries inherent risks of infection, postoperative pain, and a
relatively protracted recovery period [7]. Conversely, laparoscopic ureterolithotomy offers a
minimally invasive alternative, employing small abdominal incisions and endoscopic instruments
to remove the ureteral stone [8]. Laparoscopic ureterolithotomy has been associated with
advantages such as faster recovery, reduced postoperative pain, and lower infection rates
compared to open proximal ureterolithotomy [8].

Currently, there is a lack of systematic review studies and meta-analyses comparing the
efficacy and safety of open proximal ureterolithotomy and laparoscopic ureterolithotomy for
managing proximal ureteral stones with impaction. The aim of this systematic review and meta-
analysis was to compare the effectiveness and safety of these two surgical approaches.

Methods

Study design and protocol registration

This systematic review and meta-analysis were performed in accordance with the Cochrane
Handbook for Systematic Reviews and Interventions, in adherence to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [9]. The protocol has been
registered in the International Prospective Register of Systematic Reviews (PROSPERO),
CRD42023446767. The AMSTAR 2 checklist has been completed to enhance the methodological
quality of this systematic review and meta-analysis; the level is moderate [10].

Literature search strategy and eligibility criteria

Two independent authors systematically searched for relevant articles comparing laparoscopic
and open ureterolithotomy for proximal ureter stones, with the assessed outcomes including
mean operation time, blood loss, pain score, length of hospital stay, recovery time, and overall
complications. A preliminary search ensured novelty and avoided duplication. Research articles
in five English databases, PubMed, Scopus, ScienceDirect, Web of Science, and ProQuest, were
systematically searched. The search strategy was combining with the following terms without
language restriction: (‘laparoscopic ureterolithotomy’ OR ‘LU’) AND (‘proximal’ OR ‘upper’) AND
('ureteral stone’ OR ‘ureteral stones’ OR ‘ureteral calculi’ OR ‘ureteral calculus’ OR ‘ureteral
lithiasis’); (‘open ureterolithotomy’) AND (‘proximal’ OR ‘upper’) AND (‘ureteral stone’ OR
‘ureteral stones’ OR ‘ureteral calculi’ OR ‘ureteral calculus’ OR ‘ureteral lithiasis’).

Page 2 of 11



<
O
=]
S
<
<
=
=)
=
©)

Maliki et al. Narra ] 2024; 4 (1): €679 - http://doi.org/10.52225/narra.v4i1.679

Inclusion criteria of the studies to be included were: (a) studies assessing between
laparoscopic and open ureterolithotomy for duration of surgery, amount of blood loss, visual
analogue scale (VAS) pain score, length of hospital stay, recovery time, or overall complications;
(b) design study experimental (randomized controlled trial (RCT) and observational study
(prospective observational); (c) report on the primary outcome and at least one of the secondary
outcome measures mentioned below. Reviews, animal studies, case reports, and non-
comparative studies were excluded.

Data collection and quality assessment

Data extraction was independently performed by authors using a comprehensive form.
Discrepancies were resolved by a third author. Extracted data included study characteristics,
patients’ information, interventions, and quantitative outcome measures. The quality of each
article was assessed using appropriate bias risk assessment tools for study design RCT or
observational studies). The risk of bias in the included studies was assessed using the Cochrane
risk of bias (RoB) version 2.0 tool for RCTs and the Newcastle-Ottawa Scale (NOS) for
observational studies.

Study variables

In this study, laparoscopic proximal ureterolithotomy was defined as minimally invasive surgery
using laparoscopic equipment to locate and remove stones trapped in the ureter. Laparoscopic
included the transperitoneal [2] and retroperitoneal approaches [2,3]. Open proximal
ureterolithotomy is defined as surgery on ureteral stones using an open surgical technique by
making an incision in the skin of the lumbar area according to the position of the stone [3].

The outcomes of this study were duration of surgery, amount of blood loss, VAS pain score,
length of hospital stay, recovery time, and overall complications. The duration of surgery is
defined as the average length of time required to complete surgery, with each approach calculated
in minutes [4]. VAS is defined as a subjective measure used to assess pain intensity using a
continuous line with endpoints indicating no pain and the worst possible pain [3]. Length of stay
(LOS) is defined as the average number of days spent in the hospital in the intervention and
comparison groups [11]. Length of recovery time is defined as the average number of days it takes
a patient from post-surgery to being able to carry out normal activities [12]. Overall complications
are defined as the overall number of complications in the form of quantitative data that occurred
in post-operative patients. The occurrence of any adverse events or unwanted outcomes related
to surgery, including bleeding, fever, ileus, and stone migration, damage to ureter and adjacent

organs [5].

Data synthesis

Quantitative data synthesis and statistical analysis employed meta-analysis based on pooled
analysis. Odds ratios (OR) and mean differences (MD) with a 95% confidence interval (CI) were
used for dichotomous and continuous data outcomes. Heterogeneity was assessed by using 12,
and a random-effects model was applied for 12>50%, and a fixed-effects model for 12<50%.
Results were presented using forest plots and descriptive narratives. Review Manager® version
5.4.1 for Windows software was used for data processing.

Results

Systematic search results

The systematic searches using predefined keywords in five databases (PubMed, Scopus,
ScienceDirect, Web of Science, and ProQuest) yielded a total of 1,326 studies. After removing 451
duplicate articles, 875 articles were subjected to primary screening based on titles and abstracts.
Further evaluation of the full text was carried out on 15 articles, and finally, six studies [2-5,11,12]
met the inclusion criteria and were included in the analysis of this study. The PRISMA flowchart
illustrating the study selection process is presented in Figure 1.
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Study characteristics

The included studies consisted of two RCTs [2,11] and four observational cohort studies involving
386 patients with proximal ureter stones [3-5,12]. The interventions evaluated in these studies
were laparoscopic ureterolithotomy and open proximal ureterolithotomy. The characteristics and
outcome data extracted from each included study are presented in Table 1.

Studies identified from
g databases (n = 1.326) Studies removed before screening:
E= e PubMed (n =112) ¢ Duplicate records removed (n = 451)
& . Sca_:rpus (q =608) > . Rﬁcords_marked as ineligible by
'.g ¢ ScienceDirect (n = 487) automation tools (n = 0)
k> e ProQuest (n = 104) ¢ Records removed for other reasons (n
= e Web of Science (n = 15) =0)
Studies screened I Studies excluded
(n=875) (n = 860)
k-
g Studies sought for retrieval : Studies not retrieved
5] (n=15) =7)
7]
v
Studies assessed for eligibility Studies excluded due to wrong stone
(n=8) ; locations (n=2)
o 4
e
=2 Studies included in meta-
g analysis (n =6)

Figure 1. PRISMA flow diagram showing the study selection process.

Risk of bias

According to RoB version 2.0 tool, the overall bias of the RCT by Prakash et al. [2] had some
concerns, while the study by Giri et al. [11] had a high risk of bias due to methodological
limitations, particularly inadequate randomization and outcome measurement bias. This finding
may have implications for the reliability and generalizability of the meta-analysis results.
Therefore, careful interpretation of the findings should be conducted to address potential biases
and their impact on the overall meta-analysis conclusions. The risk of bias assessment using the
RoB version 2.0 tool is presented in Figure 2.

Risk of bias domains

©

e o o e o e

Domains: Judgement

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. . High
D3: Bias due to missing outcome data. %) some concemns

D4: Bias in measurement of the outcome.
Ds: Bias in selection of the reported result. . Low

Figure 2. Risk of bias of the included randomized controlled trials (RCTs) using Cochrane risk of
bias (RoB) version 2.0.
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= Table 1. Study characteristics and outcome data of included studies
<_’: Study Year Country  Study design Sample Intervention Number of Mean stone n Outcome
= size surgeons size+SD (mm)
> Prakash et al. 2014 India Randomized controlled 70 Retroperitoneoscopic Not reported 20+3.2 35 Mean operative time, amount
= [2] trial laparoscopic of blood loss, VAS pain score,
O ureterolithotomy length of hospital stay,
Mini-incision open Notreported 21+3.6 35  recovery time, and overall
ureterolithotomy complications.
Falahatkar et al. 2011 Iran Prospective observational 40 Laparoscopic Notreported NR 20  Mean operative time, length
[4] study ureterolithotomy of hospital stay, recovery
Open ureterolithotomy  Not reported NR 20  time, and overall
complications.
Almeida et al. 2009 Brazil Prospective observational 110 Laparoscopic 1 13.3 35 Mean operative time, amount
[3] study ureterolithotomy (10-20) of blood loss, length of
(transperitoneal + hospital stay, and overall
retroperitoneal) complications.
Open ureterolithotomy 2 11.5 (10—30) 76
Giri et al. [11] 2007 Nepal Randomized controlled 42 Trans-peritoneal Not reported  17+5 21 Mean operative time, VAS
trial Laparoscopy pain score, length of hospital
Ureterolithotomy stay, and overall
complications.
Open Ureterolithotomy Not reported 15+5.2 21
Skrepetis et al. 2001 Greece Prospective observational 36 Transperitoneal 1 19 (12—31) 18 Mean operative time, length
[5] study laparoscopic of hospital stay, recovery
ureterolithotomy time, and overall
Open ureterolithotomy  Not reported 18 complications.
Goel et al. [12] 2001 India Prospective observational 81 Retroperitoneal Not reported 21 (7-33) 55 Mean operative time, amount
study laparoscopic of blood loss, length of
ureterolithotomy hospital stay, recovery time,
Open ureterolithotomy  Not reported 24 (7—-34) 26 and overall complications.
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The observational studies [3-5,12] were rated with NOS scores ranging from 7 to 8, indicating
good quality. The aspects of patient selection, comparability, and outcome assessment were well-
reported in all included studies, with adequate follow-up duration and low dropout rates. The risk
of bias assessment using the NOS is summarized in Table 2.

Table 2. Risk of bias of the observational studies using the Newcastle-Ottawa Scale assessment

Study Selection Comparability Outcome Total score
Almeida et al. 2009 [3] "RHE *x e 3
Goel et al. 2001 [12] #Hk% i sk 8
Skrepetis et al. 2001 [5] wHE *x . 7
Falahatakar 2011 [4] wx * *x 7

Comparison of mean operative time
In the RCTs subgroup, the overall pooled estimate showed that the mean operative time was 28.19
min shorter in the open group, with a 95%CI ranging from 3.99 to 52.39 min (p=0.020) (Figure
3). Similarly, in the observational studies subgroup, the overall pooled estimate had a shorter
operative time in the open group by 26.62 min (95%CI: 11.05, 41.53 min; p<0.0007) (Figure 3).
The combined pooled analysis of two RCTs and four observational studies indicated that the
mean operative time in the open surgical approach was significantly shorter than the laparoscopic
surgical approach (MD: 26.63 min; 95%CI: 14.32, 38.94; p<0.0001) (Figure 3). In this analysis,
a random-effect model was used due to high heterogeneity among the observed studies (I12: 67%;
p=0.010).

Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl Year IV, Rand 95% CI
RCT
Giri 2007 107.62 3284 21 6584 1572 21 197% 41.78([26.21,57.35) 2007 =
Prakash 2014 838 B.49 35 B66.83 8.81 35 27.8% 16.97[1292 21.02 2014 u
Subtotal (95% CI) 56 56 47.5% 28.19[3.99, 52.39] <

Heterogeneity: Tau®= 274.07; Chi*=9.13, df=1 (P = 0.003); PF= 89%
Test for overall effect: Z=2.28 (F=0.02)

Obs

Skrepetis 2001 130 44436 18 858 21.837 18 14.4% 45.00([2211,67.89] 2001 —
Goel 2001 108.8 92458 55 988 23769 26 12.8% 10.00[16.09, 36.09] 2001 I
Almeida 2009 10271 TE.A8 35 85 4407 TEO11.9% 1771 [9.53, 44.95] 2009 T
Falahatakar 2011 190.7 3087 20 1625 4557 200 13.7%  28.20[4.08, 52.32] 2011 —
Subtotal (95% CI) 128 140 52.5% 26.29 [11.05, 41.53] L 2

Heterogeneity: Tau®=79.22; Chi*= 4 46, df= 3 (P =022}, F= 33%
Test for overall effect: Z= 3.38 (P =0.0007)

Total (95% CI) 184 196 100.0% 26.63[14.32, 38.94] L J
Heterogeneity, Tau®= 137,58, Chi*=15.14, df=5 (P = 0.010); F=67%
Testfor overall effect: Z=4.24 (P = 0.0001)

Testfor subgroup differences: Chi*=0.02, df=1 (P = 0.90), F= 0%

200 <100 0 100 200
Laparoscopic Open

Figure 3. Forest plot comparing the mean operative time (minutes) between open proximal
ureterolithotomy and laparoscopic.

Comparison of mean blood loss volume

In the RCT subgroup, the mean amount of blood loss favored the laparoscopic group, with a
difference of -2.00 ml (95%CI: -8.28 to 4.28 ml, p=0.53) (Figure 4). This suggests that the
difference in blood loss between the laparoscopic and open groups observed in the RCT was not
statistically significant. Similarly, in the subgroup of observational studies there was no
statistically significant difference in blood loss between the laparoscopic and open groups
(p=0.90) (Figure 4). The combined pooled analysis of one RCT and two observational studies
also showed that there was no significant difference in the amount of bleeding between the
laparoscopic approach and the open surgical approach (MD -1.27 ml; 95%CI: -6.64, 4.09 ml;
p=0.64) (Figure 4). A fixed-effect model was used in this analysis due to high heterogeneity
among the studies (I2: 0%; p=0.39).
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Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
RCT
Prakash 2014 5714 1132 35 5914 1522 35 729% -200[8.28 428 2014
Subtotal (95% CI) 35 35 72.9% -2.00[-8.28,4.28]
Heterogeneity: Mot applicable
Testfor averall effect Z=062 (P =053)
Obs
Goel 2001 58.5 51.272 55 505 17.209 26 127% 8.00[7.08 23.08] 2001 R —
Almeida 2009 11.062 23.908 35 16.812 52.085 T 14.4% -575[-19.89,8.39 2009 e
Subtotal (95% CI) 90 102 27.1% 0.68[-9.63, 11.00] i
Heterogeneity: Chi*=1.70,df=1(P=0149); F= 41%
Testfor averall effect Z=0.13 (P = 0.90)
Total (95% CI) 125 137 100.0% -1.27 [-6.64, 4.09] *

Heterageneity: Chi : 1.89, df=2 {P=039), F=0% '-50 _2|5 b 2|5 50'
Testfor averall effect 2= 047 (P = 0.64) Laparoscopic Open
Testfor subgroup differences: Chi*=019, df=1 (P = 0.66), F= 0%

Figure 4. Forest plot comparing the mean amount of blood loss (milliliters) between open
proximal ureterolithotomy and laparoscopic.

Comparison of mean VAS pain score
In the RCTs subgroup, the overall pooled estimate showed that the mean VAS pain score favored
the laparoscopic group, with a difference of -2.59 points on the VAS scale (95%CI: -3.47, -1.71
points, p<0.0001) suggesting a highly statistically significant difference in VAS pain scores,
favoring the laparoscopic group (Figure 5). Similarly, in the subgroup of observational studies,
the overall pooled estimate indicated significant difference in VAS pain scores, favoring the
laparoscopic group (MD: -2.44 points; 95%CI: -3.47, -1.42 points; p<0.00001) (Figure 5).

The combined pooled analysis indicated that the VAS pain score in the laparoscopic surgical
approach was significantly lower than the open surgical approach (MD: -2.53, 95% CI -3.47, -
2.03; p<0.00001) (Figure 5) based on a random-effect model.

Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
VAS D+1
Gir 2007 41 1 21 6.2 0.95 21 21.3%  -210}2.69,-1.51] 2007 =
Prakash 2014 34 074 35 6.4 0.55 35 27.0% -3.00[3.31,-2.69 2014 =
Subtotal {95% CI) 56 56 48.2% -2.59[-3.47,-1.71] ’

Heterogeneity: Tau®= 0.35; Chi*= 7.05, df=1 (F = 0.008); = 86%
Testfor overall effect: Z=5.77 (P < 0.00001)

VAS D+2

Giri 2007 2 05 0 39 087 21 238% -1.90[2.37,-1.43] 2007 +
Prakash 2014 162 049 35 4457 056 35 279% -2.95[3.20,-270] 2014 L
Subtotal (95% CI) 56 56 51.8% -2.44[-3.47,-1.42] -

Heterogeneity: Tau?= 0.51; Chi*=15.20, df=1 (P = 0.0001), F= 93%
Testfor averall effect Z= 4 66 (P = 0.00001)

Total (95% CI) 112 112 100.0% -2.53[-3.04,-2.03] L 2
Heterogeneity. Tau®=0.22; Chi*= 22,50, df= 3 (P = 0.0001), F= 87% ?_1 1 —IS )
Test for averall effect. Z=9.79 (P < 0.00001)

. Laparoscopic Open
Testfor subgroup difierences: Chif= 0.04, df=1 (P= 0.84), F= 0%

o
=,

Figure 5. Forest plot comparing the mean visual analog scale (VAS) pain score between open
proximal ureterolithotomy and laparoscopic.

Comparison of mean length of hospital stay

In the RCTs subgroup, the overall pooled estimate showed that the laparoscopic approach had a
significantly shorter mean length of hospital stay compared to the open surgical (MD: -2.81 days;
95%CI: -3.06, -2.56 days; p<0.00001) (Figure 6). Similarly, in the subgroup of observational
studies also indicated that the laparoscopic approach had a significantly shorter mean length of
hospital stay compared to the open surgical (MD: -2.23 days; 95%CI: -4.20 to -0.26 days; p=0.03)
(Figure 6). The pooled analysis of the mean length of hospital stay from two RCTs and four
observational studies also demonstrated that the laparoscopic approach has a significantly
shorter mean length of hospital stay compared to the open surgical approach. The laparoscopic
group showed a mean reduction in hospital stay by 2.40 days (95% CI -3.42, -1.38; p<0.00001)
(Figure 6), using a random-effect model.
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Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
RCT
Giri 2007 218 1.786 21 462 0532 21 16.4% -2.43[-3.23,-1.63] —
Prakash 2014 286 043 35 571 067 35 18.0% -2.85[3.11,-2.59] -
Subtotal (95% CI) 56 56 34.4% -2.81[-3.06, -2.56] L 2

Heterogeneity: Tau®=0.00; Chi*= 0.96, df=1 (P=0.33); F= 0%
Test for overall effect: Z=21.98 (P = 0.00001)

Obs

Almeida 2009 2366 0733 35 4812 2G/45  FE O 1T0%  -2AG[3.20,-1.91] —
Falahatakar 2011 42 1.28 20 435 148 20 161% -015[-1.02,0.72] —
Goel 2001 33 3793 55 48 1154 26 141%  -1.80[2.60,-0.40] I
Skrepetis 2001 3.2 0848 18 7.8 0726 18 174% -460[5.12 -4.08] —

Subtotal (95% Cl) 128 140 65.6% -2.23[-4.20,-0.26] —angiii—

Heterogeneity: Tau®= 3.87; Chi*= 86.81, df= 3 (P = 0.00001); F=97%
Testfor overall effect £=2.22 (P =0.03)

Total (95% CI) 184 196 100.0% -2.40[-3.42,-1.38] B
Heterogeneity: Tau®=1.48; Chi*= 8851, df= 5 (P = 0.00001); F=94% 14 12 ) :I?
Test for overall effect £=4.62 (P = 0.00001)

R . Laparoscopic Open
Testfor subaroup differences: Chi*=10.33, df=1(P=057), F= 0%

=t

Figure 6. Forest plot comparing the mean length of hospital stay (days) between open proximal
ureterolithotomy and laparoscopic.

Comparison of mean recovery time

Both RCT and observational study subgroups indicated that the overall pooled estimate showed
that the mean recovery time favored the laparoscopic group, with a reduction of -11.82 days and
-8.94 days, respectively (Figure 7). The pooled analysis of the mean recovery time from two
RCTs and three observational studies showed that the average time to return to normal activities
in laparoscopic surgery was significantly shorter by 9.67 days compared to open surgical
approaches (95%CI: -10.81, -8.53; p<0.00001) (Figure 7). A fixed-effect model was used for this
analysis due to low heterogeneity among the studies (I2: 46%; p=0.13).

Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
RCT
Prakash 2014 1229 406 35 2411 455 35 251% -11.82[14.10,-9.54] -
Subtotal (95% CI) 35 35  25.1% -11.82[-14.10, -9.54] L

Heterogeneity: Mot applicable
Testfor overall effect £=10.17 (P = 0.00001)

Obs

Falahatakar 2011 146 432 20 2175 796 200 83%  -TA5[11.12,-3.18] —
Goel 2001 126 1.962 a5 2.7 32534 26 B1.6% -910[10.55,-7.65] |
Skrepetis 2001 12 8.742 18 22 BFT 18 50% -1000[15.11,-4.849] I
Subtotal (95% CI) 93 64 74.9% -8.94[-10.26,-7.63] [ )
Heterogeneity: Chi®= 099, df= 2 (P=061); F=0%

Testfor overall effect 2=13.29 (P = 0.00001}

Total (95% CI) 128 99 100.0% -9.67 [-10.81, -8.53] ¢

R
Laparoscopic Open

Heterogeneity: Chif=5.58, df= 3 (P=013); F= 46%
Testfor overall effect Z=16.60 (P = 0.00001})
Testfor subgroup differences: Chi*= 4.88 df=1 (P=0.03), F=78.2%

Figure 7. Forest plot comparing the mean recovery time (days) between open proximal
ureterolithotomy and laparoscopic.

Comparison of overall complications

In both RCT and observational study subgroups, the difference in overall complications between
the laparoscopic and open groups observed in RCTs was not statistically significant (Figure 8).
Similarly, the pooled analysis of overall complication rates of combined RCTs and observational
studies showed that there was no significant difference in overall complication rates between
laparoscopic and open surgical approaches (OR: 0.68; 95%CI: 0.41, 1.15; p=0.16) (Figure 8). A
fixed-effect model was used for this analysis because of low heterogeneity among the studies (I2:
32%; p=0.20).
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Laparoscopic Open Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
RCT
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Figure 8. Forest plot comparing the overall complications between open proximal
ureterolithotomy and laparoscopic.

Discussion

Ureteral stones are a common urological condition that may lead to significant morbidity and
decreased quality of life [13]. Various surgical approaches have been developed for the
management of proximal ureteral stones, specifically in impacted stone, including open and
laparoscopic ureterolithotomy [7,11,14]. However, there is no consensus on the comparative
effectiveness and associated complications of these techniques. This meta-analysis highlighted
the superiority of the open surgical approach in terms of shorter operative time indicating
potential advantages including reduced anesthesia exposure, improved cost-effectiveness, and
enhanced operating room efficiency. In a study by Yasui et al. [15], laparoscopic ureterolithotomy
via the retroperitoneal route achieved successful outcomes with a mean operative time of around
130 minutes, with most cases falling within a range of 90—130 minutes. However, certain cases
required longer durations due to complexities, highlighting the importance of extensive training
for the laparoscopic approach [15]. The limited working space in laparoscopic procedures and the
complexity of laparoscopic ureterolithotomy, including patient preparation and postoperative
care, as well as the need for more extensive experience to perform the procedure efficiently, may
contribute to these findings [2,16].

In terms of bleeding, this meta-analysis indicated no significant difference between the
laparoscopic and open surgical approaches. A previous study by Goel et al. (2001) reported
comparable results between the two approaches. Yasui et al. [15] successfully completed all
ureterolithotomy procedures laparoscopically without the need for an open operation, with a
mean blood loss (including urine) of 64.4+78.2 ml and a range of 3—212 ml. A study by Almeida
et al. [3] demonstrated successful management and favorable outcomes in all subgroups without
any need for blood transfusions, thereby strengthening the evidence that both laparoscopic and
open surgical techniques are equally effective in terms of bleeding control.

This study result also revealed that the laparoscopic approach was associated with lower
postoperative pain levels and reduced analgesic requirements. The reduced incisional pain in the
laparoscopic group may be attributed to the laparoscopic technique, which involves less muscle
cutting and splitting during the procedure. Consequently, patients in the laparoscopic group also
required notably lower total analgesic requirements, indicating better patient tolerance towards
the laparoscopic approach [2].

The meta-analysis revealed significant advantages of laparoscopic ureterolithotomy in terms
of hospital stay and recovery time compared to open surgical approaches. The pooled analysis
showed a statistically significant reduction in hospital stay by approximately 2.4 days favoring
the laparoscopic approach over open proximal ureterolithotomy. Previous research studies found
that laparoscopic patients experienced shorter hospital stays ranging from 2 to 4 days, while open
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surgery patients had longer stays ranging from 5 to 8 days [2,4,17,18]. Additionally, the
laparoscopic group exhibited a faster mean recovery time of approximately 9.67 days.

Notably, the study conducted by Wani and Durrani also made an important observation that
patients in the laparoscopic group experienced earlier recovery of oral intake by 2—3 hours
compared to the open surgical approach [2,4,17,18]. This, along with smaller surgical incisions,
fewer direct tissue manipulations, reduced postoperative pain, and early mobilization, could
potentially contribute to the shorter hospital stay and faster recovery associated with the
laparoscopic approach [19,20].

Additionally, the overall complication rates between the two approaches were comparable,
suggesting that laparoscopic ureterolithotomy offers similar safety outcomes to open surgery.
Several prior studies have reported variations in the incidence of complications between open
surgical and laparoscopic approaches for ureteral stone management [2,14,21,22]. For example,
Prakash et al. found a complication rate of 11.4% for the laparoscopic approach and 17.4% for the
open approach [2]. Conversely, Almeida et al. [3] demonstrated that the complication rates for
laparoscopic ureterolithotomy and open ureterolithotomy were comparable. Laparoscopic
ureterolithotomy, despite sharing similarities with open surgery, presents distinct advantages
such as smaller incision size, faster postoperative recovery, and reduced direct tissue
manipulation, which may lead to a lower incidence of complications [19]. Another promising
approach for the proximal ureteral stone is the antegrade percutaneous ureterolithotripsy that
offers better outcomes in stone free rate than the retrograde ureterolithotripsy, but further study
is needed to confirm if it is superior than the laparoscopic or open ureterolithotomy [23].

This study is not without limitations. Firstly, most of the included studies were in
retrospective design. The nature of this design may lead to several biases, therefore more RCT
studies are warranted. Secondly, the influence of operator experience, which may alter the
outcome, could not be entirely controlled or analyzed leaving the possibility that this factor may
influence the outcomes.

Conclusion

This meta-analysis offers invaluable insights into the comparison between open and laparoscopic
surgical approaches for proximal ureterolithotomy. Notably, the open surgical approach
demonstrated significantly shorter operative times, while the laparoscopic approach exhibited
advantages such as lower postoperative pain, shorter hospital stays, and faster recovery times.
More RCTs are needed to validate these findings and enhance evidence-based management of
proximal ureteral stones with impaction.
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