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ARTICLE INFO ABSTRACT
Keywords: Background: Endometrial cancer (EC) is a prevalent gynecologic malignancy associated with escalating mortality
Conventional laparoscopic surgery rates. Surgical interventions continue to be the primary treatment modality for EC, with a growing utilization of

Robotic-assisted laparoscopic surgery
Endometrial cancer
Complications

minimally invasive surgeries (MIS) such as robotic-assisted laparoscopic surgery (RALS) and conventional
laparoscopic surgery (CLS). Given the technical advantages of RALS, this study aimed to compare the surgical
outcomes of RALS and CLS in the management of EC.

Methods: A systematic search was conducted on three electronic databases, namely PubMed, Scopus, and ISI Web
of Science, up to June 2024 with no date restriction. Randomized controlled trials and cohort studies that
compared surgical outcomes, intraoperative parameters, and short-term postoperative outcomes between RALS
and CLS in women with EC were included in the analysis. Data on age, body mass index (BMI)kg/m?, dissected
lymph nodes, operative time, estimated blood loss, intraoperative complications (conversion rate to laparotomy
and injuries), and short-term postoperative outcomes (length of hospital stay and complications) in both groups
were collected and analyzed using R software (version 4.2.3). Weighted mean and standardized mean differences
(SMDs) with 95 % confidence intervals (CIs) were used for continuous outcomes, while binary outcomes were
analyzed using pooled odds ratios (ORs) with 95 % CIs using random-effects models. The risk of bias in the
included studies was assessed.

Results: Sixteen studies with 2,725 patients were included. RALS was associated with longer operative time
(170.0 vs. 152.6 min; SMD = 0.5) but lower blood loss (109.1 vs. 180.1 mL; SMD = —0.66), fewer conversions to
laparotomy (OR = 0.29), reduced intraoperative injuries (OR = 0.32), and shorter hospital stay (2.91 vs. 3.36
days; SMD = —0.4) compared to CLS. However, postoperative complications were more frequent with RALS (OR
= 1.8). Most studies had methodological limitations, with over 70 % rated as “poor,” and substantial hetero-
geneity was observed.

Conclusion: RALS provides specific advantages over CLS, including reduced blood loss, fewer conversions, and
shorter hospitalization, but it is associated with longer operative time and higher postoperative complication
rates. Results may primarily reflect outcomes from high-volume or experienced surgeons, limiting generaliz-
ability. Further high-quality prospective studies, including detailed patient-level and surgeon experience data,
are needed to clarify the relative benefits, cost-effectiveness, and long-term outcomes of RALS versus CLS.
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A. Karimzadeh et al.
1. Introduction

The most prevalent gynecologic cancer is endometrial cancer (EC),
which has a mortality rate of 5.1 % per 100,000 women in 2019 and is
increasing by almost 2 % per year. Obesity, physical inactivity, and
excess body weight are associated with more than 70 % of the cases
(Eakin et al., 2023). Globally, there were 91,641 fatalities and 417,000
new cases of EC in 2020 (Mazidimoradi et al., 2024; Kivekas et al.,
2024). Patients with stage IVA and IVB have significantly worse out-
comes, with five-year survival rates of only 17 % and 15 %, respectively
(Mazidimoradi et al., 2024; Makker et al., 2021).

The primary treatment for early-stage EC typically involves surgical
procedures such as total hysterectomy, bilateral salpingo-oophorectomy
(BSO), and pelvic and/or para-aortic lymph node dissection (Wright
et al.,, 2012; Abu-Rustum et al., 2023). Significant improvements in
surgical methods for treating EC have been made during the last three
decades. For EC staging procedures, a number of studies have shown
that the laparoscopic approach has emerged as the preferred technique
and is frequently considered as the gold standard. Compared to the
conventional laparotomic approach, laparoscopy (LPS) has several ad-
vantages, such as less intraoperative blood loss, fewer postoperative
complications, and shorter hospital stays. Notably, laparoscopy has been
demonstrated to have comparable oncological results to laparotomy,
confirming its efficacy in the treatment of EC (Maenpaa et al., 2016;
Johansson and Chan, 2020; Fu et al., 2023; Bergstrom et al., 2018;
Casarin et al., 2018; Mourits et al., 2010).

Since 2005, robotic-assisted laparoscopic surgery (RALS), an
advanced development of conventional laparoscopic surgeries (CLS),
has been used in gynecological procedures to treat benign and malignant
conditions (Xie et al., 2024 6). The primary robotic surgical system used
in gynecological robot-assisted surgery is the Da Vinci® Surgical System,
which was created by Sunnyvale, California-based Intuitive Surgical
(Chandrakar et al., 2022). Surgeons can control robotic arms with this
system’s “master/slave” setup from a console that is located far away.
Enhanced three-dimensional visualization, precise control of robotic
arms with increased mobility, fatigue resistance, tremor reduction,
improved surgeon ergonomics, and a relatively short learning curve are
just a few of the noteworthy technical benefits that RALS offers. Its
widespread use in a variety of thoracoabdominal surgical specialties has
been made possible by these advantages (Moss et al., 2017 14; Lim et al.,
2023). Given the increasing trend towards the use of RALS,our study
aims to perform a comparative analysis of RALS and CLS in the man-
agement of EC, in order to better understand their relative efficacy,
safety, and potential benefits for guiding future clinical decision-
making.

2. Materials and methods
2.1. Protocol and guideline

This systematic review and meta-analysis was conducted in accor-
dance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Page et al., 2021) and Assessing
the Methodological Quality of Systematic Reviews (AMSTAR) guidelines
(Shea et al., 2017), and has been registered with the International Pro-
spective Register of Systematic Reviews (PROSPERO number:
CRD42024552197). Formal ethical approval was not necessary for this
study.

2.2. Inclusion criteria

This study included all randomized controlled trials (RCTs) and
cohort studies of women with EC, as defined by the International Clas-
sification of Diseases (ICD)-11 code 2C76 and confirmed through his-
tological analysis, and compared surgical outcomes, intraoperative
complications, and short-term postoperative complications of between
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RALS using the Da Vinci® Surgical System and CLS, both involving
hysterectomy, BSO, and pelvic lymph node dissection (PLND), with or
without para-aortic lymph node dissection (PaLND).

2.3. Exclusion criteria

The following types of publications were excluded from the analysis:
case reports, case series, commentaries, studies published in languages
other than English, editorials, letters, and articles lacking full-text
availability. Additionally, studies that didn’t report the primary
outcome (estimated blood loss or the duration of operation) or did not
compare these outcomes between the RALS group and a control group of
CLS were excluded. Furthermore, studies involving patients with gyne-
cological indications other than the focus of the study were also
excluded from the analysis.

2.4. Outcomes

The primary outcomes of this study were: (a) operative time, defined
as the time (in minutes) from the initial incision to skin closure; and (b)
estimated blood loss (EBL), measured in milliliter (ml) and recorded in
the anesthesiology notes.

Additionally, the secondary outcomes included: (c) intraoperative
complications: included conversion to laparotomy, urinary tract injury,
gastrointestinal tract injury, nerve injury, and vascular injury; (d) short-
term postoperative outcomes, included the length of hospital stay, the
incidence of urinary tract infections (UTIs), wound infections, the need
for blood transfusions, hernias, lymphoceles, vaginal cuff dehiscence,
and thromboembolic events.

2.5. Search strategy

A computerized literature search was conducted using three elec-
tronic databases, PubMed, Scopus, and ISI Web of Science. The search
used the keywords “Robotic Surgical Procedure”, “Endometrial Cancers”
and “Laparoscopic Surgical Procedure” and encompassed studies pub-
lished until June 2024. To optimize the search results, we employed
MeSH keywords and Boolean operators (such as AND, OR). The refer-
ence lists of relevant papers were reviewed manually by one reviewer
(A.K). For transparency and reproducibility, the search strategy and a
comprehensive list of search terms can be found in Appendix 1.

2.6. Study selection

Following the elimination of duplicate articles, the eligibility
screening process was conducted in two phases. First, H. Gh and A. KA
evaluated the articles based on their titles and abstracts to determine
their relevance to the research topic. Next, L. A. and A. K. carried out a
comprehensive review of the full texts to further assess the articles’
appropriateness for inclusion in the study. In instances of disagreement,
a consensus was achieved through discussion. Each identified article was
assessed using a standardized evaluation format that included criteria
such as study design, methodologies, participant demographics, inter-
vention specifics, and reported outcomes. To elucidate our selection
process, we employed a PRISMA flowchart (Fig. 1), providing a visual
representation of how studies were screened and included in our review.

2.7. Data synthesis and extraction

The two reviewers (A. K and H. Gh) conducted an independent data
collection process from the selected studies utilizing a tailored data
extraction table created in Microsoft Excel 2016. The gathered data
encompassed several essential components, systematically arranged to
enhance understanding and facilitate comparisons. These components
included demographic details (such as the study title, the name of the
first author, publication date, country of origin, study design, surgical
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techniques (RALS versus CLS), type of the surgery (hysterectomy, BSO,
and PLND, with or without PaLND), sample characteristics (including
sample size, age (year), body mass index (BMI) (kg/mz), and past
medical history), study-specific parameters (such as FIGO staging sys-
tem, grading (well differentiated, moderately differentiated, poorly
differentiated, unspecified), pathology findings (endometrioid serous,
clear cell, carcinosarcoma, adenosquamous, mucinous, sarcoma, mixed,
unclassified), prior neoadjuvant treatments, and the number of lymph
nodes dissected, and para-aortic and plevic lymph nodes dissected), as
well as measured outcomes which covered operative time, estimated
blood loss, and intra- and post operative complications. This data was
organized and presented in tables, effectively summarizing both the
characteristics of the studies and the extracted data.

2.8. Assessment of risk bias

In this study, we used the Cochrane Risk of Bias Tool (RoB 2) to
assess the risk of bias in randomized controlled trials. RoB does not have
specific predefined cutoffs but rather assesses the risk of bias in various
domains of a study. For each domain, the RoB provides options to assign
a judgment of “low risk,” “high risk,” or “some concerns” of bias (Sterne
et al., 2019).

Newcastle-Ottawa Scale (NOS) for cohort studies. The quality of
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each study was rated using the following scoring algorithms: >7 points
were considered as “good”, 2 to 6 points were considered as “fair”, and
< 1 point was considered as “poor” quality (Stang, 2010).

2.9. Statistical analysis

Statistical analysis was conducted using R (version 4.2.3). Data were
pooled using a meta-analysis focusing on the efficacy of RALS versus CLS
both involving hysterectomy, BSO, and PLND, with or without PaLND in
women with EC. A random effects meta-analysis was calculated due to
expected heterogeneity was examined using the standardized mean
difference (SMD) 95 % confidence interval [CI]), where SMD values of
<0.2, >0.2 and <0.8, or >0.8 indicated small, moderate, or large effects,
respectively (Cohen, 2013). Binary outcomes, such as the conversion to
laparotomy or intraoperative complication were analyzed using pooled
odds ratios (OR) and 95 % CIs. Between-study variability was compared
with within-study variability (i.e., heterogeneity of effect size) using
both the chi-squared (Q) test of heterogeneity and the I? statistic, which
measures the percentage of variation due to heterogeneity. An I value
<25 % indicated low heterogeneity, whereas values between 35 and 50
% denoted moderate heterogeneity, and those above 50 % denoted high
heterogeneity (Higgins, 2003). A forest plot was generated to visually
present the data from the included studies.

[ Identification of studies via databases and registers ]
)
_s Records removed before screening:
® S Duplicate records removed (n
h‘;_’ Records identified (n=1299) T . =399)
=
[}
S
Records excluded
(n=704)
Reiords screened —» | lack of relevance to the study topic
(n=900) (n=203), or inappropriate study
design (n=501)
Reports sought for retrieval Reports not retrieved
—
= (n=196) (n=7)
=
[
o
[T}
(2]
for eligibili Reports excluded:
Regorts assessed for eligibility _ Did not compare RALS with
(n=189) CLS (n = 94)
Patients were not limited to EC
(n=18)
Primary outcomes weren’t met
(n =22)
Non-English studies (n =5)
4 The surgical technique wasn’t
= aligned with the inclusion
2 Studies included in review criteria (n =34)
E; (n=16)
3]
=

Fig. 1. The study selection process.
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For parameteres such as age, BMI, and number of dissected pelvic
and para-aortic lymph nodes, weighted mean was calculated. the mean
values for each group were multiplied by their respective sample sizes
and then divided by the total sample size. The pooled standard deviation
(SD) for each group was calculated by combining the within-group
variances, adjusting for the sample size, and accounting for the differ-
ences in means within each group. This method provided an estimate of
the overall variability within each group, which was used to assess the
spread and consistency of the data.

Possible publication bias was examined through visual inspection of
funnel plots for all studies in all meta-analyses combined with the
regression-based Egger test (Egger et al., 1997). All two-way statistical
tests were considered with a = 0.05.

3. Results
3.1. Search results

In initial searches, 1299 publications across all the databases were
found. 399 of which were duplicates. 704 publications were eliminated
after a thorough screening of abstracts and titles based on factors like
improper study design or lack of relevance to the research topic. Seven
of the 196 articles that were originally identified for retrieval did not
have full texts available. 22 studies failed to report the primary out-
comes of interest after a thorough review of the remaining 189 articles,
94 studies were ruled out as they used study groups other than robotic
versus conventional laparoscopy, 18 studies were eliminated since they
included participants with conditions outside the purview of EC, and 22
studies failed to report the primary outcomes of interest (estimated
blood loss or operative time). Furthermore, the surgical methods used in
34 studies did not meet the established inclusion criteria. At the end, 16
articles were included in the systematic review and meta-analysis
(Maenpaa et al., 2016; Johansson and Chan, 2020; Chiou et al., 2015;
Aiko et al., 2020; Romano et al., 2016; Hayashi et al., 2024; Gueli Alletti
et al., 2016; Johnson et al., 2017; Mendivil et al., 2015; Cardenas-
Goicoechea et al., 2012; Cardenas-Goicoechea et al., 2010; Lim et al.,
2011; Jung et al., 2010; Lim et al., 2010; Sun et al., 2021; Estape et al.,
2012).

3.2. Synthesis of results

This systematic review encompasses a total of 16 studies involving
1343 patients in the RAL group and 1382 in the CLS group, from the
years 2010 to 2023 (Maenpaa et al., 2016; Johansson and Chan, 2020;
Chiou et al., 2015; Aiko et al., 2020; Romano et al., 2016; Hayashi et al.,
2024; Gueli Alletti et al., 2016; Johnson et al., 2017; Mendivil et al.,
2015; Cardenas-Goicoechea et al., 2012; Cardenas-Goicoechea et al.,
2010; Lim et al., 2011; Jung et al., 2010; Lim et al., 2010; Sun et al.,
2021; Estape et al., 2012). Seven articles described patients who un-
derwent hysterectomy, BSO, and PLND (Maenpaa et al., 2016; Johans-
son and Chan, 2020; Mendivil et al., 2015; Aiko et al., 2020; Romano
et al., 2016; Hayashi et al., 2024; Gueli Alletti et al., 2016), while five
outlined women who had hysterectomy, BSO, PLND, and PaLND
(Cardenas-Goicoechea et al., 2012; Cardenas-Goicoechea et al., 2010;
Lim et al., 2011; Jung et al., 2010; Lim et al., 2010). The study by
Johnson et al. (2016, USA) included two subgroups based on surgical
procedures: one group underwent hysterectomy, BSO, PLND and
PaLND, while the other group underwent hysterectomy, BSO, PLND
without PaLND (Johnson et al., 2017). In the study by Estape et al.,
patients in the RAL group underwent hysterectomy, BSO, and PLND,
whereas patients in the CLS group had hysterectomy, BSO, PLND, and
possibly PaLND (Estape et al., 2012). Similarly, patients in the Sun et al.
and Chiou et al. study were treated with PLND, BSO, and hysterectomy
with or without PaLND (Chiou et al., 2015; Sun et al., 2021) Table 1 lists
the features of the studies that were included in this review.
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3.3. Patients characteristics

The meta-analysis included 11 studies reporting the mean age and
BMI of the participants (Johansson and Chan, 2020; Estape et al., 2012;
Chiou et al., 2015; Aiko et al., 2020; Romano et al., 2016; Hayashi et al.,
2024; Cardenas-Goicoechea et al., 2012; Cardenas-Goicoechea et al.,
2010; Lim et al., 2011; Jung et al., 2010; Lim et al., 2010). The weighted
mean age (+ pooled SD) was 59.76 (11.22) years in the RALS group and
58.73 (12.08) years in the CLS group with no statistically significant
difference (p = 0.54). The weighted mean BMI was slightly higher in
RALS group (29.32 + 8.50) compared to the CLS group (28.99 + 8.34),
although this difference was also not statistically significant (p = 0.49
and p = 0.63, respectively).

The meta-analysis included studies that reported the mean collected
lymph node in participants (Chiou et al., 2015; Aiko et al., 2020; Hay-
ashi et al.,, 2024; Lim et al., 2010; Estape et al., 2012; Cardenas-
Goicoechea et al., 2012; Cardenas-Goicoechea et al., 2010; Lim et al.,
2011). The weighted mean (+pooled SD) of collected lymph nodes pa-
tients in RALS group was 24.21 (14.05), while in CLS group it was 25.47
(18.21), with no statistically significant difference between the groups
(p = 0.66). Six studies reported the number of para-aortic lymph nodes
collected (Johnson et al., 2017; Cardenas-Goicoechea et al., 2012;
Cardenas-Goicoechea et al., 2010; Lim et al., 2011; Jung et al., 2010;
Lim et al., 2010). The weighted mean (+ pooled SD) of para-aortic
lymph in the RALS group was 8.64 (6.97) compared to 10.45 (9.17) in
the CLS group, with no statistically significant difference between the
groups (p = 0.68). Six studies also reported the number of pelvic lymph
nodes collected (Johnson et al., 2017; Cardenas-Goicoechea et al., 2012;
Cardenas-Goicoechea et al., 2010; Lim et al., 2011; Jung et al., 2010;
Lim et al., 2010) The weighted mean (+ pooled SD) of pelvic lymph of
patients in the RALS group was 21.09 (13.99), while in the CLS group it
was 21.27 (14.11), with no statistically significant difference observed
between the groups (p = 0.85) (Chiou et al., 2015; Aiko et al., 2020;
Hayashi et al., 2024; Cardenas-Goicoechea et al., 2012; Cardenas-
Goicoechea et al., 2010; Lim et al., 2011; Jung et al., 2010; Lim et al.,
2010).

3.4. Comparison of intraoperative outcomes of RALS and conventional
CLS

The primary outcome of this systematic review was to compare
operative time and estimated blood loss in two groups.

3.4.1. Comparison of operative time of RALS and CLS

A total of 2483 participants from 12 studies were included in the
meta-analysis, comprising 1225 patients in the RALS group and 1258 in
the CSL group (Johansson and Chan, 2020; Chiou et al., 2015; Aiko
et al., 2020; Hayashi et al., 2024; Johnson et al., 2017; Estape et al.,
2012; Cardenas-Goicoechea et al., 2012; Cardenas-Goicoechea et al.,
2010; Lim et al., 2011; Jung et al., 2010; Lim et al., 2010). In the study
by Johnson et al. (Johnson et al., 2017), operative times were reported
separately based on the surgical approach, which led to the inclusion of
two arms: (1) hysterectomy, BSO, PLND; and (2) hysterectomy, BSO,
PLND with and without PaLND. The mean operative time was 170.04
min for the RALS group and 152.55 min for the CLS group. The data on
operative time for both RALS and CLS are presented in detail in Table 2.
The random-effects meta-analysis revealed a statistically significant
SMD of 0.5 (95 % CI: 0.06 to 1.01; p = 0.0281), indicating that RALS was
associated with a moderately longer operative time compared to CLS.
However, substantial heterogeneity was detected among the included
studies (12 = 96.8 %, T2 = 0.6727), suggesting considerable variability in
effect sizes across studies, possibly due to differences in study design,
patient populations, or surgical techniques (Fig. 2). The publication bias
of the studies included in the operative time analysis is shown. While the
bias estimate (—6.2059) suggests some degree of funnel plot asymmetry,
the lack of statistical significance indicates that there is no strong
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Table 1
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Characteristics of studies between conventional laparoscopic surgery and robotic-assisted laparoscopic surgery: study characteristics stratified by surgical approach
(hysterectomy, BSO, PLND, and with or without PaLND).

Study, Date, and Sample Grade (n, %) Stage (n, %) Pathology findings (n, %) Age (year) BMI (kg/ Lymph node Quality
Country Size (n) (Mean, SD) m?) (Mean, dissected of the
CLS vs. SD) (Mean, SD) Article
RALS
Hysterectomy + BSO + PLND
Mendivil et al., 13 16 1=9(69.2 %) vs. 1=13(100.0 Endometrioid = 9 (69.2 %) vs. 12 Media54 vs. Median: N/A Poor
2015, USA ( 6 (37.5 %) %) vs. 15 (75.0 %) 59 51.2 vs.
Mendivil et al., II=3(23.1%) vs. (93.8 %)II = Serous = 1 (7.7 %) vs. 0 (0.0 %)Mixed 47.9
2015) 9 (56.3 %)III = 1 0(0.0%)vs.1 =2 (15.4 %) vs. 4 (25.0 %)
(7.7 %) vs. 1 (6.3 (6.3 %)
%)
Alletti et al., 2015, 15 15 N/A N/A N/A N/A N/A Median: Poor
Italy (Gueli Alletti 15vs. 18
et al., 2016)
Cucinella et. al, 18 26 N/A 1=18(100.0 N/A 52.4 vs. 55 28.5 vs. N/A Poor
2015, Italy ( %) vs. 26 29.1
Romano et al., (100.0 %)
2016)
Johnson et al., 234 143 N/A N/A N/A N/A N/A N/A Poor
2016, USA (
Johnson et al.,
2017)
Méienpaa et al., 50 49 1= 34 (68.0 %) 1=143(86.0 N/A Median: 67 Median: 29 Median: Low risk
2016, Finland ( vs. 31 (63.3 %) %) vs. 41 vs. 70 vs. 29 25 vs. 23
Méenpéa et al., II =10 (20.0 %) (83.7 %)
2016) vs. 14 (28.6 %) 11 =0 (0.0 %)
M =3(6.0%)vs. vs. 3(6.1%)
0 (0.0 %)V =3 I = 5 (10.0
(6.0 %) vs. 4 (8.2 %) vs. 5 (10.2
%) %)IV = 0 (0.0
%) vs. 5 (10.2
%)
Aiko et al., 2020, 121 102  I=42(34.7 %) 1=119(98.3 Endometrioid = 106 (87.6 %) vs. 83 56 (11) vs. 25.2 (5.9) 41 (16) vs. Poor
Japan (Aiko et al., vs. 49 (48.0 %) I %) vs. 101 (81.4 %) Serous = 5 (4.1 %) vs. 4 (3.9 58 (11) vs. 24.0 42 (174)
2020) =49 (40.5%) vs.  (99.0 %) Il = %) Clear cell = 2 (1.7 %) vs. 2 (2.0 %) 3.8)
35 (34.3 %) IIl = 2(1.7%) vs. 1 Carcinosarcoma = 5 (4.1 %) vs. 2 (2.0
16 (13.2 %) vs. 7 (1.0 %) %) Mucinous = 0 (0.0 %) vs. 2 (2.0 %)
(6.9 %) Sarcoma = 1 (0.8 %) vs. 0 (0.0 %)
Mixed = 2 (1.7 %) vs. 1 (1.0 %)
Johansson at al., 39 41 1 =23 (59.0 %) 1=33(84.6 Endometrioid = 34 (87.2 %) vs. 38 64.6 37.6 Median: Fair
2020, Australia ( vs. 27 (65.9 %) %) vs. 35 (92.7 %) (10.43) vs. (10.63) vs. 6vs.7
Johansson and 11 =6(15.4 %) vs. (85.4 %) Serous = 1 (2.6 %) vs. 2 (4.9 %) 63.7 33.8 (9.96)
Chan, 2020) 7 (17.1 %) I =3(7.7 %) Clear cell =1 (2.6 %) vs. 0 (0.0 %) (10.12)
I = 6 (15.4 %) vs. 0 (0.0 %) Carcinosarcoma = 3 (7.7 %) vs. 1 (2.4
vs.6(14.6%)IV= MI=3(7.7%) %)
4 (10.3 %) vs. 1 vs. 6 (14.6 %)
(2.4 %) IV =0 (0.0 %)
vs. 6 (14.6 %)
Hayashi et al., 99 77 N/A 1=93(93.9 Endometrioid = 93 (93.9 %) vs. 70 54.2 (11.5) 23 (6.7) vs. 20 (13) vs. Fair
2023, Japan ( %) vs. 74 (90.9 %) vs. 55.1 21 (5.4 16 (10.9)
Hayashi et al., (96.1 %) Serous = 2 (2.0 %) vs. 1 (1.3 %) (11.1)
2024) II = 0 (0.0 %) Clear cell =1 (1.0 %) vs. 0 (0.0 %)
vs. 1 (1.3 %) Mucinous = 1 (1.0 %) vs. 1 (1.3 %)
M=6(6.1%) Mixed =4 (4.0 %) vs. 5 (6.5 %)
vs. 2 (2.6 %) Unclassified = 0 (0.0 %) vs. 0 (0.0 %)
IV =0 (0.0 %)
vs. 0 (0.0 %)
Hysterectomy + BSO + PLND + PaLND
Cardenas- 102 173 I=51(50.0 %) 1=282(80.4 Endometrioid = 85 (83.3 %) vs. 157 62 (8.7) vs. 32.32 Pelvic: Poor
Goicoechea et al., vs. 106 (61.3 %) %) vs. 152 (90.8 %) 59.6 (9.75) (8.13) vs. 13 (6.8) vs.
2010, USA ( I = 24 (23.5 %) (87.9 %) Serous = 7 (6.9 %) vs. 8 (4.6 %) 32.7 (9.5) 16.1 (8.88)
Cardenas- vs. 43 (24.9 %)III II=3(29 %) Clear cell =1 (1.0 %) vs. 0 (0.0 %) Para-aortic:
Goicoechea et al., = 27 (26.5 %) vs. vs. 9 (5.2 %) MMMT = 4 (3.9 %) vs. 7 (4.0 %) 9 (6.1) vs.
2010) 24 (13.9 %) I = 16 (15.7 Mixed = 5 (4.9 %) vs. 1 (0.6 %) 7.18 (6.01)
%) vs. 11 (6.4 Total:
%)V =1 (1.0 22(10.3) vs.
%) vs. 1 (0.6 23 (12.2)
%)
Lim et al., 2010, 122 122 N/A N/A N/A 62.1 (8.4) 31.0 (8.8) Pelvic: Poor
USA (Lim et al., vs. 61.6 vs. 29.9 19.2 (9) vs.
2011) (11.8) (7.0) 24.7 (11.9)

Para-aortic:

(continued on next page)
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Study, Date, and Sample Grade (n, %) Stage (n, %) Pathology findings (n, %) Age (year) BMI (kg/ Lymph node Quality
Country Size (n) (Mean, SD) m?) (Mean, dissected of the
CLS vs. SD) (Mean, SD) Article
RALS
5.8 (7.8) vs.
18.4 (9.7)
Total:
25.1 (12.7)
vs. 43.1
(17.8)
Jung et al., 2010, 28 25 N/A 1=28(100.0 Endometrioid = 28 (100.0 %) vs. 24 52.89 23.38 Pelvic: Poor
Korea (Jung et al., %) vs. 25 (96.0 %) (11.91) vs. (3.08) vs. 21.14 (9.28)
2010) (100.0 %) Serous = 0 (0.0 %) vs. 0 (0.0 %)Clear 49.88 25.17 vs. 18.36
cell =0 (0.0 %) vs. 1 (4.0 %) (10.75) (5.11) (7.25)
Para-aortic:
7.71 (7.32)
vs. 4.41
(3.26)
Lim at al., 2010, 56 56 N/A N/A N/A 62.5 (8.4) 30.4 (8.8) Pelvic: Poor
USA (Lim et al., vs. 61.4 vs. 28.2 19.2(7.9)
2010) (11.7) 6.7) vs. 24.1
(11.8)
Para-aortic:
12.9 (7.6)
vs. 20.9
(12.1)
Total:
26.7 (12.8)
vs. 45.1
(20.9)
Cardenas- 187 245 1=93(49.7 %) 1=157 (84.0 Endometrioid = 155 (82.9 %) vs. 219 62.1 (9.4) 31.8(7.95)  Pelvic: 12.5 Poor
Goicoechea et al., vs. 136 (55.5 %) %) vs. 201 (89.4 %) vs. 61.2 vs. 31.8 (6.36) vs.
2012, USA ( I = 44 (23.5 %) (82.0 %) Serous = 10 (5.3 %) vs. 12 (4.9 %) (10.5) (8.89) 14.6 (8.32)
Cardenas- vs. 67 (27.3 %) 1I=5(2.7%) Clear cell = 4 (2.1 %) vs. 1 (0.4 %) Para-aortic:
Goicoechea et al., III = 50 (26.7 %) vs. 13 (5.3 %)  Carcinosarcoma = 8 (4.3 %) vs. 7 (2.9 8.92 (5.44)
2012) vs. 42 (17.1 %)IV III = 24 (12.8 %) vs. 7.57
=1(0.5%) vs. 4 %) vs. 27 MMMT = 0 (0.0 %) vs. 3 (1.2 %) (5.79)
(1.6 %) (11.0 %)V = Mixed = 10 (5.3 %) vs. 3 (1.2 %) Total:
1 (0.5 %) vs. 4 18.9 (10.4)
(1.6 %) vs. 20 (12.1)
Johnson et al., 49 20 N/A N/A N/A N/A N/A Para-aortic: Poor
2016, USA, ( 9.56 (7.96)
Johnson et al., vs. 3.75
2017) (3.39)
Hysterectomy + BSO + PLND =+ PaLND
Estape at al., 2012, 102 104 I=24(23.5%) 1=90(88.2 Endometrioid = 89 (87.3 %) vs. 92 64 (14.5) 31.5(8.3) 16(8.2)vs.5  Fair
USA (Estape vs. 36 (34.6 %) %) vs. 94 (88.5 %) vs. 60.8 vs. 30.3 (4.6)
et al., 2012) II = 52 (51.0 %) (90.4 %) Serous = 2 (2.0 %) vs. 3 (2.9 %) (13.2) (6.9)
vs. 51 (49.0 %)III II =6 (5.9 %) Adenosquamous = 1 (1.0 %) vs. 0 (0.0
=26(25.5%) vs. vs.5(4.8%) %)Unclassified = 10 (9.8 %) vs. 9 (8.7
17 (16.3 %) I =3 (2.9 %) %)
vs. 5 (4.8 %)
IV =2(2.0%)
vs. 0 (0.0 %)
Chiou et al., 2014, 86 150 N/A 1=72(83.7 Endometrioid = 74 (86.0 %) vs. 127 53.6 (11.1) 26.0 (5.2) 26.5 (10.7) Poor
Taiwan (Chiou %) vs. 121 (84.7 %) vs. 51.4 vs. 25.6 vs. 23.4
et al., 2015) (80.7 %) Serous = 2 (2.3 %) vs. 1 (0.7 %) (14.2) (5.6) (14.2)
I =2 (2.3 %) Clear cell = 0 (0.0 %) vs. 3 (2.0 %)
vs. 9 (6.0 %) Carcinosarcoma = 0 (0.0 %) vs. 0 (0.0
=12 140 %)
%) vs. 20 Adenosquamous = 0 (0.0 %) vs. 0 (0.0
(13.3 %) %)
Mucinous = 0 (0.0 %) vs. 2 (1.3 %)
MMMT = 0 (0.0 %) vs. 0 (0.0 %)
Sarcoma = 0 (0.0 %) vs. 0 (0.0 %)
Mixed = 10 (11.6 %) vs. 16 (10.7 %)
Unclassified = 0 (0.0 %) vs. 1 (0.7 %)
Sun et al., 2021, 22 18 N/A 1=22(100.0 Endometrioid = 22 (100.0 %) vs. 18 Media56 vs. Median: 25 N/A Poor
China (Sun et al., %) vs. 18 (100.0 %) 55.5 vs. 24.5
2021) (100.0 %)

Abbreviation: BMI: Body mass index, BSO: Bilateral salpingo-oophorectomy, CLS: conventional laparoscopic surgery,
MMMT: Malignant mixed miillerian tumors, N/A: Not available, n: number, PLND: Pelvic lymph node dissection, PaLND: Para-aortic lymph node dissection, RALS:
Robotic-assisted laparoscopic surgery.

* Numbers represent CLS vs. RALS groups, respectively.
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Comparison of surgical and intra-operative complications between conventional laparoscopic surgery and robotic-assisted laparoscopic surgery: study characteristics
stratified by surgical approach (hysterectomy, BSO, PLND, and with or without PaLND).

Study, Date, and Country Sample Operative time Estimated blood Conversion to Urinary tract GI tract Nerve Vascular
Size (n) (min) (Mean, SD) loss (ml) (Mean, laparotomy (n, injury (n, %) injury (n, injury (n, injury (n, %)
CLS vs. SD) %) %) %)
RALS

Hysterectomy + BSO + PLND

Mendivil et al., 2015, USA ( 13 16 Median (range) Median (range) 1(7.7 %) vs. 1 N/A N/A N/A N/A
Mendivil et al., 2015) 166.8 (85.2-265.2) 100 (50-150) vs. (6.3 %)

vs. 109.2 (66-235) 175 (25-700)

Alletti et al., 2015, Italy ( 15 15 Median (range) Median (range) 60 2(13.3 %) vs. N/A N/A N/A N/A

Gueli Alletti et al., 2016) 193 (129-290) vs. (0-200) vs. 84 0 (0.0 %)
104 (36-106) (20-200)

Cucinella et al., 2015, Italy ( 18 26 102.5 vs. 95.7 50 vs. 150 0 (0.0 %) vs. 0 (0.0 %) vs. 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) vs.

Romano et al., 2016) 0 (0.0 %) 0 (0.0 %) vs. 0 (0.0 vs. 0 (0.0 0 (0.0 %)
%) %)

Johnson et al., 2016, USA ( 234 143 125.6 (32.8) vs. 75.8 N/A N/A N/A N/A N/A N/A
Johnson et al., 2017) (29.3)

Maenpaa et al., 2016, Finland 50 49 Median (range) Median (range) 0 (0.0 %) vs. 5 0 (0.0 %) vs. 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) vs.
(Méenpai et al., 2016) 139 (86-197) vs. 50 (5-500) (10.2 %) 1 (2.0 %) vs. 1 (2.0 vs. 1 (2.0 1 (2.0 %)

170 (126-259) Vs. 50 (20-1200) %) %)

Aiko et al., 2020, Japan (Aiko 121 102 178 (41) vs. 133 237 (146) vs. 196 1 (0.8 %) vs. 1 (0.8 %) vs. 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) vs.

et al., 2020) (28) (153) 0 (0.0 %) 1(1.0 %) vs. 1 (1.0 vs. 0 (0.0 0 (0.0 %)
%) %)

Johansson at al., 2020, 39 41 132.9 (32.3) vs. 22.3vs.77.7 0 (0.0 %) vs. N/A N/A N/A N/A
Australia (Johansson and 107.1 (24.4) 0 (0.0 %)

Chan, 2020)

Hayashi et al., 2023, Japan ( 99 77 226 (69.2) vs. 234 10 (78.2) vs. 50 0(0.0%) vs. 1 1 (1.0 %) vs. N/A 0 (0.0 %) 0 (0.0 %) vs.
Hayashi et al., 2024) (60.0) (279.6) (1.3 %) 0 (0.0 %) vs. 2 (2.6 1(1.3%)

%)

Hysterectomy + BSO + PLND + PaLND

Cardenas-Goicoechea et al., 102 173 237 (57) vs. 178 109 (83.3) vs. 187 1(1.0%) vs. 9 0 (0.0 %) vs. 2 (2.0 %) 1 (1.0 %) N/A
2010, USA (Cardenas- (58.9) (187) (5.2 %) 6 (3.5 %) vs. 0 (0.0 vs. 9 (5.2
Goicoechea et al., 2010) %) %)

Lim et al., 122 122 147.2 (48.2) vs. 81.1 (45.9) vs. 1(0.8 %) vs. 8 0 (0.0 %) vs. 1 (0.8 %) 0 (0.0 %) 0 (0.0 %) vs.
2010, USA (Lim et al., 186.8 (59.8) 207.4 (109.4) (6.6 %) 2 (1.6 %) vs. 1 (0.8 vs. 3 (2.5 1 (0.8 %)
2011) %) %)

Jung et al., 2010, Korea (Jung 28 25 193.18 (60.42) vs. N/A N/A N/A N/A N/A N/A
et al., 2010) 165.2 (43.39)

Lim at al., 2010, USA (Lim 56 56 162.5 (53.0) vs. 89.3 (45.4) vs. 1(1.8%)vs. 4 0 (0.0 %) vs. 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) vs.
et al., 2010) 192.3 (55.5) 209.1 (91.8) (7.1 %) 2 (3.6 %) vs. 1 (1.8 vs. 3 (5.4 1(1.8%)

%) %)

Cardenas-Goicoechea et al., 187 245  218(58.8) vs. 161 110 (82.9) 1 (0.5 %) vs. 10 0 (0.0 %) vs. 3 (1.6 %) N/A 0 (0.0 %) vs.
2012, USA (Cardenas- (58.9) Vs. 187 (169) (4.1 %) 7 (2.9 %) vs. 0 (0.0 1 (0.4 %)
Goicoechea et al., 2012) %)

Johnson et al., 2016, USA ( 49 20 162.1 (34.0) vs. N/ N/A N/A N/A N/A N/A
Johnson et al., 2017) 106.1 (24.5)

Hysterectomy + BSO + PLND + PaLND

Estape at al., 2012, USA ( 102 104 108.7(37.5)vs.79.4  108.4 (94.1) vs. 0(0.0 %) vs. 1 0 (0.0 %) vs. N/A N/A N/A
Estape et al., 2012) (121.7) 193.7 (110.2) (1.0 %) 1 (1.0 %)

Chiou et al., 2014, Taiwan ( 86 150 155.6(45.7) vs. 94.8 (78.6) vs. N/A N/A N/A N/A N/A
Chiou et al., 2015) 178.6(58.7) 174.2 (229.6)

Sun et al., 2021, China (Sun 22 18 Median (range) Median (range) 0 (0.0 %) vs. 0 (0.0 %) vs. 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) vs.
et al., 2021) 95 (85-150) vs. 125 50 (30-100) vs. 85 0 (0.0 %) 0 (0.0 %) vs. 0 (0.0 vs. 0 (0.0 0 (0.0 %)

(95-150) (50-120) %) %)

Abbreviations: BSO: Bilateral salpingo-oophorectomy, GI: Gastrointestinal, Ml: Milliliter, Min: Minutes, N/A: Not available, n: Mumber, PLND: Pelvic lymph node

dissection, PaLND: Para-aortic lymph node dissection, SD: Standard deviation
* Numbers represent CLS vs. RALS groups, respectively.

evidence of publication bias or small-study effects in the meta-analysis
(Supplementary Fig. 1a).

3.4.2. Estimated blood loss of RALS and CLS

With 875 observations in the RALS group and 1029 in the CLS group,
the meta-analysis consists of 8 studies encompassing 1904 observations
(24,25,27,31-33,35,37). The mean estimated blood loss was 109.10 mL
for the RALS group and 180.07 mL for the CLS group. Table 2 presents
the estimated blood loss and study characteristics by individual study.
The pooled SMD was —0.7 (95 % CL: —1.1 to —0.2; p = 0.0029), indi-
cating a statistically significant reduction in blood loss in the RALS
group compared to the CLS group. This moderate-to-large effect size

suggests a clinically meaningful advantage for RALS. However, the I?
value of 93.9 % reflects substantial heterogeneity across studies, indi-
cating considerable variability in effect estimates. The Q-test for het-
erogeneity was also significant (Q = 114.52, df = 7, p < 0.0001),
supporting the presence of substantial inter-study differences (Fig. 3).
The publication bias of the studies included in the estimated blood loss
analysis shows that the bias estimate (6.2431) is positive, indicating a
potential asymmetry in the funnel plot. However, because of the the
small number of studies (k = 8) and the high standard error, the evi-
dence remains weak and inconclusive (Supplementary Fig. 1b).
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Cardenas-Goicoechea etal., 2013 187 218.00 58.8 245 161.00 58.9 ] 10 [08; 1.2] 86%
Chiouetal, 2015 86 15560 457 150 17860 587 . 3 04 [07,-02] 85%
Cardenas-Goicoechea etal., 2010 102 237.00 57.0 173 178.00 589 = 5 10 [08; 1.3] 85%
Limetal, 2011 122 14720 482 122 18680 598 E 3 07 [11.0;-05] 85%
Aiko et al., 2020 121 178.00 41.0 102 133.00 280 S 1.3 [1.0; 1.5] 85%
Estape et al., 2011 102 108.70 375 104 7940 1217 i 03 [00; 06] 85%
Johansson and Hee Chan., 2020 39 13290 323 41 10710 244 -~ 09 [04; 14 81%
Jungetal, 2010 28 193.18 604 25 16520 434 —i— 05 [[00; 11] 78%
Hayashi et al., 2023 99 226.00 69.2 77 23400 600 5N 01 [04,02] 85%
Limetal, 2010 56 16250 53.0 56 19230 555 - 05 [[09;-02] 83%
Johnson et al., 2016 234 12560 328 143 7580 293 : 3 16 [13; 18] 86%
Johnson et al., 2016 49 162.10 340 20 106.10 245 —— 18 [12,24] 77%
Random effects model 1225 1258 : I '.'l 0.5 [0.1; 1.0] 100.0%

Heterogeneity: 1° = 97%, t° = 0.6727, p < 0.01

2 -1 0 1 2

Fig. 2. Forest plot of random effects standardized mean difference (SMD) between control and treatment means for procedural time. The solid diamonds represent
individual studies and their weighting by the inverse of their respective variances. The horizontal lines represent the 95 % confidence interval for the study. The open
diamond represents the overall SMD and its width represents the associated 95 % confidence interval. The solid line is the line depicting no intervention effect.

3.4.3. Comparison of intraoperative complications and short term post-
operative outcomes of RALS and CLS

Intraoperative complications and short-term postoperative outcomes
were evaluated as secondary outcomes in this study. The results of
secondary outcomes are presented in Table 2.

3.4.3.1. Intraoperative complications RALS and CLS. Intraoperative
complications including conversion to laparotomy and injuries (urinary,
gastrointestinal, nerve, and vascular).
3.4.3.1.1. Comparison of conversion to laparotomy of RALS and CLS.

Although 13 studies with a total of 2043 observations (974 in the RALS
group and 1069 in the CLS) were considered for this variable (Maenpaa
et al., 2016; Johansson and Chan, 2020; Aiko et al., 2020; Romano et al.,
2016; Hayashi et al., 2024; Gueli Alletti et al., 2016; Mendivil et al.,
2015; Cardenas-Goicoechea et al., 2012; Cardenas-Goicoechea et al.,
2010; Lim et al., 2011; Jung et al., 2010; Lim et al., 2010; Sun et al.,
2021; Estape et al., 2012), only 10 studies were included in the meta-
analysis because, in the remaining studies, no events were reported in
either arm (Chiou et al., 2015; Johnson et al., 2017; Jung et al., 2010)
Nevertheless, these studies are included in the plot for transparency and
to reflect their contribution to the overall sample structure. Across these
studies, 47 events were reported. The pooled OR from the random ef-
fects model is 0.29 (95 % CI: 0.13-0.65), indicating that the RALS group
had a statistically significant 71 % reduction in the odds of the event

Heterogeneity among the included studies was low, as indicated by an I2
of 0.0 % and a non-significant Q-test (Q = 8.59, df = 9, p = 0.48),
suggesting consistent results across studies. The between-study variance
(tau?) was near zero, further supporting minimal variability in effect
sizes. The significant result of the Egger’s test (p = 0.0494) suggests
potential funnel plot asymmetry, possibly indicating publication bias or
small-study effects, with a bias estimate of 3.0801 (SE = 1.3311) and
moderate heterogeneity (12> = 0.6432) (Supplementary Fig. 1c).
3.4.3.1.2. Comparison of intraoperative injuries of RALS and CLS.

Although the forest plot displays all 11 studies comprising 1984 obser-
vations (946 in the RALS group and 1038 in the CLS group) (Maenpaa
et al., 2016; Johansson and Chan, 2020; Aiko et al., 2020; Romano et al.,
2016; Hayashi et al., 2024; Cardenas-Goicoechea et al., 2012; Cardenas-
Goicoechea et al., 2010; Lim et al., 2011; Jung et al., 2010; Lim et al.,
2010; Sun et al., 2021; Estape et al., 2012); only eight studies contrib-
uted to the pooled effect estimate, as other studies reported no events in
either the RALS or CLS groups (Chiou et al., 2015; Johnson et al., 2017;
Jung et al., 2010). Nevertheless, all twelve studies are displayed in the
forest plot for transparency and to acknowledge their contribution to the
overall sample size. A total of 46 intraoperative complications were
reported, including gastrointestinal, vascular, nerve, and urinary in-
juries. A single pooled OR was calculated for these grouped complica-
tions, indicating that RALS is associated with a 69 % lower risk of
intraoperative injuries compared to CLS (pooled OR: 0.31). With a p-

compared to the CLS group (z = -3.01, p = 0.0026). (Fig. 4). value of 0.0019, this finding is statistically significant and suggests a
Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Cardenas-Goicoechea etal, 2013 187 110.00 829 245 187.00 169.0 : 3 -06 [07;-04] 129%
Chiouetal., 2015 86 9480 786 150 17420 2296 i 04 [07,02] 126%
Cardenas-Goicoechea etal, 2010 102 109.00 833 173 187.00 187.0 - 05 [07;-02] 127%
Limetal, 2011 122 8110 459 122 20740 1094 W -15 [18,-12] 125%
Aiko et al,, 2020 121 237.00 1460 102 196.00 153.0 -l 03 [0.0; 0.5] 126%
Estape etal, 2011 102 10840 941 104 193.70 110.2 - 08 [-[1.1;,-05] 125%
Hayashi et al., 2023 99 1000 782 77 5000 2796 i 02 [05; 01 125%
Limetal, 2010 56 8930 454 5620910 918 —M— 16 [21;-12] 11.7%
Random effects model 875 1029 e cott -0.7 [-1.1; -0.2] 100.0%
Heterogeneity: 12 = 94%, t* = 0.3753, p < 0.01 ' I J !

2 -1 0 1 2

Fig. 3. Forest plot of random effects standardized mean difference (SMD) between control and treatment means for estimated blood loss. The solid diamonds
represent individual studies and their weighting by the inverse of their respective variances. The horizontal lines represent the 95 % confidence interval for the study.
The open diamond represents the overall SMD and its width represents the associated 95 % confidence interval. The solid line is the line depicting no interven-

tion effect.
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Experimental Control
Study Events Total Events Total
Cardenas-Goicoechea et al., 2013 1 187 10 245
Cardenas-Goicoechea et al., 2010 1 102 9 173
Limetal, 2011 1 122 8 122
Aiko et al., 2020 1 121 0 102
Cucinella et al., 2015 0 18 0 26
Estape etal., 2011 0 102 1 104
Johansson and Hee Chan., 2020 0 39 0 4
Jung etal., 2010 0 28 0 25
Maenpaa et al, 2016 0 50 5 49
Sun et al., 2021 0 22 0 18
Hayashi et al., 2023 0 99 177
Limetal, 2010 1 56 4 56
Gueli Alletti et al., 2015 2 15 0 15
Mendivil et al., 2015 1 13 1 16
Random effects model 8 974 39 1069
Heterogeneity: /° = 0%, t~ < 0.0001, p = 0.48
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Odds Ratio OR 95%-Cl Weight
—— 0.13 [0.02; 1.00] 154%
—— 018 [0.02; 1.45] 151%
—il— 012 [0.01; 096] 149%

= 255 [0.10; 63.32] 6.3%

0.0%

— 0.34 [0.01; 836] 6.3%
0.0%

0.0%

L 0.08 [000; 149] 77%
0.0%

—_— 026 [0.01; 638] 63%
—— 024 [0.03; 2.18] 132%
o 574 [0.25;130.37] 6.7%

— 125 [0.07; 2213] 7.9%
| I’ I | 0.29 [0.13; 0.65] 100.0%

001 01 1 10 100
Conversion

Fig. 4. Forest plot effect of robotic-assisted laparoscopy on conversion. The odds ratio and 95 % confidence interval are plotted for each study. The pooled odds ratio
(diamond apex) and 95 % confidence interval (diamond width) is calculated using a random effects model.

strong association (Fig. 5). An 12 value of 0 % and a non-significant Q-
test (p = 0.84) indicate minimal heterogeneity across the studies. The 72
value is also 0, further confirming the lack of between-study variability.
These results collectively support a consistent protective effect of the
intervention across the included studies. The Egger’s test showed no
significant evidence of funnel plot asymmetry (p = 0.3964), but the
small number of studies (k = 8) and missing data limit the reliability of
the results (Supplementary Fig. 1d).

3.4.3.2. Comparison of short-term postoperative outcomes between RALS
and CLS. Short-term postoperative outcomes included hospital length of
stay and complications such as urinary tract infections (UTIs), wound
infections, blood transfusions, hernias, lymphoceles, vaginal cuff
dehiscence, and thromboembolic events.

3.4.3.2.1. Comparison of length of hospital stay of RALS and CLS. The
meta-analysis includes 7 studies with a total of 1728 observations, with
776 in the RALS group and 952 in the CLS group (Chiou et al., 2015;
Aiko et al., 2020; Lim et al., 2010; Estape et al., 2012; Cardenas-
Goicoechea et al., 2012; Cardenas-Goicoechea et al., 2010; Lim et al.,
2011). On average, the hospital stay was 2.91 days in the RALS group
and 3.36 days in the CLS group, demonstrating a clinically meaningful
benefit of RALS in reducing recovery time (Table 3). The pooled SMD
was —0.44 (95 % CI: —0.77 to —0.11), indicating a moderate but sta-
tistically significant reduction in hospital stay for patients undergoing

Experimental Control
Study Events Total Events Total
Cardenas-Goicoechea et al., 2013 3 187 8 245
Cardenas-Goicoechea et al., 2010 2 102 6 173
Limetal, 2011 1 122 7 122
Aiko et al., 2020 1 121 2 102
Cucinella et al., 2015 0 18 0 26
Estape etal , 2011 0 102 1 104
Johansson and Hee Chan., 2020 0 39 0 M4
Jung et al., 2010 0 28 0 25
Maenpaa et al, 2016 0 50 4 49
Sun et al., 2021 0 22 0 18
Hayashi et al_, 2023 1 99 3 T
Limetal, 2010 0 56 7 56
Random effects model 8 946 38 1038

Heterogeneity: /> = 0%, ©°=0, p =0.84

RALS compared to CLS (p = 0.0091) (Fig. 6). However, there is
considerable heterogeneity among the studies, as indicated by an 12 of
88.3 %, which means there is significant variability in the effect sizes.
The Q-test (p < 0.0001) confirms the presence of high heterogeneity.
The Egger’s test showed no significant evidence of funnel plot asym-
metry (p = 0.2113), with a bias estimate of —7.5779 (SE = 5.2879), but
the small number of studies (k = 7) limits the reliability of these findings
(Supplementary Fig. 1e).

3.4.3.2.2. Post operative complications of RALS and CLS. Although
the forest plot displays all 11 studies with a total of 2100 observa-
tions—971 in the RALS and 1129 in the CLS—with 169 events reported
(7.24-27.31-35.37), for the purpose of calculating the pooled effect
estimate, only 10 studies were considered because one study had no
events in either the RALS or CLS groups (Sun et al., 2021). Despite this,
the forest plot includes all studies to maintain transparency and
acknowledge their role in the total sample size. The pooled OR is 1.8,
suggesting that the of RALS increases the odds of the complications by
approximately 77 % compared to the CLS. This result is statistically
significant, with a p-value of 0.0008, indicating a reliable effect (Fig. 7).
Heterogeneity across studies is negligible, as shown by an I2 of 0.0 %
and a non-significant Q-test (p = 0.8805), indicating consistency in the
effect size among the studies. The tau2 value is also 0, reinforcing the
lack of variability in the findings. These results suggest a robust and
consistent association between the intervention or exposure and the

Odds Ratio OR  95%-Cl Weight

— 0.48 [0.13;1.85] 30.0%

—— 056 [0.11;2.81] 205%

— 0.14 [0.02;112] 121%

—— 0.42 [0.04;466] 92%

0.0%

0.34 [001;836] 52%

0.0%

0.0%

o 0.10 [001;191] 62%

0.0%

— 0.25 [0.03;2.47] 10.3%

- 0.06 [0.00;1.05] 65%

| IO : | 0.31 [0.15; 0.64] 100.0%
001 01 1 10 100

Intra-operative Injuries

Fig. 5. Forest plot effect of robotic-assisted laparoscopy on intra-operative complications. The odds ratio and 95 % confidence interval are plotted for each study. The
pooled odds ratio (diamond apex) and 95 % confidence interval (diamond width) is calculated using a random effects model.
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Table 3
Length of hospital stay and short-term post operative complications in conventional laparoscopic surgery and robotic-assisted laparoscopic surgery.
Study, Date, and Country ~ Sample Length of UTI (n, Thromboembolic Vaginal cuff Uterovaginal Hernia (n, Cellulitis (n,  Lymphocele Blood Re admission Reoperation
size Hospital stay %) event (n, %) dehiscence (n, fistula (n, %) %) %) (n, %) transfusion (n, (n, %) (n, %)
(n) (days) (mean, %) %)
CLS vs. SD)
RALS
Cardenas-Goicoechea 102 vs. 1.88 (1.67) vs. 2 (2.0 1 (1.0 %) vs. 0 (0.0 1 (1.0 %) vs. N/A 1(1.0%) 0 (0.0 %) vs. 1(1.0%)vs.3 3(29%)vs.3 5 (4.9 %) vs. 2 (2.0 %) vs. 2
et al., 2010, USA ( 173 2.31 (2.21) %) vs. 1 %) 0 (0.0 %) vs. 0 (0.0 2(1.2%) (1.7 %) (1.7 %) 3(1.7 %) (1.2 %)
Cardenas-Goicoechea (0.6 %) %)
et al., 2010)
Lim et al., 2010, USA ( 122 vs. 1.5(0.9)vs. 3.2 6(4.9 2 (1.6 %) vs. 0 (0.0 N/A 0 (0.0 %) vs. 1 0 (0.0 %) 0(0.0%)vs. N/A 0(0.0%)vs.3 10(8.2%)vs. N/A
Lim et al., 2011) 122 (2.3) %) vs. 1 %) (0.8 %) vs. 1 (0.8 1 (0.8 %) (2.5 %) 4(3.3%)
(0.8 %) %)
Jung et al,, 2010, Korea ( 28 vs. 25 Median: 7.92 N/A N/A N/A N/A 0 (0.0 %) N/A 0 (0.0 %) vs. 4 (14.3 %) vs. N/A N/A
Jung et al., 2010) vs. 7.67 vs. 0 (0.0 0 (0.0 %) 4 (16.0 %)
%)
Lim at al., 2010, USA ( 56vs.56 1.6 (0.7)vs. 2.6 4vs.1 2(3.6%)vs.1(1.8 N/A 0(0.0%) vs. 1 N/A 0(0.0%)vs. N/A N/A 6(10.7%)vs. N/A
Lim et al., 2010) (0.9) %) (1.8 %) 1(1.8%) 3 (5.4 %)
Cardenas-Goicoechea 187 vs. 1.96 (2.01) vs. 2(1.1 1 (0.5 %) vs. 0 (0.0 3(1.6 %) vs. 2 N/A 1 (0.5 %) 0(0.0%)vs. 1(0.5%)vs.4 5(27%)vs.5 7 (3.7 %) vs. 7 (3.7 %) vs. 5
et al., 2012, USA ( 245 2.45 (2.08) %) vs. 2 %) (0.8 %) vs. 2 (0.8 2 (0.8 %) (1.6 %) (2.0 %) 5 (2.0 %) (2.0 %)
Cardenas-Goicoechea (0.8 %) %)
et al., 2012)
Estape at al., 2012, USA ( 102 vs. 1.9(1.5) vs. 1.8 N/A N/A 1(1.0 %) vs. N/A N/A N/A N/A 6 (5.9 %) vs. 4 2 (2.0 %) vs. N/A
Estape et al., 2012) 104 1.1 0 (0.0 %) (3.8 %) 0 (0.0 %)
Chiou et al., 2014, 86 vs. 3.1(1.1)vs. 3.7 N/A N/A 1(1.2 %) vs. N/A N/A N/A N/A N/A N/A N/A
Taiwan (Chiou et al., 150 (2.2) 0 (0.0 %)
2015)
Cucinella et. al,. 2015, 18vs.26  2.3vs. 2.3 N/A N/A N/A N/A N/A N/A N/A 0 vs.0 0vs. 0 N/A
Italy (Romano et al.,
2016)
Alletti et al., 2015, Ttaly ( 15vs. 15 Median: N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Gueli Alletti et al., 2vs. 2
2016)
Mendivil et al., 2015, 13vs.16  Median: 2 vs. 2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
USA (Mendivil et al.,
2015)
Méenpéa et al., 2016, 50 vs. 49 Median: 1 vs. 2 lvs.1 N/A N/A N/A N/A 0 (0.0 %) vs. N/A 6 (12.0 %) vs. N/A 1 vs.0
Finland (Maenpaa 0 (0.0 %) 2 (4.1 %)
et al., 2016)
Aiko et al., 2020, Japan ( 121 vs. 8(3)vs.9(4) N/A 1 (0.8 %) vs. 0 (0.0 N/A 1 (0.8 %) vs. N/A N/A 1 (0.8 %) vs. 0vs.0 N/A N/A
Aiko et al., 2020) 102 %) 0 (0.0 %) 0 (0.0 %)
Johansson at al., 2020, 39 vs. 41 1.26 vs. 1.78 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Australia (Johansson
and Chan, 2020)
Sun et al., 2021, China ( 22vs. 18 Median: 2 vs. 3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Sun et al., 2021)
Hayashi et al., 2023, 99 vs. 77 N/A N/A 1 (1.1 %) vs. 0 (0.00 N/A N/A N/A N/A N/A N/A N/A N/A
Japan (Hayashi et al., %)
2024)

Abbreviations: N/A: not available, UTI: Urinary tract infections.
Numbers represent CLS vs. RALS groups, respectively.
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Cardenas-Goicoechea etal, 2013 187 196 20 245 245 21 E 02 [[04;-00] 151%
Chiou et al,, 2015 86 310 11 150 370 22 - -03 [06;-01 144%
Cardenas-Goicoechea etal, 2010 102 188 17 173 231 22 HilH -02 [05; 0.0] 146%
Limetal, 2011 122 150 09 122 320 23 - -10 [[1.2,-07] 144%
Aiko, et al., 2020 121 800 30 102 900 40 - 03 [06;-00] 144%
Estape et al., 2011 102 190 15 104 180 11 - 01 [[02; 03] 143%
Limetal, 2010 56 160 07 56 260 09 —M— | -12 [-16,-08] 128%
Random effects model 776 952 - -0.4 [-0.8; -0.1] 100.0%
Heterogeneity: 12 = 88%, 12 = 0.1797, p < 0.01 T T

15 1 05 0 05 1 15

Fig. 6. Forest plot of random effects standardized mean difference (SMD) between control and treatment means for length of hospital stay. The solid diamonds
represent individual studies and their weighting by the inverse of their respective variances. The horizontal lines represent the 95 % confidence interval for the study.
The open diamond represents the overall SMD and its width represents the associated 95 % confidence interval. The solid line is the line depicting no interven-

tion effect.

outcome across the included studies. The Egger’s test showed no sig-
nificant evidence of funnel plot asymmetry (p = 0.0914), with a bias
estimate of 0.7231 (SE = 0.3770), while moderate heterogeneity x? =
0.3222) indicates some variability between studies; however, one study
was excluded due to missing data, which may affect the analysis (Sup-
plementary Fig. 1f).

3.5. Risk of bias assessment

Among the 16 studies for which risk of bias was assessed, 12 studies
(70.6 %) were assessed as "poor’, indicating significant methodological
weaknesses. Three studies (17.6 %) were classified as *fair’, indicating
moderate quality and significant potential for bias, and only one study
(5.9 %) was classified as ’low risk of bias’, indicating high methodo-
logical rigor and rigor. These results indicate that the majority of studies
(over 70 %) have significant limitations and only a small proportion are
of better quality. The results of the risk of bias assessment of the studies
are presented in Table 1.

4. Discussion

This systematic review and meta-analysis was performed to compare
RALS and CLS in terms of surgical outcomes, intraoperative and short-
term postoperative complications. Our results showed that RALS was
linked to fewer intraoperative complications, lower conversion rates,
reduced blood loss, and a longer operating time. Nonetheless, it was
observed that the RALS group experienced a higher rate of postoperative
complications.

Since its introduction in 1992, the use of MIS for EC has grown in
popularity. Research has demonstrated that MIS procedures show fewer

postoperative complications and offer comparable oncological outcomes
to open surgery (Corrado et al., 2015; Boggess et al., 2008). With its
three-dimensional view, wristed instruments, and scaled movement
capabilities, RALS is responsible for more than half of MIS procedures
(Aiko et al., 2020). Robotic systems provide a stable platform that
eliminates the challenges of manually maintaining instrument and
camera positions, particularly in larger patients. Since receiving FDA
approval for gynecologic surgery in 2005, these advantages have
encouraged widespread adoption of robotic technology by gynecologic
oncologists (Bell et al., 2008). Therefore; there has been a significant
increase in the use of robotic technology, while CLS has seen a decline
(Seror et al., 2014).

Limited randomized controlled trials have been performed to
compare RALS with CLS for the treatment of EC. In a randomized
controlled trial conducted by Corrado et al. (Corrado et al., 2015) which
compared open surgery, laparoscopy, and robotic-assisted laparoscopy
for EC, it was found that MIS outperformed abdominal surgery in terms
of surgical outcomes. Within MIS, RALS demonstrated advantages over
CLS in terms of intra- and post-operative complications, conversion
rates, length of hospital stay, and re-interventions. However, RALS was
associated with longer operative times, which runs counter to the results
of Méenpaa et al.’s randomized controlled trial (Maenpaa et al., 2016).
In their study involving patients with EC, it was observed that RALS was
actually quicker to perform compared to CLS. Conversely, several
retrospective studies indicate that surgery typically takes longer in RALS
compared to CLS for EC (Boggess et al., 2008; Bell et al., 2008; Seror
et al., 2014).When directly comparing RALS and CLS, Ind et al. found
that the former had fewer conversions, shorter hospital stays, less blood
loss, and fewer overall surgical complications than the latter (Ind et al.,
2017). These results were consistent with a network meta-analysis and

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Cardenas-Goicoechea et al., 2013 27 187 27 245 - 14 [08; 24] 331%
Chiou et al,, 2015 1 86 0 150 — T 53 [02,1311] 1.0%
Cardenas-Goicoechea et al., 2010 16 102 14 173 —:I— 21 [1.0; 45] 185%
Limetal, 2011 18 122 11 122 T 17 [08; 39 17.0%
Aiko et al., 2020 3 121 0 102 —T+—+— 6.1 [0.3;1186] 1.2%
Cucinella et al., 2015 0 18 0 26 0.0%
Estape et al., 2011 9 102 4 104 - 24 [07, 81 74%
Jung et al,, 2010 4 28 4 25 09 [02;, 391 48%
Maenpaa et al., 2016 8 50 3 49 29 [07, 1171 56%
Limetal, 2010 12 56 7 56 19 [07;, 53] 104%
Hayashi et al., 2023 1 99 o 77 24 [0.1; 587] 1.0%
Random effects model 971 1129 * 1.8 [1.3; 2.5] 100.0%
Heterogeneity: I~ = 0%, © =0, p = 0.93 I I
001 01 1 10 100

Fig. 7. Forest plot of post-operative complication. The odds ratio and 95 % confidence interval are plotted for each study. The pooled odds ratio (diamond apex) and
95 % confidence interval (diamond width) is calculated using a random effects model.
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systematic review by Natarajaan et al., which included 99 studies
involving 181,716 women and assessed 14 outcomes (Natarajan et al.,
2024).

It is important to note that previous studies in the literature have
often pooled outcomes from heterogeneous surgical procedures; for
instance, combining hysterectomies performed with or without BSO,
and with or without lymphadenectomy. Each of these variations can
independently influence surgical outcomes, thereby introducing con-
founding factors (Barrie et al., 2016). To minimize such variability, our
systematic review and meta-analysis specifically included studies in
which patients underwent a uniform surgical approach consisting of
hysterectomy with BSO and PLND, with or without PaLND. This allowed
for a more precise assessment of the relative effects of RALS versus CLS
without the confounding influence of differing surgical scopes or pro-
cedures. The surgical methods reviewed in this analysis are consistent
with the previous accepted standard of care. It should be acknowledged
that current practice has shifted toward the use of sentinel lymph node
biopsy (SLNB) as the preferred staging method, as recommended by
recent ESGO and NCCN guidelines, due to its lower morbidity and
shorter operative time. However, the body of literature available for
inclusion in this analysis contained insufficient studies employing SLNB
to enable a meaningful comparison. Consequently, we focused on the
traditional comprehensive staging approach (hysterectomy + BSO +
PLND/PaLND) to ensure methodological consistency and comparability
across studies. As a result, our pooled estimates for operative time, blood
loss, and complications may be higher than what would be expected
with contemporary SLNB-based surgical protocols.

However, our study has several limitations. Firstly, the choice be-
tween CLS and RALS may have been influenced by patient characteris-
tics like advanced disease stage, surgeon skill, and institutional
resources, which could cause selection bias or affect case allocation.
These biases could affect the pooled data. For instance, despite fewer
intraoperative injuries and conversions, our study showed that the ro-
botic group demonstrated a higher pooled postoperative complication
rate. This finding may be partly attributable to the biases mentioned
above. Furthermore, the retrospective nature of most included studies
may have introduced recall bias in reporting self-limiting complications
and documentation bias in recording postoperative events, potentially
inflating the observed complication rate in the robotic cohort.

Temporal heterogeneity among studies [2010-2023) represents
another limitation. Earlier studies often used first-generation robotic
systems and pre-ERAS perioperative pathways, whereas later studies
reflect modern instrumentation and enhanced recovery protocols. These
differences likely influenced operative times and surgical outcomes.
Now a days, robotic-assisted procedures are increasingly performed on
an outpatient basis in some centers, the pooled mean length of stay of
approximately 2-3 days in our review likely reflects variability in
institutional discharge protocols, patient comorbidities, and the inclu-
sion of comprehensive staging procedures. In addition, many studies
were conducted before the widespread adoption of enhanced-recovery-
after-surgery (ERAS) pathways, which today permit earlier discharge for
suitable patients (Altman et al., 2019).

Significant heterogeneity in outcomes, such as operative time (I> =
96.8 %) and estimated blood loss (IZ = 93.9 %), as well as a high risk of
bias—more than 70 % of the included studies were rated as “poor” in
methodological quality—are among the study’s limitations. Given the
variability acrossstudies, the overall result should be interpreted with
caution, as different studies may yield different outcomes.

Because most available data are retrospective and based on earlier
robotic platforms, further high-quality prospective evidence is needed.
A large RCT directly comparing modern robotic and conventional
laparoscopic systems would provide the most definitive evidence, but
such a study may be challenging to implement given surgeon expertise,
equipment availability, and ethical considerations once proficiency is
established. Alternatively, prospective multicenter registries and prag-
matic comparative-effectiveness studies could yield timely, real-world
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insights into outcomes, costs, and patient-reported recovery. Further-
more, additional studies with more comprehensive patient-level data-
—including age, prior surgical history, and lymphadenectomy details
and surgeon experince—are warranted.

5. Conclusion

Because RALS provides improved visualization without sacrificing
oncological results, its use as an extension of MIS has been increasing in
the field of gynecological oncology. According to the results of our
study, RALS is linked to fewer intraoperative complications. Addition-
ally, our findings indicate that RALS procedures typically require more
time. To get a more complete picture of the real comparison between
RALS and CLS, future research should try to address potential con-
founding factors like the type of surgery.

6. Patient consent
N/A.
7. Provenance and peer review

Not commissioned, externally peer-reviewed.

Data availability statement

The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Ethics statement

N/A (This is a review article).

CRediT authorship contribution statement

Atieh Karimzadeh: Writing — original draft, Formal analysis, Data
curation, Conceptualization. Ali Kazemi Abadi: Writing — original draft,
Data curation. Hani Ghadri: Writing — original draft, Data curation.
Sevil Hakimi: Writing — original draft, Data curation, Conceptualiza-
tion. Leila Allahqoli: Writing — original draft, Software, Formal anal-
ysis, Data curation, Conceptualization. Veronika Giinther: Writing —
original draft, Formal analysis, Conceptualization. Afrooz Mazidimor-
adi: Writing - original draft, Formal analysis, Data curation. Hamid
Salehiniya: Writing — original draft, Formal analysis, Data curation.
Antonio Simone Lagana: Writing — original draft, Formal analysis,
Conceptualization. Ibrahim Alkatout: Writing — original draft, Super-
vision, Data curation, Conceptualization.

Funding

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.gore.2025.101980.

References

Eakin, C.M., Lai, T., Cohen, J.G., 2023. Alarming trends and disparities in high-risk
endometrial cancer. Current Opinion in Obstetrics and Gynecology. Lippincott
Williams and Wilkins 35, 15-20.

Mazidimoradi, A., Momenimovahed, Z., Khalajinia, Z., Allahqoli, L., Salehiniya, H.,
Alkatout, I., 2024. The global incidence, mortality, and burden of uterine cancer in
2019 and correlation with SDI, tobacco, dietary risks, and metabolic risk factors: an
ecological study. Health Sci Rep. 7 (1).


https://doi.org/10.1016/j.gore.2025.101980
https://doi.org/10.1016/j.gore.2025.101980
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0010
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0010
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0010
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0010

A. Karimzadeh et al.

Kivekas, E., Staff, S., Huhtala, H.S.A., Méenpaa, J.U., Nieminen, K., Tomas, E.L, et al.,
2024. Robotic-assisted versus conventional laparoscopic surgery for endometrial
cancer: long-term results of a randomized controlled trial. Am. J. Obstet. Gynecol.

Makker, V., MacKay, H., Ray-Coquard, I., Levine, D.A., Westin, S.N., Aoki, D., et al.,
2021. Endometrial cancer. Nat Rev Dis Primers [Internet]. 2021 Dec 1 [cited 2024
Dec 11];7(1). https://pubmed.ncbi.nlm.nih.gov/34887451/.

Wright, J.D., Medel, N.L.B., Sehouli, J., Fujiwara, K., Herzog, T.J., 2012. Contemporary
management of endometrial cancer. Lancet [Internet]. [cited 2024 Dec 9];379
(9823):1352-60. https://pubmed.ncbi.nlm.nih.gov/22444602/.

Abu-Rustum, N., Yashar, C., Arend, R., Barber, E., Bradley, K., Brooks, R., et al., 2023.
Uterine neoplasms, version 1.2023, NCCN Clinical practice guidelines in oncology.
J. Natl. Compr. Canc. Netw. 21 (2), 181-209.

Maenpad, M.M., Nieminen, K., Tomas, E.I, Laurila, M., Luukkaala, T.H., Maenpas, J.U.,
2016. Robotic-assisted vs traditional laparoscopic surgery for endometrial cancer: a
randomized controlled trial. Am. J. Obstet. Gynecol. 215 (5), 588.e1-588.€7.

Johansson, C.Y.M., Chan, F.K.H., 2020. Robotic-assisted versus conventional
laparoscopic hysterectomy for endometrial cancer. Eur. J. Obstet. Gynecol. Reprod.
Biol. X. 8, 100116.

Fu, H., Zhang, J., Zhao, S., He, N., 2023. Survival outcomes of robotic-assisted
laparoscopy versus conventional laparoscopy and laparotomy for endometrial
cancer: a systematic review and meta-analysis. Gynecol. Oncol. 174, 55-67.

Bergstrom, J., Aloisi, A., Armbruster, S., Yen, T.T., Casarin, J., Leitao, M.M., et al., 2018.
Minimally invasive hysterectomy surgery rates for endometrial cancer performed at
National Comprehensive Cancer Network (NCCN) Centers. Gynecol. Oncol. 148 (3),
480-484.

Casarin, J., Multinu, F., Ubl, D.S., Dowdy, S.C., Cliby, W.A., Glaser, G.E., et al., 2018.
Adoption of minimally invasive surgery and decrease in surgical morbidity for
endometrial cancer treatment in the United States. Obstet. Gynecol. 131 (2),
304-311.

Mourits, M.J., Bijen, C.B., Arts, H.J., ter Brugge, H.G., van der Sijde, R., Paulsen, L., et al.,
2010. Safety of laparoscopy versus laparotomy in early-stage endometrial cancer: a
randomised trial. Lancet Oncol. 11 (8), 763-771.

Xie, S., Wood, T.C., Dasgupta, P., Aydin, A., 2024 6. Robot assisted laparoscopic surgery
in gynaecology: an evolving assistive technology. Surg. Innov. 31 (3), 324-330.

Chandrakar, 1., Pajai, S., 2022. Toshniwal S. Robotic Surgery: The Future of
Gynaecology. Cureus.

Moss, M.C., Rezan, T., Karaman, U.R., Gomelsky, A., 2017. Treatment of concomitant
OAB and BPH. Curr. Urol. Rep. 18 (1), 1.

Lim, Y.H., Dagher, C., Abu-Rustum, N.R., Mueller, J.J., Sonoda, Y., Zivanovic, O., et al.,
2023. Oncologic outcomes of robot-assisted laparoscopy versus conventional
laparoscopy for the treatment of apparent early-stage endometrioid adenocarcinoma
of the uterus. Gynecol. Oncol. 179, 152-157.

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D.,
et al., 2021. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ 29, n71.

Shea, B.J., Reeves, B.C., Wells, G., Thuku, M., Hamel, C., Moran, J., et al., 2017. AMSTAR
2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. BMJ 21, j4008.

Sterne, J.A.C., Savovi¢, J., Page, M.J., Elbers, R.G., Blencowe, N.S., Boutron, L, et al.,
2019. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 28,
14898.

Stang, A., 2010. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur. J. Epidemiol. 25 (9),
603-605.

Cohen, J., 2013. Statistical Power Analysis for the Behavioral Sciences. Routledge.

Higgins, J.P.T., 2003. Measuring inconsistency in meta-analyses. BMJ 327 (7414),
557-560.

Egger, M., Smith, G.D., Schneider, M., Minder, C., 1997. Bias in meta-analysis detected
by a simple, graphical test. BMJ 315 (7109), 629-634.

Chiou, H.Y., Chiu, L.H., Chen, C.H., Yen, Y.K., Chang, C.W., Liu, W.M., 2015. Comparing
robotic surgery with laparoscopy and laparotomy for endometrial cancer
management: a cohort study. Int. J. Surg. 1 (13), 17-22.

Aiko, K., Kanno, K., Yanai, S., Masuda, S., Yasui, M., Ichikawa, F., et al., 2020. Short-term
outcomes of robot-assisted versus conventional laparoscopic surgery for early-stage
endometrial cancer: a retrospective, single-center study. J. Obstet. Gynaecol. Res. 46
(7), 1157-1164.

Romano, G., Di, B.G., Calagna, G., Riuniti, O., Sofia-Cervello, V., Sorce, V., 2016.
Endometrial cancer: robotic versus laparoscopic treatment. Prelim. Rep. [Internet].
https://www.researchgate.net/publication/301200758.

Hayashi, S., Yamanaka, Z., Kojima, J., Ono, M., Sasaki, T., Yamamoto, A, et al., 2024.
Retrospective comparative study of robot-assisted surgery, laparoscopic surgery, and

13

Gynecologic Oncology Reports 62 (2025) 101980

laparotomy for endometrial cancer in patients with a low risk of recurrence.
J. Obstet. Gynaecol. Res. 50 (1), 103-112.

Gueli Alletti, S., Rossitto, C., Cianci, S., Restaino, S., Costantini, B., Fanfani, F., et al.,
2016. Telelap ALF-X vs standard laparoscopy for the treatment of early-stage
endometrial cancer: a single-institution retrospective cohort study. J. Minim. Invas.
Gynecol. 23 (3), 378-383.

Johnson, L., Bunn, W.D., Nguyen, L., Rice, J., Raj, M., Cunningham, M.J., 2017. Clinical
comparison of robotic, laparoscopic, and open hysterectomy procedures for
endometrial cancer patients. J. Robot. Surg. 11 (3), 291-297.

Mendivil, A.A., Rettenmaier, M.A., Abaid, L.N., Brown, J.V., Micha, J.P., Lopez, K.L.,
et al., 2015. A comparison of open surgery, robotic-assisted surgery and
conventional laparoscopic surgery in the treatment of morbidly obese endometrial
cancer patients. Journal of the Society of Laparoendoscopic Surgeons. 19 (1).

Cardenas-Goicoechea, J., Soto, E., Chuang, L., Gretz, H., Randall, T.C., 2012. Integration
of robotics into two established programs of minimally invasive surgery for
endometrial cancer appears to decrease surgical complications. J. Gynecol. Oncol.
24 (1), 21-28.

Cardenas-Goicoechea, J., Adams, S., Bhat, S.B., Randall, T.C., 2010. Surgical outcomes of
robotic-assisted surgical staging for endometrial cancer are equivalent to traditional
laparoscopic staging at a minimally invasive surgical center. Gynecol. Oncol. 117
(2), 224-228.

Lim, P.C., Kang, E., Park, D.H., 2011. A comparative detail analysis of the learning curve
and surgical outcome for robotic hysterectomy with lymphadenectomy versus
laparoscopic hysterectomy with lymphadenectomy in treatment of endometrial
cancer: a case-matched controlled study of the first one hundred twenty two
patients. Gynecol. Oncol. 120 (3), 413-418.

Jung, Y.W., Lee, D.W., Kim, S.W., Nam, E.J., Kim, J.H., Kim, J.W,, et al., 2010. Robot-
assisted staging using three robotic arms for endometrial cancer: Comparison to
laparoscopy and laparotomy at a single institution. J. Surg. Oncol. 101 (2), 116-121.

Lim, P.C., Kang, E., Park, D.H., 2010. Learning curve and surgical outcome for robotic-
assisted hysterectomy with lymphadenectomy: Case-matched controlled comparison
with laparoscopy and laparotomy for treatment of endometrial cancer. J. Minim.
Invasive Gynecol. 17 (6), 739-748.

Sun, H., Gao, J., Jin, Z., Wu, Y., Zhou, Y., Liu, X., 2021. Robotic single-site surgery versus
laparoendoscopic single-site surgery in early-stage endometrial cancer: a case-
control study. Wideochirurgia I Inne Techniki Maloinwazyjne. 16 (3), 597-603.

Estape, R., Lambrou, N., Estape, E., Vega, O., Ojea, T., 2012. Robotic-assisted total
laparoscopic hysterectomy and staging for the treatment of endometrial cancer: a
comparison with conventional laparoscopy and abdominal approaches. J. Robot.
Surg. 6 (3), 199-205.

Corrado, G., Cutillo, G., Pomati, G., Mancini, E., Sperduti, I., Patrizi, L., et al., 2015.
Surgical and oncological outcome of robotic surgery compared to laparoscopic and
abdominal surgery in the management of endometrial cancer. Euro. J. Surg. Oncol.
(EJSO). 41 (8), 1074-1081.

Boggess, J.F., Gehrig, P.A., Cantrell, L., Shafer, A., Ridgway, M., Skinner, E.N., et al.,
2008. A comparative study of 3 surgical methods for hysterectomy with staging for
endometrial cancer: robotic assistance, laparoscopy, laparotomy. Am. J. Obstet.
Gynecol. 199 (4), 360.e1-360.€9.

Bell, M.C., Torgerson, J., Seshadri-Kreaden, U., Suttle, A.W., Hunt, S., 2008. Comparison
of outcomes and cost for endometrial cancer staging via traditional laparotomy,
standard laparoscopy and robotic techniques. Gynecol. Oncol. 111 (3), 407-411.

Seror, J., Bats, A.S., Huchon, C., Bensaid, C., Douay-Hauser, N., Lécuru, F., 2014.
Laparoscopy vs Robotics in surgical management of endometrial cancer: comparison
of intraoperative and postoperative complications. J. Minim. Invasive Gynecol. 21
(1), 120-125.

Ind, T., Laios, A., Hacking, M., Nobbenhuis, M., 2017. A comparison of operative
outcomes between standard and robotic laparoscopic surgery for endometrial
cancer: a systematic review and meta-analysis. Int. J. Med. Robot. Comput. Assist.
Surg. 13 (4).

Natarajan, P., Delanerolle, G., Dobson, L., Xu, C., Zeng, Y., Yu, X., et al., 2024. Surgical
treatment for endometrial cancer, hysterectomy performed via minimally invasive
routes compared with open surgery: a systematic review and network meta-analysis.
Cancers (Basel) 16 (10), 1860.

Barrie, A., Freeman, A.H., Lyon, L., Garcia, C., Conell, C., Abbott, L.H., et al., 2016.
Classification of Postoperative Complications in Robotic-assisted Compared with
Laparoscopic Hysterectomy for Endometrial Cancer. J. Minim. Invasive Gynecol. 23
(7), 1181-1188.

Altman, A.D., Helpman, L., McGee, J., Samouélian, V., Auclair, M.H., Brar, H., et al.,
2019. Enhanced recovery after surgery: implementing a new standard of surgical
care. Can. Med. Assoc. J. 191 (17), E469-E475.


http://refhub.elsevier.com/S2352-5789(25)00305-4/h0015
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0015
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0015
https://pubmed.ncbi.nlm.nih.gov/34887451/
https://pubmed.ncbi.nlm.nih.gov/22444602/
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0030
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0030
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0030
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0035
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0035
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0035
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0040
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0040
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0040
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0045
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0045
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0045
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0050
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0050
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0050
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0050
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0055
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0055
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0055
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0055
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0060
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0060
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0060
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0065
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0065
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0075
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0075
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0080
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0080
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0080
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0080
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0085
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0085
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0085
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0090
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0090
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0090
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0095
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0095
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0095
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0100
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0100
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0100
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0105
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0110
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0110
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0115
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0115
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0120
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0120
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0120
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0125
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0125
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0125
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0125
https://www.researchgate.net/publication/301200758
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0135
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0135
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0135
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0135
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0140
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0140
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0140
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0140
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0145
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0145
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0145
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0150
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0150
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0150
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0150
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0155
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0155
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0155
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0155
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0160
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0160
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0160
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0160
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0165
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0165
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0165
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0165
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0165
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0170
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0170
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0170
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0175
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0175
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0175
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0175
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0180
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0180
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0180
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0185
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0185
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0185
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0185
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0190
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0190
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0190
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0190
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0195
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0195
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0195
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0195
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0200
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0200
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0200
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0205
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0205
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0205
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0205
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0210
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0210
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0210
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0210
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0215
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0215
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0215
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0215
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0220
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0220
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0220
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0220
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0225
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0225
http://refhub.elsevier.com/S2352-5789(25)00305-4/h0225

	Comparative outcomes of laparoscopic versus robotic-assisted laparoscopic techniques in the surgical staging of endometrial ...
	1 Introduction
	2 Materials and methods
	2.1 Protocol and guideline
	2.2 Inclusion criteria
	2.3 Exclusion criteria
	2.4 Outcomes
	2.5 Search strategy
	2.6 Study selection
	2.7 Data synthesis and extraction
	2.8 Assessment of risk bias
	2.9 Statistical analysis

	3 Results
	3.1 Search results
	3.2 Synthesis of results
	3.3 Patients characteristics
	3.4 Comparison of intraoperative outcomes of RALS and conventional CLS
	3.4.1 Comparison of operative time of RALS and CLS
	3.4.2 Estimated blood loss of RALS and CLS
	3.4.3 Comparison of intraoperative complications and short term post-operative outcomes of RALS and CLS
	3.4.3.1 Intraoperative complications RALS and CLS
	3.4.3.1.1 Comparison of conversion to laparotomy of RALS and CLS
	3.4.3.1.2 Comparison of intraoperative injuries of RALS and CLS

	3.4.3.2 Comparison of short-term postoperative outcomes between RALS and CLS
	3.4.3.2.1 Comparison of length of hospital stay of RALS and CLS
	3.4.3.2.2 Post operative complications of RALS and CLS



	3.5 Risk of bias assessment

	4 Discussion
	5 Conclusion
	6 Patient consent
	7 Provenance and peer review
	Data availability statement
	Ethics statement
	CRediT authorship contribution statement
	Funding
	Appendix A Supplementary data
	References


