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Abstract

Background: Distal pancreatectomy is a potentially curative treatment for tumors of the pancreatic
body and tail. Minimally invasive approaches, notably laparoscopic and robotic techniques, have
gained increasing acceptance. This network meta-analysis aimed to compare perioperative outcomes
of open, laparoscopic, and robotic distal pancreatectomy. Methods: A systematic search of
MEDLINE, EMBASE, Web of Science, and Scopus identified studies comparing at least two
approaches. Both Bayesian and frequentist network meta-analyses were conducted. Results: Sixty-
seven studies including 18,113 patients met inclusion criteria. Surface under the cumulative ranking
(SUCRA) analysis showed robotic surgery ranked first in 84.6% of measured parameters,
accumulating 92.3% of total points. Laparoscopy showed intermediate results, while open surgery
ranked lowest. Robotic, but not laparoscopic, surgery significantly reduced 30-day mortality (Odds
Ratio [OR] = 0.37, 95% Confidence Interval [CI] 0.16-0.84) and lowered conversion rates compared
with laparoscopy (OR = 0.30, 95% Credible Interval [CrI] 0.22-0.40). Both robotic and laparoscopic
approaches, compared with open surgery, were associated with reduced blood loss (-304 mL and -
273 mL), fewer transfusions (OR 0.25 and 0.30), smaller transfused volumes (-1.98 and -1.86 units),
shorter ICU stays (-4.0 and -2.3 days), fewer reinterventions (OR 0.45 and 0.56), and shorter hospital
stays (-8.8 and -6.9 days). Conclusions: Robotic distal pancreatectomy appears safe and confers
significant advantages over open and laparoscopic surgery, including reduced 30-day mortality,
lower conversion rates, and improved perioperative outcomes, when performed in appropriately
equipped, high-volume settings.

Keywords: distal pancreatectomy; robotic surgery; laparoscopy; open approach; network
meta-analysis; meta-regression

Introduction

The incidence of pancreatic ductal adenocarcinoma (PDAC) has increased in recent decades,
making it the twelfth most common cancer and the sixth leading cause of cancer-related mortality
worldwide [1]. Tumors located in the body and tail of the pancreas account for approximately 20—
25% of all PDAC cases [2]. Additionally, the widespread use of advanced imaging modalities has led
to an increase in the incidental detection of asymptomatic pancreatic lesions, including pancreatic
neuroendocrine tumors (pNETs) and cystic neoplasms [3,4].

Distal pancreatectomy is the procedure of choice for resectable lesions of the pancreatic body
and tail. Since the introduction of laparoscopic distal pancreatectomy (LDP) in 1994 [5] and robotic
distal pancreatectomy (RDP) in 2003 [6], there has been increasing interest in minimally invasive
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distal pancreatectomy (MIDP). Randomized controlled trials [7,8] and large series from high-volume
centers [9-11] have demonstrated that MIDP offers several advantages over open distal
pancreatectomy (ODP), including reduced intraoperative blood loss, shorter hospital stays, faster
recovery, and comparable oncologic outcomes [12].

Both the Miami [13] and Brescia [14] guidelines now support the use of MIDP as a standard
alternative to ODP for benign, low-grade malignant, and selected malignant lesions, provided that
the procedure is performed by experienced surgeons in high-volume centers. Despite the technical
advantages offered by the robotic platform, such as high-resolution three-dimensional visualization,
tremor filtration, motion scaling, and improved ergonomics, laparoscopy remains the most widely
used minimally invasive approach to distal pancreatectomy [15].

With the growing number of heterogeneous studies comparing distal pancreatectomy surgical
techniques, a network meta-analysis to further explore open, laparoscopic, and robotic distal
pancreatectomy is needed. This method integrates both direct and indirect evidence, allowing for a
more comprehensive evaluation of each technique.

Therefore, this study aimed to conduct a network meta-analysis comparing the perioperative
outcomes of open, laparoscopic, and robotic distal pancreatectomy.

Methods

Network meta-analysis (NMA) provides a comprehensive overview of treatment options by
facilitating indirect comparisons between various surgical approaches.

We conducted an indirect comparison of different surgical techniques concerning the primary
and secondary outcomes. Our investigation focused on identifying the “relatively most” minimally
invasive surgical approach, robotic, laparoscopic, or open, for left pancreatectomies.

Protocol and Registration

This study followed the PRISMA-NMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses incorporating Network Meta-analyses) guidelines [16]. The study protocol was
registered on the Open Science Framework (OSF—osf.io/ghtaz).

Eligibility Criteria

We included randomized controlled trials (RCTs), prospective non-randomized comparative
studies, and retrospective cohort studies that compared any two or more of the following surgical
techniques for distal pancreatectomy: open (OG), laparoscopic (LG), and robotic (RG) surgery.
Studies were eligible if they reported at least one of the following perioperative outcomes: patient
age, sex, ASA status, history of cardiovascular comorbidities, intraoperative blood loss, quantity of
transfused blood, conversion to open surgery, ICU stay, operative time, reintervention, readmission,
in-hospital or 30-day mortality, 90-day major complications, and postoperative hospital stay length.
The exclusion criteria were as follows: (1) non-comparative studies; (2) case reports or case series with
fewer than 10 patients; (3) studies on central or total pancreatectomy; (4) animal studies; and (5)
abstracts without full-text availability.

Information Sources and Search Strategy

A systematic search was conducted in MEDLINE (via PubMed), EMBASE, Web of Science,
and Scopus from inception to December 2024. The search included MeSH terms and keywords such

as “distal pancreatectomy”, “left pancreatectomy”, “robotic”, “laparoscopic”, “minimally invasive”.
Manual searches of the references of relevant studies and systematic reviews were also performed.

Study Selection

All search results were imported into Paperpile and screened. Duplicates were removed, and
title and abstract screening was performed. The full texts of potentially eligible studies were assessed
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independently, with disagreements resolved through discussion or consultation with a third
reviewer.

Data Collection Process and Data Items

The data were extracted using a standardized collection form. The extracted information
included the first author, year of publication, country, study design, number of patients in each arm,
surgical approach (open, laparoscopic, robotic), patient demographics (age, sex), ASA status,
comorbidities, and all predefined perioperative outcomes. When available, we recorded means with
standard deviations, medians with interquartile ranges, and event counts with sample sizes.

Risk of Bias Assessment

For non-randomized studies, the Newcastle-Ottawa Scale (NOS) was applied, and papers with
a score of 6 and above were selected. For prospective randomized controlled trial (RCT), the
Cochrane Risk of Bias 2.0 tool was applied. Discrepancies were resolved through consensus (Table
1).

Table 1. Showing the risk of bias assessment by applying the Newcastle-Ottawa Scale and the Cochrane Risk of
Bias 2.0 tool.

Study (year) Total NOS (0-9)
Rodriguez (2018)
Abu Hilal (2012)

Alfieri (2019)

Aly (2010)
Beker (2009)
Benizri (2014)
van Bodegraven (2024)
Butturini (2011)
Butturini (2015)
Casadei (2010)

Chang (2024)

Chen (2022)

Chen (2023)

Daouadi (2013)
De Pastena (2021)
De Pastena (2024)

Ding (2023)
DiNorcia (2010)

Duran (2014)

Eom (2008)

Finan (2009)

Fox (2012)
Goh (2016)
Guerrero-Ortiz (2024)

Hong (2020)

Jarufe (2018)

Jiang (2020)

O O 0O NN N O NN NN OV oo oo O WO O O oo oo O 0 VOoO Nl Vv Voo
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Kamarajah (2022)
Kang (2010)
Khaled (2015)
Kim(2008)
Kooby (2008)
Lai (2015)

Lai (2022)
Lee (2015)
Lee (2020)
Lelpo (2017)
Limongelli (2012)
Liu (2017)
Lof (2021)
Lyman (2019)
Magge (2018)
Marino (2019)
Mehta (2012)
Morelli (2016)
Najafi (2020)
Nakamura (2009)
Nakamura (2015)
Nickel (2023)
Qu (2018)
Raoof (2018)
Shin (2023)
Souche (2018)
Stauffer (2013)
Velanovich (2006)
Vicente (2019)
Vijan (2010)
Waters (2010)
Wellner (2017)
Weng (2021)
Xourafas (2017)
Yan (2015)
Zhang (2017)
Zhang (2022)
Cho (2011)
Chopra (2021)

Study (year) Cochrane Risk of Bias 2.0 tool
Bjornsson (2020) 4/5

O O O NI 3 V0O O O N VO N0 W N VWV WO VO VOO N V0 VO oo VO VO 0O V0O 000NNl VO oo o oo 0
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Outcome Measures

Seventeen predefined perioperative outcomes were analyzed in this study. Continuous
outcomes (e.g., operative time, blood loss, and hospital stay) were expressed as mean differences
(MD), whereas dichotomous outcomes (e.g., mortality and reintervention) were reported using odds
ratios (OR). Each outcome was pooled using both frequentist and Bayesian network meta-analyses.

Geometry of the Network

Network plots were constructed for each outcome to assess the structure of the available
comparisons across the interventions. The number of direct and indirect comparisons per network
was recorded.

Summary Measures and Statistical Analysis

Frequentist NMA was performed using the netmeta package in R (version 4.3.0), applying a
random-effects model based on the DerSimonian-Laird method for variance estimation. For Bayesian
NMA, we used the gemtc, BUGSnet, and bnma packages with Markov Chain Monte Carlo
(MCMC) simulations implemented in JAGS. Three chains were run for 10,000 iterations after a burn-
in of 5,000 iterations, with convergence evaluated using the Gelman-Rubin diagnostic.

Treatment rankings were evaluated using the Surface Under the Cumulative Ranking curve
(SUCRA). To better visualize the results, we used Litmus Rank-O-Gram and Radial SUCRA plots
[17].

Network inconsistency was assessed using global (design-by-treatment interaction) and local
(node-splitting) approaches. The consistency between direct and indirect evidence was evaluated,
being declared when P < 0.05 [18].

Model fit was evaluated by comparing the deviance information criterion (DIC), residual
deviance, and leverage plots. We investigated the deviance of the model using the residual deviance
from the NMA model, unrelated mean effect (UME) inconsistency model, per-arm residual deviance,
and leverage plot for all studies [19].

Meta-regression was conducted using publication year and sample size as covariates to explore
sources of heterogeneity [20].

Assessment of Inconsistency and Small-Study Effects

Inconsistency between direct and indirect comparisons was explored using global tests and
node-splitting models. Funnel and comparison-adjusted funnel plots were generated to assess
potential publication bias and small-study effects.

Additional Analyses

Prespecified sensitivity analyses included (1) restricting studies with a low risk of bias and (2)
excluding outliers. Subgroup analyses were conducted based on the publication year and surgical
volume.

Software

All statistical analyses were performed using R (version 4.3.0). For frequentist NMA, we used
the R package netmeta [21], while for Bayesian NMA, we used the R packages gemtc [22], BUGSNET,
and bnma [23-26]. For graphical representation Python 3.13 was also used.
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Results

Search Results

A total of 937 studies were identified, with 67 meeting the inclusion criteria (Figure 1)[16].

Records identified from:
Pubmed (n=937)
g EMABSE ( n=427) _
é Web of Sience (n=158) Records rfemoved before screening:
= Scopus (n=240) Duplicate records (n=374)
§
Records Screened Records excluded
(n=1229) g (n=1046)
o Records sought for retrieval Reports not retreived
g (n=183) i (n=106)
5
96}
Reports assessed for eligibility R Reports excluded
n=77) g Wrong outcome (n=5)
Wrong Intervention Arm (n=5)
\ 4
= .
9 Records sought for retrieval
Tz (n=67)
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Characteristics of the Included Studies

We included 67 studies in the network meta-analysis (NMA). The baseline characteristics are
presented in Table 2.

Table 2. Baseline characteristics of the included studies.

No.
Inclu Comparaison
ded (RDP VS LDP

Study type (RCT/ Retrospective/
Retrospective + prospectively held data
base/ Prospective observational/ Prospective

Study
Study Country perio

ie VS ODP
d observational cu propensity match) pl:tt;e § ODF)
Rodriguez_2018] France 2012- Retrospective with prospectively maintained 89 RDP VS LDP
27] 2015 database VS ODP
Abu 2005-  Retrospective from a prospectively held
K 1 LDP DP
Hilal 2012[28] "X 2011 database > vsO
Alfieri_2019[29] Italy 22%252_ Retrospective 181 LDP vs RDP
1998- .
Aly_2010[30] Japan 2009 Retrospective 75 LDP vs ODP
2003- . .
Beker_2009[31] USA 2008 Prospective Non-randomized 112 LDP vs ODP
Benizri_2014[32] France 2004- Retrospective with prospectively maintained 34 LDP vs RDP
2011 database
Bjornsson_2020[ 2015-
- RCT LDP DP
3] Sweden 2019 C 58 vs O

van Pan-
019- Retrospective with prospectively maintained

Bodegraven_202 Europea 1672 RDP vs LDP

2021
A[33] N 0 database
B ini_2011 1999-
utturlr;_ O3 Italy 2909096 Retrospective non-randomized study 116 LDP vs ODP
Buttur1r51;_2015[3 Italy 22%111_ Prospective Non-randomized 43 LDP vs RDP
i_201 2000-
Casadell_ 010136 Italy 2%(1% Retrospective case-control study 44 LDP vs ODP
2010- . . .
Chang_2024[37] USA 2020 Retrospective propensity score matching 1537 LDP vs RDP
. 2013- :
Chen_2022[38] China 2019 Retrospective case study 149 LDP vs RDP
Chen_2023[39] |nternati 2010- Retrospective 542 LDP vs RDP
on 2019
Dacuadi_ 20134 g,  2004- Retrospective 124 LDP vs RDP
0] 2011
De Ital 2011- Retrospective propensity score matchin 103 LDP vs RDP
Pastena 2021[41] " Y 2017 pective propensity & M
De 2010-
Ital Ret ti 564 LDP vs RDP
Pastena_2024[42] 2 2020 ctrospective Ve
Ding 2024 1w 2008- Retrospective with prospectively maintained . . ..~ RDP
. . Fig. 1. PRISMA flow diagram for the systemic review and meta-analysis.
DiNorcia
JODP
4] 200y database
. 2008- . LDP vs ODP
Duran_2014[45] Spain 2013 Retrospective 47 vs RDP
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1995- .
Eom_2008[46] Korea 2006 Retrospective case-control study 93 LDP vs ODP
. 2002- .
Finan_2009[47] USA 2007 Retrospective 148 LDP vs ODP
2004- .
Fox_2012[48] Canada 2010 Retrospective 118 LDP vs ODP
. 2006- R . th el L
Goh_2016[49] Singapor 2006- Retrospective with prospectively maintained 39 LDP vs RDP
2015 database
Guerrero- Prospective , multicentral national
Spai 2022 80 LDP vs RDP
Ortiz_2024[50] pait observational study ve
South 2015- .
Hong_2020[51] Korea 2017 Retrospective 228 LDP vs RDP
. 2001- .
Jarufe_2018[52] Chile 2015 Retrospective 93 LDP vs ODP
. . 2011- .
Jiang_2020[53] China 2018 Retrospective 166 LDP vs RDP
Kamarajah_2022 2007- . LDP vs RDP
- UK Ret t 125
[54] 2018 crospective vs ODP
1999- .
Kang_2010[55] Korea 2008 Retrospective 32 LDP vs ODP
2002- .
Khaled_2015[56] UK 2011 Retrospective case matched 44 LDP vs ODP
. South .
Kim_2008[57] - Retrospective 128 LDP vs ODP
Korea

2002-  Retrospective multicentral cohort from a

Kooby_2008[58] USA 667 LDP vs ODP

2006 prospectively held database
Lai 2015(59]  China 1999-  Retrospective from a prospectively held 35  LDPvs RDP
2015 database
Lai_2022[60] Taiwan 2011- Retrospect.lve 1'151ng a prospectively 177 LDP vs RDP
2020 maintained database
200- . LDP vs RDP
Lee_2015[61] USA 2013 Retrospective 805 vs ODP
Lee_2020[62] Singapor 2006-  Retrospective from a prospectively held 102 LDP vs RDP
e 2019 database
. 2011- .
Lelpo_2017[63] Spain 2017 Retrospective 54 LDP vs RDP
Limongelli_2012 2000-  Retrospective from a prospectively held
Ital 45 LDP vs ODP
[64] A 2010 database Ve
Liu_2017[65]  China 2011-  Retrospective propensity score matched 355 LDP vs RDP
2015 study
2011- . . . .
Lof_2021[66] Europe 2019 Retrospective, Propensity scire matching 1551 LDP vs RDP
2008- R ive f ively hel
Lyman_2019[67] USA 008 etrospective from a prospectively held 249 LDP vs RDP
2017 database
2010-  Retrospective from a prospectively held LDP vs ODP
Magge 2018[68] - USA ¢ database 374 sRDP
. 2014- .
Marino_2019[69] Italy 2017 Retrospective case matched 70 LDP vs RDP
1998- .
Mehta_2012[70] France 2009 Retrospective case-control study 60 LDP vs ODP
. 2010- .
Morelli_2016[71] Italy 2014 Retrospective case matched 30 LDP vs RDP
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s 2008- .
Najafi_2020[72] Germany 2018 Retrospective 56 LDP vs RDP
Nakamura_2009 2000- .
73] Japan 2007 Retrospective 36 LDP vs ODP
k 201 2006-
Na an[1;13r]a_ 015 Japan 2%(;6; Retrospective Propensity score matching 2010 LDP vs ODP
. 2007- ) LDP vs RDP
Nickel_2023[74] Germany 2020 Retrospective case matched 512 vs ODP
) 2011- . . :
Qu_2018[75]  China 2015 Retrospective propensity score matching 70 LDP vs RDP
2010- .
Raoof_2018[76] USA 2013 Retrospective 704 LDP vs RDP
Shin_2023[77]  Korea 2015-  Retrospective propensity score matched 42 LDP vs RDP
2020 study
2011- . .
Souche_2018[78] France 2016 Prospective Non-randomized 38 LDP vs RDP
Stanfer]—2013[79 USA 22%251' Retrospective 172 LDP vs ODP
Velanovich_2006 1996-
- A R i h LDP DP
[80] us 2005 etrospective case matched 30 vs O
. . 2014- . .
Vicente_2019[81] Spain 2018 Prospective Non-randomized 59 LDP vs RDP
.. 2004- .
Vijan_2010[82] USA 2009 Retrospective case matched 200 LDP vs ODP
2008-  Retrospective from a prospectively held LDP vs ODP
4 201 A 7
aters 20100831 USA 1009 database 7 usrDP
Wellner_2017[84 Germany 2013-  Retrospective propensity score matched 198 LDP vs ODP
] 2016 study
. 2012- .
Weng_2021[85] China 2019 Retrospective case-control study 679 RDP vs ODP
Xourafas_2017[8 . RDP VS LDP
6] USA 2014 Retrospective 1815 VS ODP
. 2010- .
Yan_2015[87]  China 2012 Retrospective 91 LDP vs ODP
) 2010- .
Zhang_2017[88] China 2017 Retrospective 74 LDP vs RDP
. 2020- .
Zhang_2022[89] China 2021 Retrospective 201 LDP vs RDP
Cho_2011[90]  USA 1999- Retrospect.lve 1'151ng a prospectively 693 LDP vs ODP
2008 maintained database
2008- Retrospective with prospectively maintained LDP vs ODP
Chopra_2021[91] USA 2019 database 146 vs RDP

Outcomes NMA:

We examined 17 parameters that comprise preoperative, intraoperative and short term
postoperative results. The outcomes are summarized in Table 3.
Age of Patients

For the age of the patients (mean 59.5 years), there were 59 studies including 17,542 patients in
the network (Supplementary Table 1, Supplementary Figure 1). There were 52 two-arm and 7 multi-
arm studies. A total of 73 pairwise comparisons were available. Specifically, eight trials compared

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.0306.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 September 2025 d0i:10.20944/preprints202509.0306.v1

10 of 31

open vs. robotic, 29 trials open vs. laparoscopic, and 36 trials laparoscopic vs. robotic (Supplementary
Figure 2).

In the frequentist NMA, the robotic group (RG) had a statistically significantly lower mean age
than the open group (OG), with a mean difference (MD) of —1.65 years (95% confidence interval [CI],
-3.00 to -0.30). There was no significant difference in age between the laparoscopic group (LG) and
OG (MD = -0.72, 95% CI -1.86 to 0.41) or between RG and LG (MD = -0.93, 95% CI -1.93 to 0.07)
(Supplementary Figure 3, Supplementary Figure 4, Supplementary Table 1). There was no significant
inconsistency between the direct and indirect comparisons for age (Supplementary Table 2). In the
Bayesian NMA, patients in the RG were also significantly younger than those in the OG (MD, -1.67
years; 95% -3.11 to —0.26) (Supplementary Figure 5 and Supplementary Table 3). No significant
differences in age were found between the RG and LG (MD =-0.93, 95% CrI -1.97 to 0.11) or the LG
and OG (MD =-0.74, 95% Crl -1.95 to 0.43) (Supplementary Figure 6, Supplementary Figure 7).

The model showed no evidence of lack of fit (no significant residual deviance) (Supplementary
Figure 8, Supplementary Figure 9, Supplementary Figure 10).

Meta-regression indicated that patients in the OG were older in earlier studies (Supplementary
Figure 11), with the age difference between groups diminishing in more recent years (i.e. no age
selection difference in the most recent studies) (Supplementary Figure 12)

Table 3. Summary of Findings.

Robotic versus  Laparoscopic = Robotic versus Ranks
Numb
Numb

¢ of Open versus Open laparoscopic  based on

Outcome er of € ] . . . . . . SUCRA
dies patient Frequenti Bayesia Frequenti Bayesia Frequenti Bayesia

t lues: I, 1I,
e st NMA n NMA st NMA n NMA st NMA n NMA ' © u‘;ISI
Age of
p(at::;‘st)s 1.65[- -1.67( -0.72[- -0.74(- Robotic
(Fre?;uentist ) 3.00;- 3.11,- 1.86; 0.41 1.95, -093[- -0.93 (- Laparoscop
17,542 . 27 43) 1.93; 0.07 1.97, .

MD, 95%CT: 59 5 0.30] 0.27) ] 0.43) 1.9 | 0.0 byt e
Bayesian - ' Open
MD, 95%

Crl)
Sex of

ks Par::; t)s( Robotic
.% (Frequentist - 63 18,030 0.7(:)% 8[(;.]64; } 0.73 ;2.]69; ) 0.915 ([)(;.]87; ) Lapa:scop
S OR, 95%CI; ) : ' Oven
E Bayesian - P
= OR, 95% Crl)
'_,% ASA status
A 1.24 1.29 096 PP
~ 4 10,31 - .87 - 94 - 74

OR, 95%CI; 0 0,318 (0.87, (0.94, (0.74, Robotic

. 1.8) 1.78) 1.27)

Bayesian - Open

OR, 95% CrI)

Previous

cardiovascul Laparoscop
ar diseases 0991062 8 0oaj069; %%* 119072, O ic

(Frequentist - 12 3,307 1.61] (0.41, 1.29] (0.62, 1.96] (0.46, Robotic

OR, 95%ClI; ‘ 1.45) ' 1.37) ' 1.49)

. Open
Bayesian -

OR, 95% Crl)
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Operative
time
(;:2;2522 ] 2593 2717 7.63[- 7.84(- 1830  19.32 Lapoalr)(:lcop
MD. 95%CT- 61 16,230 [7.68; 4.27, 7.59; 11.24, [5.12 (2.74, i
o 44.18] 50.33) 22.85] 26.94) 31.49] 36.27) .
Bayesian - Robotic
MD, 95%
Crl)
Conversion
to open .
(Frequentisi = 3¢ Jo586 - - - 0.4110:34; [?)32,(2)- LaI;Z:;Zp
OR, 95%CI; ’ 0.49] o .
. 0.40] ic
Bayesian -
OR, 95% CrI)
Intraoperativ
e blood loss
(Fre;::;gtist_ -279.45 [- -303.98 -248.99 [- '27(2_'89 -30.45 [ - -31.17 (-L:;‘:;g:zip
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Sex of Patients

Regarding the sex distribution of patients, there were 63 studies with a total of 18,030 patients
in the network (Supplementary Figure 14). Of these, 55 were two-arm studies and eight were multi-
arm studies. The network included 79 pairwise comparisons. The number of trials comparing OG vs
RG, OG vs LG, and LG vs RG were 9, 30, and 36, respectively (Supplementary Figure 15).

In the frequentist NMA, both the RG (pooled Odds Ratio, OR [OR] = 0.73, 95% CI 0.64-0.82) and
LG (OR = 0.76, 95% CI 0.69-0.84) had a significantly lower proportion of male patients than the OG
(Supplementary Figure 16). There was no significant difference in sex distribution between the RG
and LG (OR = 0.93; 95% CI: 0.85-1.03) (Supplementary Figure 17 and Supplementary Table 4). There
was no evidence of inconsistency between the direct and indirect estimates for sex (Supplementary

Table 5).
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ASA Status

Forty studies (54 pairwise comparisons; 10,318 patients) reported the proportion of patients with
ASA class I-1I (Supplementary Figure 18, Supplementary Figure 19). There were no statistically
significant differences between the RG, LG, and OG in the proportion of patients classified as ASA I-
II (i.e., no approach had significantly healthier or sicker patients by ASA status) (Supplementary
Figure 20, Supplementary Table 6). The SUCRA rankings for ASA I-Il rates were very similar among
the three groups, with no significant separation (indicating that no approach consistently ranked
healthier or worse in terms of ASA status) (Supplementary Figure 21 Supplementary Figure 22). No
inconsistencies were observed between the direct and indirect comparisons (Supplementary Figure
23).

Meta-regression with the year of study as a covariate showed no significant change in the
relative ASA status over time (Supplementary Figure 24).

Previous Cardiovascular Diseases

Pre-existing cardiovascular comorbidity was reported in 12 studies (18 pairwise comparisons),
totaling 3,307 patients (Supplementary Figure 25, Supplementary Figure 26). There were no
significant differences between the surgical approaches in terms of the proportion of patients with a
history of cardiovascular disease (Supplementary Figure 27, Supplementary Table 7). In other words,
the baseline rates of cardiovascular comorbidities were comparable among the OG, LG, and RG
populations (Supplementary Figure 28). This suggests that patient selection in terms of
cardiovascular health was similar across the groups. No inconsistency was observed among the
comparisons (Supplementary Table 8).

In the Bayesian NMA, the results were similar to those of the frequentist NMA (Supplementary
Figure 29, Supplementary Table 9, Supplementary Figure 30 Supplementary Figure 31,
Supplementary Figure 32). We observed no deviance between the studies (Supplementary Figure 33,
Supplementary Figure 34, Supplementary Figure 35).

The meta-regression analysis revealed that the effect differences decreased over time
(Supplementary Figure 36).

Operative Time

Operative time was reported in 61 studies (79 pairwise comparisons), including 16,230 patients
(Supplementary Figure 37, Supplementary Figure 38). In the frequentist NMA, the robotic approach
was associated with a significantly longer operation duration than open surgery (MD = +25.93 min,
95% C17.68-44.18) (Supplementary Figure 39, Supplementary Table 10). The laparoscopic approach
had a slight mean increase in operative time compared to the open approach, but this was not
statistically significant (MD = +7.63 min, 95% CI -7.59 to +22.85). There was no evidence of
inconsistency among the studies (Supplementary Table 11). Based on the SUCRA rankings for the
shortest operative time, open surgery was the best (rank 1), followed by laparoscopic (rank 2) and
robotic (rank 3) surgeries (Supplementary Figure 40). In the Bayesian NMA, the results were similar:
robotic distal pancreatectomy had an average of approximately 27.2 min longer operative time than
open (95% CrI 4.3 to 50.3 min) (Supplementary Figure 41, Supplementary Table 12). Laparoscopic vs
open surgery remained a small, non-significant difference in the Bayesian analysis. The approach
rankings by operative time in the Bayesian framework matched the frequentist results (OG fastest,
followed by LG and RG) (Supplementary Figure 42, Supplementary Figure 43). There was no
inconsistency between the studies (Supplementary Figure 44 Supplementary Figure 45,
Supplementary Figure 46, Supplementary Figure 47).

Meta-regression analysis revealed no significant change in relative operative times over the
years of publication, nor any influence of the study sample size on operative time differences
(Supplementary Figure 48 and 49). In summary, robotic distal pancreatectomy tends to have a longer
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operating time than open or laparoscopic surgery, while laparoscopic surgery is roughly similar to
open surgery in duration.

Conversion to Open

Thirty-eight studies (10,586 patients) reported conversion to open surgery (conversion events
occurred in the laparoscopic or robotic arms) (Supplementary Figure 50 Supplementary Figure 51).
In the network analysis (comparing only RG vs. LG, since OG by definition has no conversion), the
robotic approach had a significantly lower conversion-to-open rate than the laparoscopic approach.

The odds of conversion were 65.3% lower with robotic surgery compared with laparoscopy (OR
= 0.347, 95% CI 0.248-0.441 for RG vs. LG) (Figure 2). Accordingly, the laparoscopic approach had
approximately 2.8 times higher odds of conversion than the robotic approach (OR = 2.88 for LG vs.
RG, 95%CI 2.27-4.03) (Supplementary Table 14). Based on SUCRA, the robotic approach ranked as
the best (lowest conversion rate) and laparoscopic as the worst for this outcome (Figure 3).

Figure 2. Bayesian random effect consistency model forest plot for outcome conversion rate.

SUCRA (%)

yaroscopic Robotic

Figure 3. Radial SUCRA plot: Outcomes conversions. Higher SUCRA values indicate better treatments; size of

nodes represent number of participants and thickness of lines indicate number of trials conducted.
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There was no evidence of inconsistency in this two-treatment network (Figure 4, Figure 5, Figure

6).
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Figure 4. Residual deviance from NMA model and UME inconsistency model for all studies.
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Figure 5. Per-arm residual deviance for all studies. This stem plot represents the posterior residual deviance

per study arm.
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Figure 6. Leverage plot for all studies.
Frequentist and Bayesian analyses confirmed a significantly lower conversion risk for RG versus
LG (Supplementary Figure 52). Meta-regression did not show any significant effect of publication

year or study size on conversion rates (i.e. the conversion advantage of robotic remained fairly
consistent across study timelines and sizes) (Figure 7, Figure 8).

Figure 7. Regression plot for the outcome conversions having as covariate the year of study publication.
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Figure 8. Regression plot for the outcome conversions having as covariate the number of patients in the included

studies.

Intraoperative Blood Loss

A total of 51 studies (46 two-arm and five multi-arm) reported intraoperative blood loss,
encompassing 12,257 patients in the network (Supplementary Figure 60). There were 61 pairwise
comparisons evaluating blood loss among the three approaches (Supplementary Figure 61).

In the frequentist NMA, both RG and LG were associated with significantly lower blood loss
than OG. The mean difference in blood loss was —279.45 mL (95% CI -318.23 to —240.61) for RG vs
OG, and —248.99 mL (95% CI —283.41 to —214.57) for LG vs OG. There was no significant difference in
blood loss between the RG and LG groups in the frequentist analysis (Supplementary Figure 62,
Supplementary Table 15). No inconsistencies were detected in the network (Supplementary Table
16). According to the SUCRA rankings, the interventions were ordered from least to most blood loss
as follows: RG (best), LG, and OG (worst) (Supplementary Figure 63). In the Bayesian NMA, both RG
and LG showed significantly lower blood loss than OG, with MD of -303.98 mL (95% Crl -382.8 to —
229.26) for RG and -272.89 mL (95% Crl -340.15 to —209.01) for LG versus open (Supplementary
Figure 64, Supplementary Table 17). The ranking of approaches from best to worst by Bayesian
analysis remained RG, then LG, then OG (Supplementary Figure 65, Supplementary Figure 66). There
was no notable model deviance or lack of convergence in the Bayesian analysis (Supplementary
Figure 68, Supplementary Figure 69, Supplementary Figure 70). Meta-regression (Supplementary
Figure 71) suggested that the differences in blood loss between open and minimally invasive
approaches have become smaller in more recent studies compared to older (>10 years) studies
(Supplementary Figure 72, Supplementary Figure 73). Conversely, a meta-regression using the
number of included patients as a covariate showed that studies with larger sample sizes tended to
report an even greater mean blood loss reduction in RG and LG versus OG (Supplementary Figure
74), although this trend was not statistically significant.

Intraoperative Bleeding More than 500 ml

Three studies (1,427 patients) reported the number of patients experiencing intraoperative blood
loss greater than 500 mL (Supplementary Figure 76). The laparoscopic group showed a significantly
lower incidence of 2500 mL of blood loss than the open surgery group (OR 0.32, 95% CI 0.23-0.46)
(Supplementary Figure 77, Supplementary Table 18). For the robotic group, the rate of high-volume
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bleeding was also lower than open, with an OR of 0.11 (95% CI 0.01-1.07), although this did not reach
statistical significance due to wide confidence intervals (likely reflecting fewer events in the robotic
arms). There were no direct comparisons between RG and LG for this outcome in the available
studies, but the point estimates suggested that both modalities reduced the risk of major bleeding
relative to open surgery. No inconsistencies were detected in the analysis (Supplementary Table 19).
These findings indicate that minimally invasive approaches tend to have a lower risk of excessive
intraoperative bleeding, with laparoscopy showing a significant reduction and robotics showing a
similar trend.

Number of Patients Receiving Transfusions

Thirty studies (38 pairwise comparisons) with 9,248 patients reported the number of patients
who received blood transfusions intraoperatively or postoperatively (any transfusion event)
(Supplementary Figure 78 and 79). Both minimally invasive approaches were associated with
significantly lower transfusion rates than open surgery. The odds of requiring a blood transfusion
were OR = 0.25 (95% CI 0.19-0.34) for RG vs. OG and OR = 0.30 (95% CI 0.24-0.37) for LG vs. OG,
indicating that both robotic and laparoscopic distal pancreatectomies had substantially reduced
transfusion requirements relative to open surgery (Supplementary Figure 80, Supplementary Table
20). There was no significant difference in the transfusion rate between the RG and LG. No
inconsistency was detected in the network (Supplementary Table 21). SUCRA-based rankings
placed the robotic approach as best (rank 1), laparoscopic as rank 2, and open as rank 3 (worst) in
terms of the lowest transfusion rates (Supplementary Figure 81).

The Quantity of Blood Transfusion

Four studies (six pairwise comparisons; 363 patients) analyzed the mean number of blood units
transfused per patient (Supplementary Figure 82 and 83).

Both minimally invasive approaches were associated with a lower volume of blood transfusion
than open surgery. The mean difference in transfused units was —1.98 (95% CI -3.42 to -0.54) for RG
vs. OG and -1.86 (95% CI -3.12 to -0.59) for LG vs. OG, indicating that, on average, patients in the
robotic and laparoscopic groups received approximately two fewer units of blood than those in the
open group (Supplementary Figure 84, Supplementary Table 22). There was no significant difference
in the transfusion quantity between the RG and LG. No inconsistencies were observed across these
studies (Supplementary Table 23).

Intensive Care Unit Length of Stay

Nine studies (1,272 patients) reported the postoperative ICU length of stay (Supplementary
Figure 85 and 86). Both the RG and LG were associated with a significantly shorter ICU stay duration
than the OG. The mean difference in ICU days was —4.01 (95% CI -5.97 to —2.05) for RG vs. OG and -
2.27 (95% CI -3.71 to —0.83) for LG vs. OG (Supplementary Figure 87, Supplementary Table 24).
Thus, on average, patients who underwent robotic distal pancreatectomy spent approximately four
fewer days in the ICU than those who underwent open surgery, and laparoscopic patients spent
approximately two fewer days than those who underwent open surgery. There was no significant
difference in ICU stay between the RG and LG in the NMA. No inconsistencies were observed
(Supplementary Table 25). According to the SUCRA, the ranking from shortest to longest ICU stay
was RG best (rank 1), LG rank 2, and OG worst (rank 3) (Supplementary Figure 88). These results
suggest a clear benefit of minimally invasive approaches in reducing the need for prolonged critical
care, likely reflecting overall lower perioperative stress and fewer complications.
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Reintervention Rate

Thirty-seven studies (11,568 patients) reported the reoperation rate after surgery. RG and LG
were associated with a lower reintervention rate than the open approach (0.451, 95%CrI 0.225 to 0.836
and 0.560, 95%CrI 0.322 to 0.962, respectively) (Supplementary Table 26).

There was no significant difference in the reintervention rate between the RG and LG.

SUCRA rankings for reintervention risk indicated robotic surgery as the best (rank 1, lowest
reintervention rate), laparoscopic surgery as rank 2, and open surgery as rank 3 (highest
reintervention) (Supplementary Figure 92). There was no evidence of inconsistency in the network
(node split analysis, P > 0.05; Supplementary Figure 93).

Hospital Length of Stay

A total of 63 studies (18,113 patients; 54 two-arm and 9 multi-arm studies) provided data on the
length of postoperative hospital stay (Supplementary Figure 97 and 98). Both minimally invasive
approaches showed significantly shorter hospital stays than open surgery (Supplementary Figure
101). Pooled estimates indicated that RG patients had a shorter length of in-hospital stay than OG,
with a MD of -8.77 days (95% Crl-13.34 to-4.22), while LG had a MD of -6.93 days (95% Crl-10.67 to-
3.23) (Supplementary Table 29).

No inconsistencies were observed in this network (Supplementary Figure 104). According to the
SUCRA, robotic surgery ranked best (shortest stay), laparoscopic surgery second, and open surgery
worst for this outcome (Supplementary Figure 102 and 103). A meta-regression did not show any
statistically significant temporal trends; the advantage of minimally invasive surgery in shortening
hospital stay persisted over the study years without obvious change. These results underscore the
major benefit of laparoscopic and robotic distal pancreatectomy: a faster recovery and discharge from
the hospital compared to the open approach, with the robotic approach possibly offering the greatest
reduction in hospital stay.

Readmission Rate

Thirty-one studies (34 comparisons) investigated the hospital readmission rates after distal
pancreatectomy (Supplementary Figure 110, Supplementary Figure 111). No statistically significant
differences in the 30-day readmission rates were found among the three approaches (Supplementary
Figure 112, Supplementary Table 30). No inconsistency was detected in this network (Supplementary
Table 31). The cumulative rank probabilities did not clearly favor any approach; the SUCRA values
were very close, indicating that the likelihood of being the best or worst in terms of readmissions was
similar across the open, laparoscopic, and robotic groups (Supplementary Figure 113). Overall, the
choice of surgical approach did not significantly influence the need for readmission shortly after
surgery.

In-Hospital Mortality

Nine studies (1,009 patients) reported in-hospital (same-admission) mortality (Supplementary
Figure 114 and 115). No significant differences were observed in in-hospital mortality among the
open, laparoscopic, and robotic groups (Supplementary Figure 117 and 119).

30. -Day Mortality

Thirty-one studies, including 12,127 patients, examined 30-day postoperative mortality
(Supplementary Figure 125 and 126).

The RG was associated with significantly lower 30-day mortality (OR 0.159, 95%CrI 0.0294-
0.459) (Figure 8). The LG also presented a lower 30-morality, although the statistical significance was
marginal (OR = 0.477, 95%CrI 0.164-0.954) (Figure 9, Table 4).

According to the SUCRA values, the RG ranked first, LG second, and OG third (Figure 10 and
11). In the frequentist NMA, the LG did not maintain statistical significance (Supplementary Figure

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.0306.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 September 2025 d0i:10.20944/preprints202509.0306.v1

20 of 31

127 Supplementary Figure 128, Supplementary Figure 129, Supplementary Table 32, Supplementary
Figure 130).

Table 4. Treatment effects for all studies: comparison of all treatment pairs. Outcomes 30-day mortality. Bayesian

NMA.
Laparoscopic Open Robotic
Laparoscopic Laparoscopic 2.1(1.05, 6.1) 0.34 (0.1, 0.83)
Open 0.48 (0.16, 0.95) Open 0.16 (0.03, 0.46)
Robotic 2.97(1.2,9.78) 6.29 (2.18, 34.05) Robotic

Figure 9. Bayesian random effect consistency model forrest plot for outcome 30-day mortality. Between-study
standard deviation (log-odds scale): 0.62 . 95% credible interval: 0.02, 1.86 .
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Figure 10. Litmus Rank-O-Gram: Outcomes 30-day mortality. Higher SUCRA (Surface Under the Cumulative

Ranking Curve) values and cumulative ranking curves nearer the top left indicate better performance.
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Figure 11. Radial SUCRA plot: Outcomes 30-day mortality. Higher SUCRA values indicate better treatments;

size of nodes represent number of participants and thickness of lines indicate number of trials conducted.

No inconsistencies were detected between the comparisons (Supplementary Figure 131,
Supplementary Figure 132). No deviance was observed (Supplementary Figure 133, 134, and 135).
No publication bias was detected (Supplementary Figure 140).

90. -Day Major Complications

Three studies (1,427 patients) reported 90-day major complications (typically Clavien-Dindo
grade III or higher) (Supplementary Figure 141 and 142). No significant differences were observed
between the groups in the incidence of major complications within 90 days postoperatively
(Supplementary Figure 145). The pooled estimates for RG vs. OG and LG vs. OG suggested no large
effect (ORs close to 1 with wide Crls due to limited data), and RG vs. LG was similarly non-significant
(Supplementary Table 37).

Summary

In summary, our analysis on the ranks according to the SUCRA values clearly shows that robotic
surgery demonstrates superior performance across most outcomes, achieving the best ranking (Rank
1) in 84.6% of the measured outcomes and scoring 92.3% of the maximum possible points (Figure 12,
Figure 13, Figure 14, Figure 15, Figure 16). Laparoscopic surgery showed moderate performance,
whereas open surgery ranked lowest in this comparison.
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Figure 16. Comprehensive Performance Analysis.

Discussions

This network meta-analysis provides an updated and comprehensive comparison of the
perioperative outcomes of open, laparoscopic, and robotic distal pancreatectomy for resectable
lesions of the left pancreas. Based on the SUCRA rankings, robotic surgery demonstrated superior
performance across most evaluated outcomes, achieving the highest rank (Rank 1) in 84.6% of the
assessed parameters and accounting for 92.3% of the maximum possible performance score.
Specifically, the robotic approach was associated with better intraoperative outcomes, including
reduced blood loss, fewer transfusions, and a lower volume of transfused blood products. These
advantages translated into shorter ICU and hospital stays, fewer reinterventions, and lower rates of
both 30-day mortality and 90-day major complications. Laparoscopic surgery generally showed
intermediate performance, whereas open surgery consistently ranked lowest in this comparative
analysis.

The mean age of patients in the RG was significantly lower than that of the OG, but not
significantly different from the LG. However, these age differences have diminished in more recent
publications compared to earlier ones. In a previous meta-analysis, patients undergoing RDP were
significantly younger than those undergoing LDP [92]. The current findings suggest that with
increased familiarity and broader implementation of the robotic platform in pancreatic surgery, the
indications for RDP have expanded to include older patients with more comorbidities.

Operative time was significantly longer in the RG, consistent with previous studies from high-
volume centers [93]. This increase may be attributed to the docking and instrument exchange times.
Additionally, the lack of tactile sensation may contribute to more cautious and slower maneuvers,
particularly during the early stages of the learning curve. Meta-regression analysis revealed no
significant change in relative operative times over the years of publication, nor any influence of the
study sample size on this parameter. This persistent difference may reflect a trend toward applying
robotic surgery to more complex cases and malignancies, as well as its adoption in smaller centers
[94]. Three studies in our analysis compared all three techniques head-to-head [27,54,61], consistently
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reporting the longest operative time in the RG and the shortest in the OG group. However, a
previously published meta-analysis [95] found comparable operative times across the three
techniques. Operative time is closely related to surgical experience and standardization of the
technique [96], with optimized outcomes reported after 40 robotic procedures [97]. In the present
analysis, we included results from expert centers alongside those that were still in the early stages of
the learning curve. From this perspective, the open approach ranked highest in the SUCRA scores,
likely reflecting the broader experience of surgeons with open surgery.

The conversion rate in the RG was significantly lower than that in the LG, and meta-regression
showed that this advantage remained consistent across different study timelines and sizes. This is a
noteworthy finding, especially considering that experience with LDP is generally greater than that
with RDP. Since laparoscopy remains the most widely used minimally invasive approach for distal
pancreatectomy [15], it is plausible that most publications on RDP originate from high-volume
centers with significant expertise in robotic surgery.

The favorable intraoperative outcomes of MIDP were reflected in better postoperative outcomes
in both the RG and LG than in the OG. These findings emphasize the general advantages of minimally
invasive techniques over open surgery, with the robotic approach potentially offering the greatest
reduction in hospital stay. Additionally, in-hospital and 30-day mortality rates were significantly
lower for the RG than for the OG and marginally better for the LG than for the OG. However, the
surgical approach had no significant influence on the readmission rate or 90-day major complications,
suggesting that these long-term outcomes may be more closely related to disease-specific or organ-
specific complications than to the surgical technique used.

Although this network meta-analysis offers important comparative insights into open,
laparoscopic, and robotic distal pancreatectomy, several limitations must be acknowledged. Most of
the included studies were retrospective, which may have introduced various forms of bias.
Nevertheless, the inclusion of prospective studies and one randomized trial adds strength to the
overall evidence. Some heterogeneity existed among the studies in terms of patient selection, surgical
expertise, and perioperative protocols, which reflect real-world clinical practice. Although many
comparisons were indirect, the absence of statistical inconsistency in the network and the application
of established statistical methods strengthened the credibility of the results.

Conclusions

This network meta-analysis highlights the perioperative advantages of minimally invasive distal
pancreatectomy over the open approach, with RDP being safe and providing significant
postoperative advantages over the other two approaches, including 30-day mortality and lower
conversion rate. However, caution is warranted when interpreting these findings, as most robotic
data are derived from high-volume expert centers.
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