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Background: The use of minimally invasive (laparoscopic and robotic) pancreatoduodenectomy (PD) is being increasingly adopted 
despite the lack of hard evidence to support its utilisation. With recent randomised controlled trials (RCTs) comparing open pan-
creatoduodenectomy (OPD) with robotic or laparoscopic pancreatoduodenectomy (RPD or LPD), we undertook a network meta- 
analysis (NMA) comparing all 3 approaches to evaluate comparative outcomes.
Methods: A systematic search of MEDLINE, EMBASE, and Cochrane CENTRAL was conducted up to May 2024 and relevant RCTs 
were identified. A random-effects meta-analysis and trial sequential analysis (TSA) were conducted for primary outcomes, followed 
by a Bayesian NMA of length of stay (LOS), duration of surgery, intraoperative blood loss, and pancreas resection-related outcomes
Results: Seven RCTs involving 1336 patients were included, 5 investigating LPD compared with OPD and 2 RPD to OPD. Pairwise 
meta-analysis indicated that LPD was associated with shorter hospital stay (mean difference [MD], −1.39; 95% confidence interval 
[CI], −2.33 to −0.45) and lower intraoperative blood loss compared with OPD (MD, −131; 95% CI, −146 to −117). However, LPD was 
associated with significantly longer operative duration (MD, 39.5; 95% CI, 34–45). TSA confirmed the robustness of the positive and 
negative findings on pairwise meta-analysis. In comparison, there were no significant differences between RPD and OPD in pairwise 
meta-analysis, which could not be confirmed by TSA. Network meta-analysis tended to favour LPD in most outcome parameters 
including LOS, duration of surgery, and pancreas resection-related outcomes.
Conclusions: The current RCT evidence suggests potential better outcomes in LPD in comparison with RPD and OPD. However, 
few studies demonstrated robust statistical significance in outcome measures, suggesting an underpowered evidence base and 
possible selection bias. Hence, with current equivocal data, there is a need for ongoing RCTs to validate the role of minimally invasive 
approaches in PD.

INTRODUCTION
Pancreatoduodenectomy (PD) is a technically challenging and 
complex procedure with high mortality and morbidity. Advances 
in minimally invasive surgery including laparoscopic and robotic 
platforms have been associated with some improved outcomes in 
pancreatic surgery.1 Randomised controlled trials (RCTs) of these 
minimally invasive surgical approaches will provide a higher 
level evidence base to support more widespread adoption. There 
must additionally be a cost–benefit demonstration for pressurised 
healthcare systems, and definitive evidence of patient benefit.2

Since the first RCT was published in 2017,3 several RCTs 
have been completed for the use of minimally invasive surgery. 

Laparoscopic and robotic approaches have significant differences 
compared with the open approach, the latter of which is the cur-
rent standard of care in most centres worldwide. While laparo-
scopic pancreatoduodenectomy (LPD) is now considered safe and 
feasible in high-volume centres with vast experience in minimally 
invasive techniques, robotic systems are thought to have benefits 
for overcoming restrictions to challenging laparoscopic ergonom-
ics.2 The robotic systems are considered particularly valuable 
during the reconstruction stages of PD and when a vascular resec-
tion may be required.4 Several retrospective studies have compared 
OPD to LPD and robotic pancreatoduodenectomy (RPD)1,5–8 and 
previous meta-analyses do not incorporate the latest evidence.9–11 
Furthermore, there are no RCTs comparing LPD to RPD. The 
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more recent RCTs predominantly compared open with the robotic 
approach for PD and are likely to be the most frequently used 
approaches for PD over LPD, particularly in Europe.

Given the emergence of new RCTs in this otherwise contro-
versial evidence base, comparison of all available evidence is 
therefore prudent. We aimed to assess RCTs comparing open, 
laparoscopic, and robotic approaches to PD and compare their 
outcomes and synthesise the existing trial evidence. We further 
aimed to undertake a network meta-analysis (NMA) with trial 
sequential analysis to compare the 3 operative strategies given 
the absence of direct evidence comparing LPD with RPD.

METHODS
This review adhered to the recommendations of the Cochrane 
Handbook for Systematic Reviews and Interventions and is 
reported in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement.12 
A review protocol was developed a priori and submitted for 
registration to PROSPERO (ID: 522756).

The inclusion criteria were patients over 18 years old with 
benign, premalignant, or malignant indications for PD.

Literature Search

A systematic search of MEDLINE (OVID), EMBASE, EMBASE 
Classic, and the Cochrane Controlled Register of Trials 

(CENTRAL) was conducted from their date of inception to May 
24, 2024, and filtered for only “randomised controlled trials 
(RCTs)” and all ”clinical trials.” The following query key-words 
and MeSH terms were employed: laparoscop*, ‘Minimally 
Invasive Surgical Procedure’, Robotic Surgical Procedures 
pancreatoduodenectomy, pancrea* surg*, pancrea* resection, 
Whipple. The full search is presented in Supplemental Appendix 
A, http://links.lww.com/AOSO/A417. An additional hand search 
was conducted and content experts in the field of pancreatic sur-
gery were consulted to identify any other possible studies.

Study Selection and Data Points and Extraction

Title and abstract screening were conducted independently by 
2 reviewers (N.J. and J.L.) following deduplication. In cases 
where there was disagreement regarding the suitability of trials 
for full-text review, a third party (C.V.) was consulted to resolve 
any discrepancies. Subsequently, the full texts of shortlisted arti-
cles were reviewed independently by the same 2 reviewers. A 
comprehensive overview of the screening process is provided in 
the PRISMA flow diagram (Fig. 1).

The data were extracted using a predefined extraction sheet, 
which can be provided upon reasonable request. Two review-
ers (N.J. and C.V.) conducted this independently of each other. 
Following extraction, the reviewers compared the data, address-
ing any inconsistencies through discussion. If necessary, a third 
party (J.L.) was consulted to resolve any discrepancies and reach 
a consensus.

FIGURE 1. PRISMA flow diagram of study selection.

http://links.lww.com/AOSO/A417
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Data was sought for general information (eg, year of publica-
tion, country, number of institutions); study participant charac-
teristics (eg, age, disease, American Society of Anesthesiologists 
status), and inclusion and also exclusion criteria; type of inter-
vention (laparoscopic, robotic-assisted, open, technique used); 
surgeon experience in both techniques used; and clinical out-
comes (length of stay [LOS], postoperative pancreatic fistula 
[POPF], postpancreatoduodenectomy haemorrhage [PPH], 
delayed gastric emptying [DGE], bile leak).

Outcome Measures, Terminology, and Definitions

The primary outcome measure was LOS. This was because 
LOS is the most commonly reported primary outcome in 
RCTs published to date comparing OPD to LPD or RPD (4 of 
7 RCTs). Secondary outcome measures were estimated intra-
operative blood loss, oncological outcomes, and pancreatic- 
specific outcomes; DGE, POPF, biliary fistula, and PPH as 
per the International Study Group for Pancreatic Surgery 
(ISGPS).13–16

Classification of the different minimally invasive approaches 
was done using the Brescia European Guidelines on Minimally 
Invasive Pancreatic Surgery (EGUMIPS).17 In the current study, 
“Robotic PD” denoted operations considered “purely robotic” 
and “robot-assisted” as per the EGUMIPS. Purely RPD is char-
acterised by the placement of 3 to 4 robotic ports and 1 or more 
laparoscopic ports. The procedure is performed through 3 to 4 
robotic ports and 1 or more laparoscopic ports. The robot is 
docked at the beginning of the surgery. Resection and recon-
structive phases are carried out with robotic instrumentation. 
By comparison, the “robot-assisted” variant used the same port 
setup but with the resection phase carried out using both robotic 
and laparoscopic instruments. Hybrid procedures involving 
mini-laparotomies or extensive laparoscopic surgery were not 
considered in this group. “Laparoscopic PD” denoted “laparo-
scopic” and “single-port laparoscopic” procedures as defined by 
EGUMIPs were considered LPD in the current study.17

Risk of Bias Assessment

The Cochrane Collaboration’s Risk-of-bias tool 2.0 was used to 
assess study design.18

Statistical Analysis

R (R Foundation for Statistical Computing, Vienna, Austria) 
was used for this analysis using the meta package. In studies 
that reported medians for continuous variables, mean and SD 
estimates were calculated from the methods of Wan et al19 and 
Luo et al.20 We first conducted a random-effects meta-analysis 
for primary outcomes. The relative risk and 95% confidence 
interval (CI) were estimated.

Subsequently, we performed a trial sequential analysis (TSA) 
to assess the reliability of the effect size based on cumulative 
aggregation of included trials per the recommendations of 
Pogue and Yusuf21 (Supplemental Methods, http://links.lww.
com/AOSO/A417). If corrected trial sequential monitoring 
boundaries were crossed before meeting the required informa-
tion size, meta-analyses were considered reliable, and if not, fur-
ther RCTs are required.22

A random-effects NMA, with 3 nodes for each of the 
approaches studies, was performed using GeMTC in R.23 
GeMTC employs a Bayesian framework with noninformative 
priors. Network maps were generated to visualise all direct 
comparisons made. Line thickness corresponded with the num-
ber of studies assessing a particular direct comparison and 
the size of nodes correlated with the number of participants 
receiving a particular intervention. Odds ratios were used for 
categorical outcome data, and mean differences (MDs) for 

continuous data, both accompanied by 95% credibility inter-
vals (CRIs). OPD was the comparator arm. Rankogram plots 
visualised the relative effectiveness of each intervention per out-
come represented as stacked bar plots of the probability of each 
intervention achieving each rank. Sum under the cumulative 
ranking scores were used to rank interventions where a score 
of 1 meant the intervention was the best ranked 100% of the 
time, and a score of 0 where it ranked as the worst intervention 
100% of the time.24 Heterogeneity was assessed by assessing 
the random- effects SDs.25 Transitivity was assessed by collecting 
and comparing demographic data, surgical approach, and coint-
erventions across direct comparisons. Comparison-adjusted 
funnel plots were constructed and visually inspected for asym-
metry to indicate publication bias.

RESULTS

Study Characteristics

The search results and study selection are summarised in 
Figure 1. The final 7 studies included 1336 patients (range: 
64–656) and were conducted in 5 different countries (India, 
Spain, The Netherlands, China, and Germany). Three studies 
were single-centre trials,3,9,26 a further 4 were multicentre tri-
als.11,27–29 One study was a multicentre patient-blinded study.29 
The PLOT trial exclusively included patients with periampul-
lary cancers,3 whereas the Wang et al only included patients who 
underwent PD for pancreatic ductal adenocarcinoma.28 The 
remaining RCTs included patients with benign, premalignant, 
and malignant conditions of the pancreatic and periampullary 
regions. The conversion rate from LPD to OPD and from RPD 
to OPD varied from 3% to 23.5% and 3.7% to 19%, respec-
tively. The summated rate of conversion from a minimally inva-
sive approach to open was 6.2% (32/513) in LPD and 8.8% 
(9/110) in RPD. Study characteristics are presented in Table 1. 
Age, gender mix, and body mass index were generally compa-
rable between direct comparisons. Study population charac-
teristics, operative characteristics, and histological findings are 
presented in Table 2.

Pairwise Meta-Analysis

Pairwise meta-analysis of LPD to OPD demonstrated that LPD 
was significantly associated with a shorter LOS (MD, −1.39; 
95% CI, − 2.33 to −0.45) (Fig. 2) and lower intraoperative 
blood loss compared with OPD (MD, −131; 95% CI, −146 to 
−117). However, LPD was associated with significantly longer 
operative duration (MD, 39.5; 95% CI, 34–45). Direct compar-
isons between RPD and OPD did not show any significant dif-
ferences in any of the outcomes analysed (Fig. 3). The full results 
of the pairwise meta-analysis are presented in the Supplemental 
Appendix, http://links.lww.com/AOSO/A417.

Outcomes of the Network Meta-Analysis

Primary Outcome Measure

Length of Stay. Table 2 summarised the results of the NMA 
from the direct comparisons of LOSs between the different sur-
gical approaches. OPD compared with the LPD had the most 
direct comparisons (n = 5). Rankograms showed that LPD was 
associated with the shortest LOS, followed by RPD (Fig. 4). 
LPD, RPD, and OPD were ranked the best approach in 82%, 
13%, and 5% of all comparisons, respectively.

Secondary Outcome Measures

Intraoperative Blood Loss. All 7 trials reported estimated intra-
operative blood loss and made direct comparisons of the specific 
approaches. Open versus laparoscopic approach was the most 

http://links.lww.com/AOSO/A417
http://links.lww.com/AOSO/A417
http://links.lww.com/AOSO/A417
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frequent comparison. LPD was associated with a significant 
reduction in estimated intraoperative blood loss compared with 
OPD (MD [CRI]: −130 [−250 to −37]). LPD had the lowest 

estimated blood loss in 71.1% of all comparisons followed by 
RPD in 28.7% of all comparisons. Open surgery was associated 
with the lowest blood loss in 0.02% of all comparisons.

FIGURE 2. Forest plot showing the meta-analysis of LOS comparing LPD to OPD.

FIGURE 3. Forest plot showing the meta-analysis of LOS comparing LPD to OPD.

FIGURE 4. Network graph and Rankogram comparing LOS. A, Rankogram showing relative effectiveness of each intervention. B, Network graph showing 
direct comparisons. Line thickness corresponded with the number of studies assessing a particular direct comparison and the size of nodes correlated with the 
number of participants receiving a particular intervention.
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Duration of Surgery. All 7 trials made direct comparisons of the 
duration of surgery between either open and robotic or open 
and laparoscopic approaches. LPD was associated with signifi-
cantly longer operating time than OPD (MD [CRI]: 67 [5.4–
130]). Open surgery had the shortest operating time in 54% of 
all comparisons. This was followed by RPD and LPD in 45% 
and 1% of all comparisons, respectively.

Ninety-Day Mortality. The overall 90-day mortality reported 
across all 7 trials was 2.4% (30/1240). For patients undergoing 
OPD, the 90-day mortality was 2.2% (14/623). In the LPD and 
RPD groups, it was 2.9% (15/511) and 0.90% (1/110), respec-
tively. In 86.6% of all comparisons, robotic-assisted PD was 
associated with the lowest rate of 90-day mortality. In compar-
ison to this, laparoscopic and open approaches were associated 
with the lowest 90-day mortality rates in 5.4% and 8.1% of all 
comparisons.

Ninety-Day Readmission. Overall, 5.6% (35/623) of patients 
who had OPD were readmitted to the hospital in the 90 days 
following discharge after their index operation. The 90-day read-
mission rate was 5.3% (27/511) for the LPD group and 10% 
(11/110) for the RPD group. There were no significant differences 
in readmission rates between the different surgical approaches. 
Among all comparisons made, LPD was associated with the low-
est rates of 90-day readmission in 40% of all comparisons, fol-
lowed by RPD and OPD in 30% of all comparisons each.

Ninety-Day Reoperation. All 7 trials reported direct comparisons 
of 90-day reoperations between either RPD and OPD or between 
LPD and OPD. The rate of 90-day reoperation in patients under-
going OPD was 4.8% (30/623), 4.1% (21/511) in LPD, and 
5.5% (8/110) in RPD. LPD was associated with the lowest rates 
of 90-day reoperation in 54.2% of all comparisons, this was fol-
lowed by RPD in 31.7% and OPD in 14.1% of all comparisons.

Pancreas-Specific Postoperative Complications

Postoperative Pancreatic Fistula. Overall POPF rates were 
reported in all 7 trials. The overall incidence of clinically sig-
nificant (grade B and C) POPF was 13.5% (84/623) in OPD; 
11.1% (57/511) in LPD; and 20% in RPD (22/110). Open com-
pared with the laparoscopic approach had the most number of 
direct comparisons. Rankograms showed that LPD was associ-
ated with the lowest rates of POPF in 78% of all comparisons; 
this was followed by 14% in OPD and then 8% in RPD.

Delayed Gastric Emptying. All 7 trials reported the incidence of 
DGE. Six trials only reported clinically relevant DGE and 1 trial 
reported all incidents of DGE without further stratification. The 
incidence of DGE was 13.8% (86/623) in OPD; 14% (72/511) 
in LPD, and 19.0% (21/110) in RPD. The most number of direct 
comparisons of postoperative DGE was made between open 
and laparoscopic surgical approaches. Rankogram showed that 
the laparoscopic approach was best in minimizing postoperative 
DGE in 58% of cases. Open surgery was best in 32% of cases 
and the robotic approach was the best technique only in 9% of 
cases.

Bile Leak. Five studies reported clinically relevant (grade B/C) 
bile leak, with an incidence of 5.6% (62/1116). One study did 
not specify the grade of the bile leak.3 Poves and colleagues 
reported biliary fistula without again specifying the grade of bile 
leak. The rate of bile leak was 5.5% (34/620) for OPD; for LPD 
it was 5.7% (29/511), and 7.2% (8/110) in RPD. As all previous 
outcomes, the most direct comparisons were between OPD and 

LPD. RPD had the lowest rates of bile leak in 40% of all com-
parisons. OPD and LPD had the lowest rates of bile leak in 30% 
of all comparisons made each.

Postpancreatectomy Haemorrhage. Direct comparisons of 
the rate of clinically relevant PPH between the OPD and LPD 
or OPD and robotic-assisted PD were reported in 6 trials. The 
overall rate of clinically relevant PPH postoperatively was 8.1% 
(39/479) in LPD; 10% (11/110) in RPD, and 9.0% (53/588) in 
OPD. The laparoscopic approach was associated with the low-
est rate of clinically relevant PPH in 56% of all comparisons. 
Robotic-assisted and open approaches were associated with the 
lowest rate of clinically relevant postoperative PPH in 23% and 
21% of all comparisons, respectively.

Oncological Outcomes

Number of Lymph Nodes Resected. The number of nodes 
resected in the operation was reported by all 7 studies, with 5 
direct comparisons between LPD and OPD and 2 direct com-
parisons between OPD and RPD. In 50% of all comparisons, 
RPD was associated with the greatest number of lymph nodes 
resected. This was followed by LPD and OPD in 45% and 5% 
of all comparisons, respectively.

Trial Sequential Analysis

TSA of LOS demonstrated that the cumulative Z-curve crossed 
the trial sequential monitoring boundary, which suggested an 
advantage of LPD over OPD (Fig. 5). For length of surgery, the 
cumulative Z-score crossed the TSMB in favour of OPD com-
pared with LPD (Fig. 6). The cumulative Z-score for 90-day 
mortality and POPF, did not cross the conventional boundary 
or the futility boundary which indicates insufficient evidence for 
the effect of LPD versus OPD. TSA of the remaining outcomes 
investigating the effectiveness of LPD and OPD was not statisti-
cally tenable due to limited information.

For comparisons of RPD to OPD, the cumulative Z-score 
for 90-day mortality and the number of lymph nodes retrieved 
from the dissection did not cross the TSMB or futility boundar-
ies, again suggesting insufficient evidence for the effect of RPD 
over OPD. TSA was not able to be performed for the remaining 
outcomes comparing RPD to OPD due to limited information 
(Supplemental Appendix, http://links.lww.com/AOSO/A417).

Transitivity Analysis

Definitions of outcomes analysed were largely similar, however, 
one study defined LOS as the total number of nights spent in 
the hospital following admission.29 All other trials defined it 
as the number of nights spent in the hospital after the index 
operation. All 7 studies used the ISGPS definition for pancreatic- 
specific complications (POPF, DGE, bile leak, PPH). All trials 
made admissions of technical differences in operative technique 
including: the decision to employ the pylorus-preserving tech-
nique; enteric anastomotic configuration; extent of lymph node 
dissection, and other techniques. This was described to be often 
left to the discretion of the primary surgeon. While there were 
no concomitant techniques described with any approach, Klotz 
and colleagues did report a higher proportion of patients under-
going OPD having pylorus preservation. Ages, gender mix, and 
other patient characteristics were generally comparable between 
direct comparisons. Most trials were conducted in Asia (60%) 
with the remaining trials being carried out in Europe (40%).

Risk of Bias

Risk of bias assessments are demonstrated in the Supplemental 
Appendix, http://links.lww.com/AOSO/A417. Only one study 

http://links.lww.com/AOSO/A417
http://links.lww.com/AOSO/A417
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was determined to have a low overall risk of bias. Four (57.1%) 
trials had an overall high risk of bias, while a further 2 trials 
(28.6%) had some concerns. Most studies demonstrated clear 
and efficacious randomization, appropriate intention-to-treat 
analysis, and transparent outcome reporting.

Heterogeneity and Publication Bias Analysis

Some heterogeneity was found for the outcomes: postoperative 
LOS, and estimated intraoperative blood loss. Postoperative 
90-day mortality, DGE, biliary leak, and the number of nodes 
resected. No significant heterogeneity was identified in the other 
outcome data. Heterogeneity analysis is summarised in the 
appendix. Comparison-adjusted funnel plots showed an even 
distribution of studies adjacent to the pooled estimate line for 
most outcomes (Supplemental Appendix, http://links.lww.com/
AOSO/A417).

DISCUSSION
This NMA and trial sequential analysis presents the cumula-
tive evidence from RCTs comparing the outcomes of open, 
laparoscopic, and robotic approaches for PD. Pairwise com-
parisons between OPD and LPD, as well as OPD and RPD, 
revealed significantly improved outcomes for LPD, while no 
significant differences were observed between OPD and RPD. 
However, few outcome differences reach statistical significance 
suggesting an underpowered evidence-base from current trials 
to make firm conclusions.30 The rank scores of the network 
analysis suggest that LPD is superior to the other approaches 
for many outcomes. Furthermore, it should be noted that the 
absolute differences in rates of postoperative outcomes were 
often minimal, making the ranks from the network analysis 

less informative. Trial sequential analysis confirms that while 
the LPD reduces hospital stay, it is associated with longer oper-
ative duration compared with OPD, inadequate data exists to 
determine differences in pancreas-specific complications, onco-
logical outcomes, health-system outcomes, and patient-reported 
outcomes (PROs). Therefore, there is an ongoing need for more 
randomised evidence to define the value of minimally invasive 
pancreatic surgery platforms.

The findings of the present systematic review and meta- 
analysis validate 2 important conclusions made by previous 
meta-analyses and trials.2,31 The duration of surgery for OPD 
was significantly shorter compared with LPD, while LPD 
resulted in a reduced LOS. These consistent findings are further 
strengthened by the results of the TSA which shows that the 
collated trials to date have provided enough statistical evidence 
to make these conclusions valid. However, operative time can 
be influenced by factors such as advancements in technology, 
surgeon training, and evolving surgical paradigms, and there-
fore may remain a relevant clinical endpoint in future trials. 
This study did not confirm purported lower rates of DGE after 
either LPD or RPD when compared with OPD,32 as well as 
higher numbers of lymph nodes resected after RPD and LPD 
over OPD.31 Furthermore, when compared with earlier studies 
our results show outcomes after RPD appear less favourable 
against laparoscopic approaches and even OPD in some out-
come parameters. This is likely due to the paucity of RCT-grade 
evidence available for the robotic approach and the obliga-
tory learning curves which vary between centres. Moreover, 
the results of the 2 RCTs were divergent. The EUROPA trial 
showed a trend for poorer postoperative outcomes after RPD 
when compared with OPD.9 In comparison, Liu et al11 showed 
improved intraoperative blood loss and intraoperative transfu-
sion rate for RPD over OPD. Notably, the conversion rate of 
RPD to OPD in the EUROPA trial was 23% compared with 

FIGURE 5. TSA figure for LOS (LPD vs OPD).

http://links.lww.com/AOSO/A417
http://links.lww.com/AOSO/A417
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the 3% reported in the trial by Liu and colleagues. An explana-
tion for the reported difference was that a threshold of 40 was 
used to determine proficiency in both EUROPA and the study 
by Liu and colleagues, yet 2 surgeons in the former trial did not 
meet this threshold. It would be reasonable to conclude that the 
quantity of evidence is therefore currently insufficient and likely 

to be disproportionately influenced by these potentially anoma-
lous findings to confirm the efficacy of RPD.

Despite these contradictory findings robotic surgery still 
offers clear advantages to what are some of the intrinsic limita-
tions of laparoscopy, including 3-dimensional visualization, bet-
ter instrument dexterity, and ergonomics. However, its adoption 

FIGURE 6. TSA figure for length of operation (LPD vs OPD).
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in pancreatic surgery has not been as widespread due to the 
technical complexity of the procedure, relevant costs (not sys-
tematically assessed yet in literature), and the low caseload of 
PD themselves. It is, therefore, perhaps not surprising that the 
few comparative studies to date have shown conflicting clinical 
outcomes. One previous systematic review and meta-analysis 
identified RPD was associated with significantly lower rates of 
conversion to open surgery and transfusions. However, it was 
composed entirely of nonrandomised comparative studies.33 
The current RCT evidence, indirectly compared in the NMA, is 
underpowered to conclusively determine the superiority of any 
single approach.

Research in pancreatic surgery demonstrates that concentrat-
ing procedures in high-volume centres among smaller numbers 
of surgeons with greater case experience results in improved 
patient outcomes.34,35 The definition of learning curves and 
its stages in pancreatic surgery is heterogeneous. The number 
of procedures required to surpass the learning curve for PD, 
based on a statistical calculation, varied: 30 for OPD (range: 
20–50), 39 for LPD (range: 11–60), and 25 for RPD (range: 
8–100).36 However, factors such as the number of previous 
different minimally invasive procedures performed as well as 
institutional case volume likely confound the learning curve.37 
This creates additional heterogeneity between the studies in the 
current meta-analysis, even when the minimum number of cases 
required to be done were comparable between the trials. The 
interpretation of results is likely therefore influenced by differ-
ent stages of operative technique mastery. In fact, a recent sys-
tematic review demonstrated variation in the evolution of both 
intraoperative and postoperative outcome parameters across 
the different phases of the learning curve.36 The first outcome 
parameters to show improvement were intraoperative variables 
such as LOS and operative time. Postoperative parameters such 
as complications decreased at a later stage of the learning curve. 
This idea, taken together with the fact the current RCT evidence 
is limited warrants further investigation.

The Idea, Development, Exploration, Assessment, and Long-
term monitoring (IDEAL) framework is a step-by-step approach 
to the development and implementation of new surgical tech-
nologies.38 This was developed by an international interdisci-
plinary consensus process. In this framework, RCTs have a role 
in facilitating definitive conclusions regarding system efficacy to 
be made. The RCTs investigating both LPD and RPD in this 
systematic review were identified to have significant method-
ological bias. This was most commonly due to inappropriate 
outcome selection and measurement. The outcome measures 
are poorly defined or measured in most of the trials and often 
rely on variables subject to surgeon preference/discretion such 
as LOS. A core set of outcomes should be defined through inter-
national and interdisciplinary collaboration to best determine 
the clinical efficacy of minimally invasive PD. Furthermore, 
there has been no incorporation of PROs to assess both LPD 
and RPD. This will further aid in understanding of potential 
strengths and weaknesses of the different approaches. PROs are 
also an opportunity to determine the acceptability of different 
minimally invasive approaches to patients and will enhance 
patient participation in the implementation and innovation of 
minimally invasive surgery.39 In addition, new-generation out-
comes and measures such as robotic kinematics, haptic sensors, 
and video data have yet to be reported in the current RCT liter-
ature.40 This data can be useful to assess and score proficiency 
of surgical technique which can then be investigated for associ-
ation with clinical outcomes.

The present analysis has several limitations. To date, there has 
been an accumulation of only low quality and quantity of evi-
dence for minimally invasive approaches for PD. This limitation 
reduces the statistical power and precludes making definitive 
conclusions of superiority or inferiority of any approach. The 
primary outcomes in the trials varied, including LOS, and post-
operative inflammatory markers. This complicates comparisons 

because each trial is powered to detect differences in its desig-
nated primary outcome. Consequently, the statistical power and 
relevance of results are tailored to these unique endpoints, mak-
ing direct comparisons challenging. Furthermore, there were no 
direct comparisons between LPD and RPD. The EUROPA trial 
was a phase 2b trial, which looked primarily at assessing the 
safety of the proposed intervention before conducting larger 
trials to assess efficacy. Notably, this was one of the 2 trials 
investigating RPD, reducing the ability of the current analysis 
to provide conclusive evidence. Three previous NMAs compar-
ing open, laparoscopic, and robotic approaches have been per-
formed to date.31,32,41 However, previous NMAs have primarily 
analysed nonrandomised observational studies and therefore 
were encumbered by significant methodological biases, partic-
ularly in NMA where the robustness of indirect comparisons 
relies on the unbiased estimates provided by existing direct com-
parisons in the absence of confounding. It is also important to 
acknowledge that following the results of the LEOPARD-2 trial, 
the use of robotic platforms for PD is increasing. Data from The 
Netherlands after the aftermath of the LEOPARD-2 trial with 
the implementation of a proctored RPD has shown safe imple-
mentation of the RPD program with comparable morbidity and 
mortality to OPD. It is therefore very likely future randomised 
trials will predominantly compare RPD with OPD to further 
confirm or refute the purported benefits of RPD shown in obser-
vational studies. A further limitation is that it is not possible to 
assess consistency in the NMA comparisons between LPD and 
RPD because only indirect comparisons are available.

Future trials should consider avoiding using postoperative 
LOS or operative duration as primary endpoints to measure the 
comparative value of RPD, LPD, or OPD and should instead 
focus on investigating oncological, PROs, pancreas-specific 
complications, costs, and more importantly should include sur-
geons that have surmounted the learning curve for minimally 
invasive approaches. Trials should also involve incorporating 
independent proctoring into the methodology to more accu-
rately determine the superiority of any surgical approach. While 
this may reduce generalizability to smaller centres where the 
learning curve may not be surmounted, it ameliorates a major 
design flaw that reduces the comparability of different trials.

CONCLUSIONS
The current RCT evidence suggests potential better outcomes in 
LPD in comparison with RPD and OPD. However, few studies 
demonstrated robust statistical significance in outcome mea-
sures, suggesting an underpowered evidence base and possible 
selection bias. Hence, with current equivocal data, there is a 
need for ongoing RCTs to validate the role of minimally invasive 
approaches in PD.
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