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Background: With the rapid development of robotic surgery, especially for the abdominal surgery, 
robotic pancreatic surgery (RPS) has been applied increasingly around the world. However, evidence-based 
guidelines regarding its application, safety, and efficacy are still lacking. To harvest robust evidence and 
comprehensive clinical practice, this study aims to develop international guidelines on the use of RPS. 
Methods: World Health Organization (WHO) Handbook for Guideline Development, GRADE Grid 
method, Delphi vote, and the AGREE-II instrument were used to establish the Guideline Steering Group, 
Guideline Development Group, and Guideline Secretary Group, formulate 19 clinical questions, develop the 
recommendations, and draft the guidelines. Three online meetings were held on 04/12/2020, 30/11/2021, 
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Introduction

The use of robotic surgery in pancreatic procedures such 
as distal pancreatectomy (DP), pancreatoduodenectomy 
(PD), central pancreatectomy (CP), total pancreatectomy 

(TP), pancreas tumor enucleation, Appleby operation, 
radical  antegrade modular pancreatosplenectomy 
(RAMPS) and pancreatic surgery with vascular resection 
have increasingly been described over the last decades 
(1-7). In a previously published international guideline 
statement on robotic pancreatic surgery (RPS), a summary 
was provided on the relevant topics of RPS (8). The 
following Miami Guidelines on Minimally Invasive 
Pancreatic Surgery addressed some of these topics 
and demonstrated the safety and feasibility of RPS in 
some pancreatic procedures (9). However, many topics 
remained unclear due to the lack of data to support the 
current evidence (10,11), leaving the debate on the further 
applicability of robotic surgery. Ever since a variety of 
high-quality multicenter studies have been published 
investigating the application of RPS. As new evidence is 
available now, current literature needs to be reviewed to 
update current existing guidelines on RPS. 

The evidence-based guidel ines  of  the  current 
project are developed by experts in pancreatic surgery 
worldwide. Evidence-based medicine methods including 
thorough literature reviews, evaluation of systematic 
reviews and meta-analyses, and adopting the GRADE 
methodology to assess the level of evidence and strength 
of recommendations were all carried out with the help of 
professional methodologists. Guidelines on RPS as well 
as relevant clinical questions and topics were subsequently 
created. We present this article in accordance with the 
CREDES reporting checklist (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-23-132/rc) (1).

and 25/01/2022 to vote on the recommendations and get advice and suggestions from all involved experts. 
All the experts focusing on minimally invasive surgery from America, Europe and Oceania made great 
contributions to this consensus guideline. 
Results: After a systematic literature review 176 studies were included, 19 questions were addressed and 14 
recommendations were developed through the expert assessment and comprehensive judgment of the quality 
and credibility of the evidence.
Conclusions: The international RPS guidelines can guide current practice for surgeons, patients, medical 
societies, hospital administrators, and related social communities. Further randomized trials are required to 
determine the added value of RPS as compared to open and laparoscopic surgery.
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Highlight box

Key recommendations
• Robotic distal pancreatectomy is associated with less intraoperative blood 

loss, less length of hospital stay (LOH) compared to open surgery;
• Robotic spleen-preserving distal pancreatectomy is feasible and comparable 

to open and laparoscopic surgery;
• In experienced hands, robotic pancreatoduodenectomy is associated with 

lower estimated blood loss, and shorter LOH compared to open surgery;
• Robotic radical antegrade modular pancreatosplenectomy (RAMPS) is safe 

and feasible with comparable outcomes compared to open RAMPS;
• Robotic pancreatic enucleation can be applied efficiently in superficial benign 

tumors;
• Ergonomic factors, social factors, and personal factors such as the LOH 

should be evaluated instead of only focusing on the expense caused by 
surgery.

What is known and what is new?
• Previous expert consensus lacked the latest evidence-based medical evidence 

to address providing comprehensive guidance for the clinical practice of 
robotic pancreatic surgery (RPS);

• Our recommendations offer comprehensive advice on indications, safety, and 
efficacy of different types of RPS.

What is the implication, and what should change now?
• This consensus summarizes the latest RPS literature, bringing together 

the opinions and recommendations of 29 Eastern and Western experts on  
19 clinical issues;

• Future research topics include randomized controlled studies of RPS versus 
open and laparoscopic surgery and how to improve short- and long-term 
outcomes of robotic pancreatectomy.

https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-132/rc
https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-132/rc
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Methods 

According to the World Health Organization (WHO) 
Handbook for Guideline Development, a Guideline 
Steering Group* of six experts, a Guideline Development 
Group of a multidisciplinary group of 22 experts, and a 
Guideline Secretary Group were established to develop 
the guidelines. The specific missions for each group were 
defined as follows:

Guideline Steering Group: (I) approve the use of PICOs 
(population, intervention, comparator, outcomes); (II) 
supervise the literature search and systematic reviews; 
(III) check the grade of the evidence; (IV) draft the final 
recommendations using a modified Delphi approach; (V) 
approve the publication of the guideline.

Guideline Development Group: (I) define the scope of 
the guideline and draft the PICOs; (II) grade the quality 
of the evidence; (III) draft preliminary recommendations; 
(IV) write the draft guideline; (V) publish and promote the 
guideline.

Guideline Secretary Group: (I) conduct systematic 
reviews and investigation of patients’ views and preferences; 
(II) provide methodological support.

After the approval of the clinical questions included in 
the current guideline, the following steps were conducted 
one by one (Figure 1):
 Literature review: PubMed, Embase, the Cochrane 

Library, and three Chinese literature databases 
(CNKI, Wanfang, and CBM) from inception to 
October 2021 were used to perform the systematic 
literature review including published articles and 
reviews including conference abstracts (Figure 2).

 Summary of studies: a summary of the literature 
including evidence summary tables using the 
GRADE approach was performed for all included 
questions.

 Recommendations: the GRADE Grid method 
and Delphi vote were used to formulate the 
recommendations and establ ish consensus 
through three rounds of voting meetings. Only 
recommendations with more than 80% agreement 

among experts who attended the meeting were 
approved as a guideline. 

 Validation: all recommendations were submitted 
to 20 external reviewers with enough minimally 
invasive hepato-pancreato-biliary (HPB) surgery 
experience who were not included in the guideline 
voting process. Disagreements on the not approved 
recommendations were discussed by the Guideline 
Steering Group.

The three online voting rounds were held on 04/12/2020, 
30/11/2021, 25/01/2022. At each meeting, there were more 
than 20 attending experts. After the three meetings, the 
manuscript was finished and revised. All experts involved 
in the guideline project reviewed the drafting version, 
gave their comments, and eventually approved for the final 
publication. 

Results 

Question 1: What are the indications for a robotic DP 
(RDP)?

RDP is suitable for benign and malignant tumors located 
in the body-tail of the pancreas as well as large benign 
tumors and malignant tumors requiring associated vascular 
procedures.

Level of evidence: moderate. Grade 1B. Strong 
recommendation (expert agreement 95.0%, audience 
agreement 90.0%).

Comments: for benign and low-grade malignant 
tumors, RDP is superior in operation time, estimated 
blood loss, spleen preserving rate, and infection rate 
compared with open DP (ODP) (12,13). The Dutch 
LEOPARD randomized controlled trial (RCT) compared 
the perioperative outcomes of ODP with laparoscopic 
and robotic procedures and found a reduction in time to 
functional recovery in minimally invasive DP (MIDP) (14).  
For pancreatic ductal adenocarcinoma (PDAC), a 
retrospective pan-European study showed a comparable 
survival after MIDP and ODP, with improved R0 
resection rate and contradictory lymph node retrieval (15). 

 
* Members of Consensus Steering Group: Rong Liu, Mohammed Abu Hila, Marc G. Besselink, Thilo Hackert, Chinnusamy Palanivelu, 
Yupei Zhao. Members of Consensus Development Group: Jin He, Ugo Boggi, Jin-Young Jang, Panaro Fabrizio, Brian K. P. Goh, Mikhail 
Efanov, Yuichi Nagakawa, Hong-Jin Kim, Xiaoyu Yin, Zhiming Zhao, Yi-Ming Shyr, Shridhar Iyer, Eli Kakiashvili, Ho-Seong Han, Jae 
Hoon Lee, Roland Croner, Shin-E Wang, Marco Vito Marino, Arun Prasad, Wei Wang, Songqing He, Tess M. E. van Ramshorst, Kehu 
Yang. Members of Consensus Secretary Group: Qu Liu, Zizheng Wang, Mengyang Li, Shuai Xu, Kongyuan Wei, Zhaoda Deng, Yuze Jia.
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Established Guideline Steering Group and Guideline 
Development Group and Guideline Secretary Group

All members of the guideline 

All members of the guideline 

Methodology committee

Methodology committee

Methodology committee

Methodology committee and expert groups

All experts

External expert groups

Guideline Steering Group

Declaration and management of conflicts of interest

Evidence assessment using GRADE approach

Formulated 19 questions

Formulated 19 recommendations

Performed systematic reviews and investigated patients’ 
values and preferences

Delphi voting (agreement rate ≥80%)

Externally reviewed by experts and revised

Validation of the guidelines

Figure 1 The flow chart illustrates the process of guideline development.

Subsequently, the international multicenter DIPLOMA 
RCT was conducted with the aim to demonstrate the 
non-inferiority of MIDP compared to ODP regarding 
oncological outcomes (16). Results are expected in 2023. 
Another recent meta-analysis concluded an improved R0 
resection rate of RDP compared with laparoscopic DP 
(LDP), with no difference in harvested lymph nodes (17). 
RDP showed comparable disease-free survival (DFS) 
and overall survival (OS) with LDP in one study (18). 
Another study demonstrated a higher median OS of RDP 
compared with LDP and ODP in PDAC patients (19). No 
difference in long-term quality of life was seen after RDP 
and ODP (20). 

Question 2: Is an RDP safe and feasible?

RDP is associated with less intraoperative blood loss, less 

length of hospital stay (LOH) compared to ODP. 
Level of evidence: moderate. Grade 1B. Strong 

recommendation (expert agreement 96.0%, audience 
agreement 91.0%).

Comments: lower estimated blood loss, transfusion rate, 
postoperative mortality rate, and shorter length of stay 
were observed after RDP compared with ODP. RDP has 
a significantly higher R0 rate and lower conversion rate 
compared with LDP (6,14). No differences in operation 
time estimated blood loss, severe complications, lymph 
node harvested, and LOH were observed (21-23). No 
significant differences were found in operating time, lymph 
nodes harvested, R0 rate, spleen preservation rate, severe 
morbidity rate, and postoperative pancreatic fistula (POPF) 
rate between the two groups (24,25). Significant lower 
POPF rates were found after RDP in patients without 
visceral obesity (26). RCTs comparing RDP to LDP are 
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lacking but needed.

Question 3: What is the learning curve for RDP?

Twenty procedures are considered sufficient to complete 
the learning curve for operating time in RDP.

Level of evidence: low. Grade 2C. Weak recommendation 
(expert agreement 85.0%, audience agreement 80.0%).

Comments: CUSUM method based on operation time 
was used to evaluate the learning curve of RDP. The first 
inflection points were 20 and 37 respectively in two studies 
(27,28). Prior experiences with robotic surgery may shorten 
the learning curve (27). Formal mentorship and skills 
curriculum of initial robotic surgeons can decrease the 
learning curve (29).

Question 4: Should robotic surgery be used for spleen-
preserving DP?

Robotic spleen-preserving DP (R-SPDP) is feasible and 
comparable to open surgery. R-SPDP is feasible and 
comparable to laparoscopic surgery [laparoscopic spleen-
preserving DP (L-SPDP)]. 

Level of evidence: moderate. Grade 1B. Strong 
recommendation (expert agreement 93.0%, audience 
agreement 91.5%).

Comments: a meta-analysis enrolling 11 studies 
between 2011 and 2020 compared the spleen preservation 
rate of R-SPDP and L-SPDP. Results indicated that 
R-SPDP was superior to L-SPDP regarding the failure 
of spleen preservation. Reduced conversion rates to open 
surgery, blood loss and LOH were observed. Meanwhile, 
operation time, B/C POPF, and other severe postoperative 
complications showed no significant differences (30). A 
recent multicenter cohort study also confirmed improved 
spleen preservation of RDP (25). The robotic Kimura 
and Warshaw procedures were both safe and feasible with 
no significant differences in complications between both 
groups (31). Compared with L-SPDP, R-SPDP has a 
higher spleen vascular preserving rate (32-34). Associated 
costs were higher in R-SPDP (35). One cohort study 
compared open spleen-preserving DP (O-SPDP) with 
minimally invasive spleen-preserving DP (MI-SPDP), 
which was composed of 10 laparoscopic and 13 robotic 
surgeries. Poorer long-term splenic vein patency rates 
occurred in the MI-SPDP group compared with O-SPDP. 
Further research is needed to clarify the difference 
between R-SPDP and O-SPDP (36).

Question 5: What are the indications for robotic CP (RCP)? 

RCP is suitable for benign and borderline tumors in the 
neck and proximal body of the pancreas. 

Level of evidence: moderate. Grade 1B. Strong 
recommendation (expert agreement 96.0%, audience 
agreement 92.0%).

Comments: for benign or low-grade malignant tumors 
located at the neck of the pancreas, compared with RDP, RCP 
showed less estimated blood loss, but was associated with higher 
POPF rate and LOH. No significant improvement in the 
postoperative pancreatic function was observed after RCP (37).  
Comparison of an end-to-end pancreatic anastomosis with 
a pancreaticojejunostomy (PJ) after RCP was performed by 
Wang et al. (38). End-to-end pancreatic anastomosis was 
associated with shorter operative time and reduced blood loss 
and equivalent postoperative endocrine or exocrine function 
but was related to a higher POPF rate (38). Large international 
studies are lacking but needed.

Question 6: Is an RCP safe and feasible?

RCP is considered as safe and efficient as open CP (OCP). 
Level of evidence: low. Grade 2C. Weak recommendation 

(expert agreement 87.0%, audience agreement 82.0%).

Records identified
(n=2,065)

Records excluded
(n=813)

Full-text articles excluded 
(n=694)

Full-text articles excluded
(n=382)

Titles/abstracts screened
(n=1,252)

Full-text articles assessed 
(n=558)

Studies included 
(n=176)

Figure 2 Flow chart of systematic literature review.
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Comments: blood loss is significantly less in RCP 
compared to OCP, but the operation time remains 
controversial (39,40). No differences in post-operative 
diabetes, POPF, and complication rates were observed 
between RCP and OCP (39). Additionally, RCP is 
considered to have low perioperative mortality but a high 
overall POPF rate (41). Minimally invasive CP is safe and 
effective in preserving endocrine and exocrine functions 
in treatment of benign or borderline tumors located at the 
neck or proximal body of the pancreas (42).

Question 7: What is the learning curve for RCP?

More than 20 consecutive cases are needed to surpass the 
safety proficiency learning curve.

Level  of  ev idence:  very  low.  Grade 2D. Weak 
recommendation (expert agreement 81.0%, audience 
agreement 80.0%).

Comments: two inflection points were observed after 12 
and 44 cases of the RCP learning curve. Improvement in 
operation time and blood loss were achieved after the 44th 
case. There was no significant difference in perioperative 
complications between the learning and maturation learning 
curve phase (43). 

Question 8: What are the indications for robotic PD (RPD)?

RPD is suitable for benign and malignant tumors of 
the pancreatic head and periampullary region as well 
as borderline resectable tumors of the pancreatic head 
requiring PD.

Level of evidence: moderate. Grade 1B. Strong 
recommendation (expert agreement 88.0%, audience 
agreement 85.0%).

Comment s :  compared  w i th  open  PD (OPD) , 
in experienced hands RPD is technically feasible 
showing no increase in surgical risk (44-52) as well as 
oncologically justifiable showing comparable survival 
outcomes for PDAC (53-56), primary non-ampullary 
duodenal adenocarcinoma (57), intraductal papillary 
mucinous neoplasms (IPMN) (58) and other low-grade 
malignant tumors (59). Histological outcomes also 
favor RPD (51,60). In high-volume centers, RPD with 
venous reconstruction is feasible (61,62). In patients who 
received neoadjuvant treatment, RPD is associated with 
shorter LOH, better lymphadenectomy, higher receipt of 
adjuvant chemotherapy, and similar OS (63). RPD is also 
associated with a lower operation time, anastomosis time, 

and conversion rate compared to laparoscopic PD (LPD) 
(64,65). Postoperative complications, including POPF, are 
comparable between both procedures (65,66). Obesity is an 
independent risk factor for the implementation of RPD (67).  
RPD is also safe and feasible in elderly patients (68). 
Structured implementation of RPD is suggested to achieve 
better outcomes (69). Formal RPD training in sufficient 
volume centers is feasible without a negative impact on 
clinical outcomes (70-72). Overall costs of RPD are higher 
compared to open PD (73,74). RCTs on RPD vs. open PD 
are lacking but clearly needed. In China the multicenter 
PORTAL trial is ongoing (75), in Europe the single center 
EUROPA RCT has recently been completed (76), and the 
international multicenter DIPLOMA-2 RCT (https://doi.
org/10.1186/ISRCTN27483786) is ongoing.

Question 9: Is a robotic pancreaticoduodenectomy safe and 
feasible?

In experienced hands, RPD is associated with lower 
estimated blood loss, and shorter LOH compared to OPD. 

Level of evidence: moderate. Grade 1B. Strong 
recommendation (expert agreement 90.0%, audience 
agreement 87.0%).

RPD attains similar R0 resection and a higher lymph 
node yield compared to OPD.

Level of evidence: low. Grade 2C. Weak recommendation 
(expert agreement 83.5%, audience agreement 81.0%).

Comments: in contrast with OPD, RPD showed slight 
favorable short-term outcomes according to several 
published studies (45,77-82). The available systematic 
reviews on RPD versus OPD, including a high amount 
of recently published studies, indicated that RPD was 
associated with lower rates of wound infections, and lower 
overall complications (45,77,79,81). In general, RPD can 
attain around 200 mL less blood loss and nearly 3 days 
shorter LOH compared to OPD, which potentially may 
contribute to enhanced functional recovery. Oncologically 
outcomes such as R0 resection rate and lymph node harvest 
rate are comparable between RPD and OPD (60,83-86). 
In several studies, RPD is associated with a higher number 
of harvested lymph nodes in experienced hands (60,83-85). 
RCTs focusing on the surgical and oncological outcomes of 
RPD as compared to OPD are needed and expected. 

Question 10: What is the learning curve of RPD?

More than 50 consecutive cases are needed to surpass the 

https://doi.org/10.1186/ISRCTN27483786
https://doi.org/10.1186/ISRCTN27483786
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RPD safety proficiency learning curve.
Level of evidence: low. Grade 2C. Weak recommendation 

(expert agreement 82.0%, audience agreement 80.0%).
Comments: the prior guideline study showed that 

80 RPD cases are needed to get comparable operative 
times to OPD and 120 RPD cases to achieve optimal 
estimated blood loss and comparable 90-day mortality (87).  
Recent studies showed that more than 40 RPD cases were 
needed to achieve comparable perioperative outcomes 
to benchmark outcomes in low-risk patients (71,72,88). 
Generally, operative time is the most commonly used 
variable to evaluate the learning curve, but still not 
considered very efficient. The European Consortium on 
Minimally Invasive Pancreatic Surgery reported that over 
60 RPD cases were needed for the safe implementation of 
RPD (89). However, the accurate definition of a proficiency 
learning curve in RPD is still lacking and should be defined 
in future studies.

Question 11: What is required to perform RPD with 
vascular resection and reconstruction?

Surgeons who have surpassed the RPD safety proficiency 
learning curve are potential to perform RPD with 
resection/reconstruction of portal vein/superior mesenteric 
vein (PV/SMV). 

Level of evidence: low. Grade 2C. Weak recommendation 
(expert agreement 84.0%, audience agreement 85.0%).

Comments: RPD with vascular resection, especially with 
the PV/SMV is safe and feasible for surgeons who have 
surpassed the RPD proficiency learning curve (4,90). RPD-
SMV/PV is associated with a longer operative time and a 
higher mean number of examined lymph nodes with the 
same rate of microscopic margin positivity (4). Compared 
to RPD alone, RPD with vascular resection showed 
comparable rates of pancreatic fistula, major morbidity, 
and mortality in selected patients (91). Additionally, it 
takes over 35 RPDs with vascular resection to achieve 
an improvement in surgical performance. In contrast to 
OPD with vascular resection, RPD with vascular resection 
showed no significant difference in 30-day morbidity and 
90-day mortality, and 3-year survival rates (61). 

Question 12: Is a robotic RAMPS safe and feasible for 
pancreatic cancer?

Robotic RAMPS is safe and feasible with comparable 
outcomes compared to open RAMPS. 

Level of evidence: low. Grade 2C. Weak recommendation 
(expert agreement 90.0%, audience agreement 87.0%).

Comments: robotic surgery is an efficient approach for a 
RAMPS procedure and can be performed safely by surgeons 
who have surpassed their RDP proficiency learning curve 
(92-94). A robotic RAMPS procedure can be applied 
routinely and provides comparable DFS and OS compared 
to an open RAMPS (6,95). The proficiency learning curve of 
a robotic RAMPS can be achieved after 65 procedures (96).  
RCTs are lacking but needed to compared outcomes 
between the robotic and laparoscopic approaches.

Question 13: What are the indications for a robotic 
parenchyma-sparing procedure?

Robotic pancreatic enucleation can be applied efficiently in 
superficial benign tumors. 

Level of evidence: low. Grade 2C. Weak recommendation 
(expert agreement 87.0%, audience agreement 88.0%).

Comments: robotic pancreatic enucleation is technically 
safe and feasible for benign pancreatic tumors (8,97-99). 
Robotic pancreatic enucleation shows less conversion 
to open surgery compared to laparoscopic pancreatic 
enucleation with comparable short-term outcomes (100). 
Besides, robotic pancreatic enucleation is associated with 
less trauma, faster wound recovery, less intraoperative blood 
loss, shorter LOH, shorter operative time, less overall 
complications with no differences in long-term outcomes 
(101-104). RCTs are lacking.

Question 14: How to assess the cost-effectiveness of RPS?

Ergonomic factors, social factors, and personal factors such 
as the LOH should be evaluated instead of only focusing on 
the expense caused by surgery. 

Level of evidence: low. Grade 2C. Weak recommendation 
(expert agreement 91.0%, audience agreement 93.0%).

Comments: in a previous study, RDP showed similar 
short-term outcomes but no cost-effectiveness compared to  
LDP (105). Other studies indicated that RDP had similar 
cost-effectiveness and favorable short-term outcomes 
compared to LDP (106,107). Recent studies showed that 
RDP was cost-effective, taking into account the reduced LOH 
and faster functional recovery compared to ODP (108-111).  
In terms of overall costs and overall cost-effectiveness of 
RPS, the intraoperative cost is currently the only considered 
factor in the evaluation of the cost-effectiveness, however, 
other important factors such as social factors and personal 
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factors should also be considered (112,113). 

Question 15: Should staple versus another type of closure 
be used for stump closure in RDP?

Both stapler and non-stapler closure can be used in RDP 
(expert agreement 92.0%, audience agreement 89.0%).

Comments: during a DP, both staplers, as well as non-
stapler closure, are used for pancreatic stump closure and 
no differences were observed between both methods in 
previous studies (114,115). In RDP, stapler and non-stapler 
closure are both technically safe and feasible (116,117). 
A recent study demonstrated that RDP with a reinforced 
stapler could potentially lead to reduced POPF rates (118). 
RCTs are lacking in this field.

Question 16: How to repair a main pancreatic duct (MPD) 
injury during robotic pancreatic enucleation?

The salvage pancreatectomy or pancreatic-enterostomy 
combined with an exemption should be applied for the 
injured MPD mainly caused by surgical trauma (expert 
agreement 86.0%, audience agreement 84.0%).

Comments: during pancreatic surgery, especially in 
pancreatic enucleation for a deep neoplasm, the MPD 
is considered to be at risk for injury (119,120). A salvage 
pancreatectomy or pancreatic-enterostomy combined with 
an exemption should be considered for a MPD injury caused 
by surgical trauma (121,122). In addition, it is considered to 
be safe to adequately drain the area of damage and suture 
the site of damage because large vessels are isolated from 
contact with the pancreatic juice. Surgeons should consider 
the preoperative surgical approach to reduce the potential 
risk of POPF caused by MPD injury.

Question 17: Which pancreatico-intestinal anastomosis 
should be used in RPD?

PJ or pancreaticogastrostomy (PG) are feasible to be applied 
by robot (expert agreement 87.0%, audience agreement 
88.0%).

Comments: the unique advantages of the robotic 
surgical system, such as the 3D field of vision, can provide 
great benefits for pancreatic anastomosis (123). Various 
techniques could be used for pancreatoenterostomy 
anastomosis in RPD, and consistent with OPD, the most 
common pancreatic reconstruction method in RPD is a 
PJ anastomosis (8). POPF after pancreatic reconstruction 

remains a serious concern for surgeons (124,125). In a 
propensity score matched study comparing RPD and OPD 
with a modified Blumgart PJ anastomosis, Wang et al. (124)  
found no significant difference in the incidence of clinically 
relevant POPF (CR-POPF) between both groups. 
Menonna et al. indicated that the modification of the 
Blumgart PJ anastomosis is feasible in RPD. Additionally, 
PG anastomosis is also a common choice in pancreatic 
anastomosis. Although Giulianotti et al. (126,127) reported 
that the end-to-side PJ anastomosis could be performed 
if the MPD was more than 3 mm, and when the MPD 
was less than three mm, the POPF rate was high after PJ 
anastomosis, so a PG reconstruction was recommended. 
To date, there is no clear recommendation on the standard 
technique for pancreatic anastomosis, and no reliable 
evidence to support the use of PJ over PG (128). RCTs are 
lacking in this field.

Recently, various new methods of pancreatic anastomosis 
have been explored and showed good clinical results 
(129,130). Liu et al. (130) demonstrated that a single-layer 
pancreatojejunostomy is not inferior to a modified Blumgart 
anastomosis in RPD. Kiguchi et al. (131) proved that a 
novel wrapping double-mattress anastomosis in minimally 
invasive pancreaticoduodenectomy (MIPD) significantly 
reduced the POPF rate. Accordingly, the choice of a 
pancreatic anastomosis method is based on surgeons’ 
expertise and their discretion (132).

Question 18: What are the conversion rates of RPS to open 
surgery?

The conversion rate from a robotic procedure to open 
surgery is lower than the conversion rate from the 
laparoscopic approach to open surgery (expert agreement 
96.0%, audience agreement 94.0%).

Comments: robotic surgical systems can increase the 
range of motion and reduce hand tremors (131) and may 
overcome some limitations of laparoscopic systems, such 
as the fulcrum effect caused by laparoscopic instruments. 
Most studies have concluded that the robotic approach has 
a lower conversion rate than the laparoscopic approach 
after completion of the learning curve (21,133-138). The 
Pittsburg group reported a steep decline in conversion 
rate after 20 RPD procedures (35% vs. 3.3%) (87).  
de Rooij et al. (136) showed that the conversion rate of 
RDP was 38% during the early phase of the learning curve, 
and decreased to 8% after the implementation of a training 
program. A systematic review and meta-analysis including 
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3,462 patients (1,025 robotic and 2,437 laparoscopic) 
demonstrated that RPD was associated with significantly 
lower conversion rates compared to LPD (135). Nassour  
et al. (134) compared the data of 235 patients who 
underwent LPD and 193 patients who underwent RPD and 
found RPD was associated with a lower conversion rate.

A systematic review and meta-analysis comparing the 
perioperative outcomes of RDP and LDP indicated that 
RDP reduces conversion rates without increasing operative 
time (21). In addition, Kamarajah et al. (138) analyzed  
21 randomized studies including 3,112 patients (793 robotic 
and 2,319 laparoscopic) and showed that RDP was associated 
with significantly lower conversion rates compared to LDP. 

Since converted patients have higher complication 
rates and worse oncological outcomes (139,140), the low 
conversion rate for the robotic approach may lead to faster 
recovery and permit earlier treatment with adjuvant therapy 
in patients with malignancies (135). Thus, careful selection 
of appropriate patients is essential when considering a 
robotic approach, and surgeons in their early learning 
curves of robotic surgery should be cautious, especially in 
patients at high risk for conversion (133).

Question 19: Can RPS be performed after neoadjuvant 
therapy (NAT)?

Robotic pancreatic resections are possible in patients who 
received neoadjuvant medical treatments (expert agreement 
88.0%, audience agreement 91.0%).

Comments: in recent years, NAT has become a standard 
preoperative program for patients with borderline resectable 
and locally advanced pancreatic cancer due to its advantages 
in increasing R0 resection rate, screening patients with 
good response to adjuvant therapy, and improvements in 
prognosis (141,142). A recent study comparing the safety 
and oncological efficacy of RPD and OPD after neoadjuvant 
chemotherapy in pancreatic cancer found that after 
neoadjuvant chemotherapy, RPD is associated with similar 
mortality and a shorter length of stay, a higher proportion of 
adequate lymphadenectomy and a higher receipt of adjuvant 
chemotherapy (63). In another study, which compared 
robotic with ODP with celiac axis resection (DP-CAR)  
for locally advanced pancreatic body tumors, 27 of  
28 pancreatic adenocarcinoma patients received neoadjuvant 
chemotherapy. The results showed that RDP-CAR was 
associated with a decreased operative time (316 vs. 476 min),  
reduced estimated blood loss (393 vs. 1,736 mL), and lower 
rates of blood transfusion (0% vs. 54%) (all P<0.05). Both 

approaches had high R0 resection rates (82% vs. 79%) with 
a median survival approaching 3 years (143). Krell et al. (144)  
used the data of the 2014–2018 American College of 
Surgeons National Surgical Quality Improvement Project 
(ACS-NSQIP) to evaluate NAT use for PDAC patients 
undergoing pancreatectomy and found that patients 
who received NAT were more likely to undergo vascular 
resections. AlMasri et al. (145) demonstrated that in high-
volume centers, the robotic approach can be safely used 
in selected cases of technically challenging borderline-
resectable pancreatic head cancers after neoadjuvant 
chemotherapy. Furthermore, NAT may be associated with a 
significant reduction in the rate of CR-POPF, which needs 
to be further validated in future prospective RCTs (144,146). 
RCTs are lacking in this field.

Conclusions

Above all, RPS is considered to be truly safe and feasible 
when performed by experienced hands in high-volume 
centers. Additionally, RPS may results in less blood loss 
and shorter LOH although RCTs are currently lacking. 
Besides, the long-term outcomes are not enough for the 
comprehensive evaluation up to date leading to oncological 
assessments being not prudent until now. Hence, the 
systematic evaluation for the RPS is expected to be 
continued in future. 

For the implementation of RPS, knowledge on the 
learning curve and required hospital volume are essential. 
Further, the standard evaluation of RPS combined with 
the ergonomic factors, social factors and the quality of 
operation is suggested to be improved for the extensive 
evaluation of pancreatic surgery. High-quality studies, 
especially multicenter RCTs are crucial to determine the 
added value of RPS.
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