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& Objective: To establish the first consensus guidelines on the safety and
< indications of robotics in Hepato-Pancreatic-Biliary (HPB) surgery. The
;@. secondary aim was to identify priorities for future research.

2 Background: HPB robotic surgery is reaching the IDEAL 2b exploration
% phase for innovative technology. An objective assessment endorsed by
gthe HPB community is timely and needed.

% Methods: The ROBOT4HPB conference developed consensus guidelines
Z using the Zurich-Danish model. An impartial and multidisciplinary jury
2 produced unbiased guidelines based on the work of 10 expert panels
Eﬂ answering predefined key questions and considering the best-quality
evidence retrieved after a systematic review. The recommendations
conformed with the GRADE and SIGN50 methodologies.
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Results: Sixty-four experts from 20 countries considered 285 studies, and
the conference included an audience of 220 attendees. The jury (n=10)
produced recommendations or statements covering 5 sections of robotic
HPB surgery: technology, training and expertise, outcome assessment,
and liver and pancreatic procedures. The recommendations supported
the feasibility of robotics for most HPB procedures and its potential
value in extending minimally invasive indications, emphasizing, however,
the importance of expertise to ensure safety. The concept of expertise was
defined broadly, encompassing requirements for credentialing HPB
robotics at a given center. The jury prioritized relevant questions for
future trials and emphasized the need for prospective registries, including
validated outcome metrics for the forthcoming assessment of HPB
robotics.

Conclusions: The ROBOT4HPB consensus represents a collaborative and
multidisciplinary initiative, defining state-of-the-art expertise in HPB
robotics procedures. It produced the first guidelines to encourage their
safe use and promotion.

Keywords: robotic surgery, minimally invasive surgery, HPB surgery, con-
sensus, guidelines, Zurich-Danish model, hepatectomy, pancreatectomy
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linically introduced in the late '90s to support cardiac

surgery, !~ robot-assisted surgery was primarily adopted by
urologists to alleviate the challenges associated with technically
demanding minimal-invasive prostatectomies. Since then, the
robotic approach has spread to most surgical fields, including
abdominal surgery.®~19 Its unique and appealing features include
enhanced dexterity, tremor compensation, motion scaling, three-
dimensional imaging, and adjustable magnifications. While the
number of available robotic platforms has recently boomed in a
highly sought-after and profitable market, the DaVinci system
(Intuitive Surgical) remains dominant, with over 7500 platforms
accessible in 70 countries and more than 11 million procedures
performed to date.!! This success has arguably been based on the
accumulation of evidence of its safety in a competitive health
care environment, with potential advantages over both laparo-
scopic and open approaches. It is widely believed that robotics
and its related technological developments will eventually be an
irreversible surgical revolution.

Laparoscopic Hepato-Pancreatic-Biliary (HPB) surgery
has achieved successful and widespread adoption, particularly
for liver procedures and distal pancreatectomies.!> 14 Tts dif-
fusion has been slowed down in the setting of advanced HPB
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procedures needing a high level of expertise.!>"'® While only a
few groups have successfully adopted laparoscopy for proce-
dures requiring complex reconstructions, robotics has helped
defeat many surgeons’ skepticism regarding minimally invasive
HPB surgery in this setting. Studies demonstrating feasibility
compared to other approaches, or even advantages, have
2 attracted increasing interest. 19-23 The spread of robotic HPB
& surgery is progressing according to the IDEAL framework for
% the development of surgical innovations reaching stage 2b, ie,
- exploration phase.?*2° As has been the case for other specialties
adopting robotic technology, its safe diffusion and credentialing
Z have primarily been industry-driven,?’ although not necessarily
S tailored to HPB essential requirements.”® In addition, assump-
 tions about cost-effectiveness have greatly influenced its avail-
ability and promotion in many health care systems. Thus, an
ndependent and industry-free assessment of robotic HPB sur-
gery has become necessary and timely.
Endorsed by all major HPB societies, the ROBOT4HPB
consensus initiative has sought to generate unbiased recom-
mendations by an independent multidisciplinary jury lacking any
connections with robotic surgery or related businesses. For this
’ purpose, the Zurich-Danish model?® was chosen to assess the
current status of robotic HBP surgery regarding its safety, fea-
sibility, or benefits as it applies to its introduction in a hospital
and for HPB indications. In addition, the initiative identifies
areas that require attention in research and innovation.

METHODS
The Zurich-Danish Model

The process of developing the guidelines adheres to the
evidence-based Zurich-Danish model.!22°32  This 3-phase
model, led by a local organizing committee (LOC), encompassed
S preparation, conference meetings, and deliberations to reach
- recommendations according to GRADE (Fig. 1 and Supple-
Zmental Table 1, Supplemental Digital Content 1, http:/links.
= lww.com/SLA/FIZS). The principle of this approach is the clear
distinction between the experts tasked with providing evidence,
the audience participating in challenging expert opinions, and
the jury responsible for formulating the final guidelines.
The preparation step was initiated in December 2021,
with the LOC taking the lead in selecting ten topics and
assembling a team of experts, including the panel chairs and
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jury members. The primary objective of the expert panels was
to address their respective questions based on a comprehensive
literature review. The conference meeting was held publicly in
Paris on December 7 and 8, 2023. Each panel chair delivered a
20-minute presentation with statements that directly addressed
the questions and proposed a draft recommendation for each.
The jury initiated the first round of questions, followed by
inquiries from the audience. The jury could solicit the extent of
the audience’s opinion through an anonymous online voting
system. Following public discussions, the jury could summon
Panel chairs after daily sessions for any necessary clarifications.
The jury deliberated in a closed session immediately after the
conference on December 9. The final formulation of guidelines,
including determining the strength and level of evidence rat-
ings, solely fell under the jury’s responsibility (Supplemental
Table 1, Supglemental Digital Content 1, http://links.lww.com/
SLA/F125).3

Expert and Jury Recruitment

The experts were international leaders in robotic HPB
surgery, selected based on their academic skills and clinical
expertise. Criteria for recruitment included (1) senior authorship
in relevant publications, (2) invitations extended through other
recruited experts, and (3) a call for participation from patient
and scientific organizations.

The Jury selection reflected the perspective of all key
stakeholders, including nonrobotic HPB surgeons, hepatologists,
epidemiologists, oncologists, nurses, and patient representatives,
while maintaining sex and geographical balance (Supplemental
Table 1, Supplemental Digital Content 1, http://links.lww.com/
SLA/F125). Due to the partially highly technical nature of the
key questions and topics addressed, the jury had to include
members with significant expertise in HPB surgery and an
understanding of surgical innovations and minimally invasive
technologies. Members of the jury were also chosen based on
their interest and experience in assessing clinical care in the
setting of a consensus conference. They could not have biases or
disclosures in favor of or against robotic surgery nor be involved
in robotic-related research.

Key Questions and Panels

The LOC assigned each panel of experts 4 to 6 questions
using the PICO framework®® (Supplemental Table 2, Supple-
mental Digital Content 1, http:/links.lww.com/SLA/F125). The
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questions were submitted for review among experts and the jury

before the conference. Every expert was required to disclose any

potential conflicts of interest. Candidates for panel chairs were

excluded if they were actively serving as proctors for any robotic

companies. Panels were organized as follows: panels 1 to 3

covered general topics in HPB robotic surgery, panels 4 to 7
¢ focused on key questions related to liver robotic surgery, and
& panels 8 to 10 focused on key questions related to pancreatic
@ robotic surgery.

Systematic Literature Review and Quality Evidence

Fourteen board-certified surgeons, including HPB or
S transplantation fellows, searched for the best available evidence

' addressing each question following the SIGN350 methodology™®
under PROSPERO (ID: CRD42023383949) covering Embase,
Medline and Cochrane databases from January 2016 to Decem-
ber 2022. The search included randomized trials, observational
cohort studies, meta-analyses, and systematic reviews involving at
>least 10 patients undergoing robotic HPB surgery (excluding
routine cholecystectomy procedures). The selected studies were
published in English and available in full text. The supplemental
- methods provide details about the search process, Supplemental
Digital Content 1, http://links.lww.com/SLA/F125.

The quality assessment of the studies (double evaluation and
blinded) was conducted using SIGN50 workflow and checklists.
Each study was categorized as low, acceptable, and high-quality
methodologies based on SIGNS50 methodology checklists.?
Observational studies of low quality were considered only if no

studies of better quality were available regarding a specific topic.

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram illustrating the study selection process is
displayed in Figure 2. The search was revised until July 2023, and
the experts were provided with a summary database.
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> Quality of Evidence and Strength of Guidelines

The level of evidence for each recommendation or state-
xment was evaluated using the GRADE system, based on the
study design, risk of bias (ie, SIGN50 methodological assess-
ment), precision, consistency, directness, publication bias, and
magnitude of effect’>3% (Supplemental Table 3, Supplemental
Digital Content 1, http:/links.lww.com/SLA/F125).

Guidelines were categorized as STRONG or CONDI-
TIONAL (ie, weak).3%3 This determination was based on var-
ious factors: certainty of the evidence, magnitude of the effect,
consideration of resource use, feasibility, acceptability, equity,
values, and preferences.?>-*7 Strong recommendations were per-
mitted occasionally with low levels of evidence when dealing
with low-quality evidence but indicating possible benefits in life-
threatening situations and prioritizing patient safety (Supple-
mental Table 3, Supplemental Digital Content 1, http://links.
Iww.com/SLA/F125).

RECOMMENDATIONS

Overall Search and Participants

Sixty-four experts from 20 countries considered 285
studies reporting on robotic HPB surgery [pancreatectomy: 151
(53.0%), hepatectomy: 107 (37.5%), mixed HPB procedures: 11
(3.9%), living donor liver transplantation: 10 (3.5%), biliary
procedures: 6 (2.1%) (Supplemental Figure 1, Supplemental
Digital Content 1, http://links.lww.com/SLA/F125 and Supple-
mental Table 4, Supplemental Digital Content 1, http://links.
lww.com/SLA/F125)]. Most of these studies were observational
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studies (n=172, 60.4%) and mostly considered of low quality
(n=135, 47.7%). Most studies (n=233, 81.8%) reported on
postoperative complications, while 58 (20.4%) and 30 (10.5%)
other studies assessed longer-term follow-up and cost evaluation,
respectively.

The audience at the conference consisted of 220 attendees:
51 (55.4%) from Europe, 18 (19.6%) from North America, 15
(16.3%) from Asia, 8 (8.7%) from South America, Africa, and
Oceania. More than half (54.8%) considered themselves to have
advanced robotic experience, with 71 (76.3%) and 58 (63%)
having performed robotic liver and pancreatic procedures,
respectively. Thirty-three (35.9%) attendees were trainees in HPB
surgery. All contributors to the ROBOT4HPB Consensus Group
are listed in Supplemental Table 5, Supplemental Digital Con-
tent 1, http:/links.lww.com/SLA/F125.

The jury included 10 members,
mendations are presented in Table 1.

and their recom-

Panel 1. Robotic Technology

The Da Vinci platform (Intuitive Surgical) has been in
clinical use for over 20 years and still represents the currently
only available technology with reported clinical data in HPB
surgery.*? Various other surgical systems are about to emerge, of
which some have already obtained marketing authorization for
non-HPB procedures. Some of these offer a wide range of new
features that may affect the technical considerations for sur-
geons, enlarging indications and possibly altering outcomes.*!
Most are, however, still under development. The available
platforms are presented and compared in Table 2.

The conference recognized the revolutionary capacity of
the robotic approach in improving the minimally invasive
capabilities of surgeons, notably for intracorporeal suturing,
especially in the context of bilio-enteric anastomosis or vascular
reconstruction (Table 1, Section A, Statement 1), as shown in a
pooled ana %/s1s of 2 RCTs (LAEBOT3D2D and LAELAPS-
3D2D trial***3) in a biotissue model.** Laparoscopic as well as
robotic surgeons agreed that robots would likely shorten con-
ventional laparoscopic learning curves,** as it is offering new
methods for surgical training, such as video grading of pancre-
atic anastomoses.*® Altogether, it may promote the widespread
adoption of minimally invasive surgery for more complex HPB
procedures that are currently less widely performed with con-
ventional laparoscopy due to inherent technical limitations
requiring advanced skills (eg, pancreatoduodenectomy and
advanced liver resections).!%-47:48

Key factors such as cost, inter-specialty competition, and
industry-driven monopoly on credentialing are anticipated to
generate global disparities and limit access to the robotic plat-
form (Table 1, Section A, Statement 2).2” The jury acknowl-
edged the audience’s concerns about the potential detrimental
effects and medicolegal implications of approving an unequally
accessible technology based largely on a low level of evidence.
Thus, some guidelines were purposefully written as statements
rather than recommendations, allowing for more flexibility in
their application. While the conference emphasized situations
where robotics may be advantageous, no situation could be
recommended where robots should be unequivocally adopted
instead of an open or laparoscopic approach. As patient advo-
cates, surgeons must choose the technical approach for a given
patient based on training, expertise, accessibility, cost-effective-
ness, and patient-centered factors (Table 1, Section A, Recom-
mendation 3).4°

All parties agreed that no patient-centered factors repre-
sented an absolute contraindication to the robotic approach

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. The Preferred Reporting Items for Systematic reviews and Meta-Analyses flow diagram of the ROBOT4HPB systematic

review.

except for the intolerance to pneumoperitoneum (Table 1, Sec-
tion B, Recommendation 4). More specifically, nine studies
showed the feasibility of robotic HPB surgery in the context of
advanced age, 52 frailty,>® increased BMI, 53¢ visceral
obesity,”’ or metabolic syndrome®® (Table 1, Section B, Rec-
ommendation 5). However, there is a lack of data regarding
HPB robotics in patients with BMI > 35 kg/m?. Also, based on
re-do laparoscopic liver resection series,® ! it was postulated
that previous abdominal surgeries should not affect the
possibility of a robotic approach (Table 1, Section B,
Recommendation 6); in fact, both the audience and experts

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

further suggested that the robotic approach may be beneficial in
this situation, allowing for well-controlled and meticulous
adhesiolysis.

Panel 2: Training and Expertise in Robotic HPB
Surgery

The Concept of Expertise in Robotic HPB Surgery

The consensus underlines the critical role of expertise in
HPB surgery as the primary prerequisite for providing adequate
quality care in this exceedingly specialized domain.2® The experts
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TABLE 1. Final Jury Recommendations*

Section A. Robotic Technology in HPB Surgery
1. The robotic approach is advantageous for suturing during HPB
minimally invasive surgeries, especially for biliary-enteric
anastomoses or vascular reconstruction.
o Statement: Strong, [Level of Evidence: Moderate ]

2. The robotic approach is associated with higher procedural costs than
the conventional laparoscopic approach.
Statement: Strong, [Level of Evidence: Moderate]

3. Surgeons should decide on the most adequate surgical approach,
considering training, expertise, accessibility, cost-effectiveness, and
patient-specific factors.

5 Recommendation: Strongt, [Level of Evidence: Low]

s[eunol//:dny woly papeojumo

= Section B. Contraindications for Robotic HPB Surgery
4. The patient’s intolerance to the pneumoperitoneum should be
considered an absolute contraindication for the robotic approach.
Recommendation: Strongt, [Level of Evidence: Very Low]

5. The patient’s age or BMI should not be considered an absolute
contraindication for the robotic approach.
Recommendation: Conditional, [Level of Evidence: Low]

6. Previous abdominal surgery, including redo-hepatectomy, should not
be considered an absolute contraindication for the robotic approach.
Recommendation: Conditional, [Level of Evidence: Very Low]

Section C. Training and expertise in robotic HPB surgery

© Center requirements

7. A structured process, including a standardized training program,
should exist at a center level for credentialing, privileging, and
embarking surgeons on an HPB robotic program.

Recommendation: Strongf, [Level of Evidence: Low]
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8. The standardized robotic training program is necessary and should be
tailored to the procedure and the robotic surgical system and follow
stepwise proficiency-based curricula.

Recommendation: Strong, [Level of Evidence: Moderate]
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Surgeons’ requirements
. The 2-surgeon technique is beneficial until the learning curve is
achieved.
Statement: Strongt, [Level of Evidence: Very Low]

\© O

10. A surgeon should have open HPB expertise to embark on an HPB
robotic program.
Recommendation: Strongt, [Level of Evidence: Low]

© Conversion in robotic HPB surgery

11. Standardized urgent conversion protocols and training involving the
entire surgical team, including a simulation curriculum, should be
required for credentialing.

Recommendation: Strongt, [Level of Evidence: Low]

Section D. Outcome assessment for Robotic HPB surgery

12. Outcome reporting in robotic HPB surgery should include
standardized and validated metrics and adhere to published consensus
on assessing the quality of surgical interventions.

Recommendation: Strong, [Level of Evidence: Moderate]

13. A clear distinction between urgent conversion and nonurgent
conversion should be made and reported separately, along with the
overall conversion rate.

Recommendation: Strong, [Level of Evidence: Moderate]

Section E. Robotic Liver Surgery

© Minor Hepatectomy (< 3 segments)

14. Compared with open, robotic anatomic and nonanatomical minor
resections are associated with lower complication rates and shorter
hospital stays and should be considered an acceptable approach.

Recommendation: Conditional, [Level of Evidence: Low]
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TABLE 1. (Continued)

15. Compared with laparoscopy, robotic anatomical and non-anatomical
minor resections should be considered acceptable minimally
invasive alternatives.

Recommendation: Strong, [Level of Evidence: Moderate]

© Major Hepatectomy (>3 segments).

16. Compared with open, robotic major liver resection performed
with expertise should be considered an acceptable
approach.

Recommendation: Conditional, [Level of Evidence: Low]

17. Compared with laparoscopy, robotic major liver resection performed
with expertise is associated with a lower conversion rate, shorter
learning curve, and similar postoperative outcomes.

Statement: Conditional, [Level of Evidence: Low]

© Complex situations

18. Compared with open, robotic liver resection performed with expertise
in Child-Pugh A cirrhotic patients without clinically significant portal
hypertension is feasible.

Statement: Conditional, [Level of Evidence: Low]

19. Compared with laparoscopy, the robotic approach may offer
advantages in cases of liver resections involving radical portal
lymphadenectomy and/or biliary reconstruction.

Statement: Conditional, [Level of Evidence: Low]

22. Compared with laparoscopy, robotic liver resection may offer
advantages in advanced (as defined by laparoscopic difficulty scores)
minimally invasive liver procedures.

Statement: Conditional, [Level of evidence: Low]

21. The current laparoscopic difficulty scores offer valuable guidance
regarding patient selection and risk assessment.
Statement: Conditional, [Level of Evidence: Very Low]

© Robotic Donor Hepatectomy

22. Compared with open and laparoscopy, robotic donor hepatectomy
performed with expertise is feasible. Although associated with
prolonged operative times and warm ischemia, the robotic approach
does not negatively influence recipient outcomes.

Statement: Conditional, [Level of Evidence: Very Low]

23. Compared with laparoscopy, robotic donor hepatectomy performed
with expertise may offer more precision for hilum anatomic variation
and bile duct division.

Statement: Conditional, [Level of Evidence: Very Low]

Section F. Robotic Pancreatic Surgery

© Distal Pancreatectomy

24. Robotic distal pancreatectomy should be considered an acceptable
approach for patients with left-sided benign or premalignant
neoplasms.

Recommendation: Strong, [Level of Evidence: Moderate ]

25. Compared with laparoscopy, robotic distal pancreatectomy is
associated with a lower conversion and failure to preserve spleen
rates.

Statement: Conditional, [Level of Evidence: Low]

26. Robotic distal pancreatectomy performed with expertise should be
considered an acceptable approach for patients with resectable
pancreatic adenocarcinoma.

Recommendation: Conditional, [Level of Evidence: Low]

o Pancreatoduodenectomy

27. Compared with open, robotic pancreatoduodenectomy performed
with expertise and in selected patients is noninferior in terms of
perioperative outcomes.

Statement: Conditional, [Level of Evidence: Moderate ]

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. (Continued)

28. Robotic pancreatoduodenectomy performed with expertise should be
considered an acceptable approach for selected patients with right-
sided benign or premalignant neoplasms.

§Recommendation: Conditional, [Level of Evidence: Moderate]

29. Compared with laparoscopy, robotic pancreatoduodenectomy
performed with expertise may improve conversion and transfusion
rates.

Statement: Conditional, [Level of Evidence: Very Low]

30. Robotic pancreatoduodenectomy performed with expertise could be
considered an acceptable approach for selected patients with
resectable pancreatic ductal adenocarcinoma.

Recommendation: Conditional, [Level of Evidence: Moderate ]

© Robotic Enucleation

31. Compared with laparoscopy or open, robotic pancreatic enucleation
performed with expertise for superficial benign tumors should be
considered an acceptable approach.

Recommendation: Conditional, [Level of Evidence: Very Low]

*The recommendations and statements are based on clinical data from the Da
Vinci platform (Intuitive Surgical).

TStrong recommendations or statements, despite the presence of low or very
low levels of evidence, have been permitted in prioritizing patient safety.

and the jury unanimously agreed that the definition of expertise
in robotics should not be limited to the surgeon operating the
o console; it should integrate the entire surgical team with allied
2 health professionals in the operating theater. Furthermore, it
gshould encompass the overall proficiency of HPB surgery of the
& facility (eg, HPB high-volume centers), with the rate of “failure

#to rescue” as one of the critical endpoints in HPB surgery.% 6
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Credentialling for Robotic HPB Surgery

Credentialing for robotic HPB surgery was one of the key
= points of discussion during the conference. The experts under-
scored the lack of evidence at large when referring to cre-
dentialling in health care.’® The credentialing in robotics cur-
rently pertains almost exclusively to the industry’s jurisdiction,
with little or no involvement by local authority.2” This process is
not HPB-specific and lacks tracking of progression (eg, case
difficulty and long-term results). The jury recognized the need for
credentialing in HPB robotic surgeons; the latter should be a
systematic process certified at a center level (Table 1, Section C,
Recommendation 7) rather than by industry alone.

Training Program for HPB Robotic Surgery

The experts and the Jury were unanimous that a standardized
platform-specific, procedure-specific, and proficiency-specific train-
ing program®7 is required to achieve credentials before starting a
robotic HPB program (Table 1, Section C, Recommendation 8). As
illustrated in robotic pancreatoduodenectomy, evidence shows that
mentorship and proficiency-based curricula benefit newer gen-
erations (including HPB fellows) compared with first generations of
surgeons; they exhibit shorter learning curves and similar, if not
better, outcomes in robotics.®*% The Dutch Pancreatic Cancer
and the University of Pittsburgh Medical Center groups
have initiated”® 72 such training programs regarding robotic
pancreatoduodenectomy (ie, LEALAPS-373). They showed the
feasibility and efficacity of LEALAPS-3 multicentric implementa-
tion in real practice.*”-”? Derived from LEALAPS-3, LEARNBOT
(NTRS8898) is a European training program developed by the

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 2. Available Robotic Surgical Systems
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European Minimally Invasive Pancreatic Surgery (E-MIPS) group
and endorsed by the European-African Hepato-Pancreato-Biliary
Association (E-AHPBA), where Delphi consensus-based criteria
define eligibility for training and proctoring.”
As consensually also reported by other groups, such
 proficiency-based curricula should include stepwise tralnlng
2 S activities*’ %873 involving: (1) simulation/ virtual reality curricu-
g lum, (2) inanimate/biotissue curriculum, (3) video curriculum, (4)
& surgical curriculum, and (5) ongoing quality assurance. The
= surgical curriculum includes a stepwise implementation of clin-
S ical cases during which mentorship is encouraged to achieve
§ technical proficiency.®”-% Thus, mentors must have established
S S robotic expertlse often but not specifically tied to mdustry based
S proctorship services. 74 The jury underscored that in the interest
7 of patient safety, as in open and laparoscopic HPB surgery, there
=is no justification for self-taught surgeons=®; consequently,
S external mentorship is essential if none is available locally. Until
2 the learning curve is completed, both experts and the jury con-
5 curred that the 2- -surgeon robotic approach [1 at the console and
1 (at least a senior HPB resident) at the bedside] may be
S important to ensure patient safety*’ (Table 1, Section C,
< Statement 9).

75,76

rerequisites and Learning Curves for HPB Robotic
urgery
Before embarking on HPB robotics, all surgeons must have

£ expertise in open HPB surgery as it remains a standard and the
E'final fallback option in case of conversion (Table 1, Section C,
Z Recommendation 10). The need for conventional laparoscopic
S experience in HPB is debatable, with limited data suggesting that
& laparoscopic HPB experience is beneficial when starting robotic
Zliver resection.”’” Nevertheless, the laparoscopic skillset may
facilitate the robotic learning curve as minimally invasive
approaches differ from open ones. 4778 The jury concluded that
< while laparoscopic experience may be advantageous, it is not
£ mandatory when embarking on a robotic HPB training program.
= Gradual involvement of trainees lacking previous experience in

minimally invasive surgery seems feasible in large expert robotic

programs without negatively affecting outcomes.”

Eight studies, mostly about robotic pancreate-
ctomies,®”-08:73:80-83 and 1 in liver resections,* referred to robotic
learning curves, including cumulative sum (CUSUM) analyses.
The expert panel and jury did not endorse an absolute numeric
threshold of the number of procedures required to achieve
the learning curve, as these often lack validation and are

(%)
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heterogeneous.®® This conclusion acknowledges the substantial
variability impacted by generations of surgeons, the indicators
used for CUSUM analysis (eg, textbook outcome®?), variation in
health care systems, and the geographical distribution of
resources, including access to robotic platforms.*”-82:8¢ Strict
numeric thresholds may result in misapplication, impeding this
technology’s advancement.

Conversion in HPB Robotic Surgery

Robotic conversion to open surgery is an important meas-
urable indicator in the CUSUM analysis of learning curves.
Despite this, the jury questioned its imprecise use, given the lack of
a clear distinction between urgent (ie, for intraoperative bleeding)
versus nonurgent (ie, for technical reasons or oncologic inad-
equacy) conversion and the outcomes associated with each.
Robotics is consistently associated with a lower conversion rate
than laparoscopy. However, studies suggest that robotically con-
verted patients may exhibit (when compared with laparoscopic
converted patients) poorer 8post0perat1ve outcomes (4 studies
report on robotic conversion®’%). More so than in laparoscopic
surgery, such urgent robotic conversions may represent a logistical
challenge that could impact its performance (deciding to convert
and then actually converting). The jury strongly endorses con-
verting without hesitation in critical situations to ensure safety. In
this context, the jury reemphasized the importance of surgeons’
expertise in open HPB procedures as a prerequisite for HPB
robotic credentialing (Table 1, Section C, Recommendation 10).

Urgent conversion in robotic surgery is likely needed in the
scenario of uncontrolled bleeding when a major vasculature is
injured, which is more or less associated with a risk of gas
embolism and prolonged clamping/ischemic duration. While
uncontrolled bleeding can result from any step in robotic pan-
creatic and liver surgery, several technical steps at higher risk have
been identified by the experts and the Jury in Table 3. In contrast
to laparoscopy, the challenge lies in the timing required to safely
undock and remove the robotic platform before starting the con-
version, while the first surgeon has limited direct access to ensure
laparoscopic or open hemostatic maneuvers. This scenario,
therefore, requires the anticipated, coordinated, and timely efforts
of the entire surgical team. It cannot be improvised and neces-
sitates regular training. Controversially, surgical teams are less
exposed to conversion in robotics (compared with laparoscopy); it
exposes them to a lack of experience in this setting while they
progress through the learning curve and case difficulties. The jury
stressed the need for granular, standardized, and team-based

TABLE 3. Robotic Surgical Steps to be at High Risk of Uncontrolled Bleeding and Urgent Conversion to Laparotomy Protocols

High-risk technical steps during liver procedures:

Intrafacial hilum dissection, especially above the portal bifurcation and with

peri-hilar tumor invasion.
Dissection of the hepatic vein confluence.

Parenchymal transection (eg, end of major hepatectomies) near the inferior vena

cava and hepatic veins.
Liver mobilization in cases of large bulky tumors.
Vascular reconstructions.

Requirements for urgent conversion protocols:

High-risk technical steps during pancreatic procedures:
Dissection/reconstruction of the superior mesenteric/portal venous
axis.
Splenic vessels dissection.
Transection of the pancreas.
Resection of the retroportal pancreatic lamina.
Arterial dissection/reconstruction such as superior mesenteric
artery or coeliac axis.
Division of arcuate ligament for stenosis of coeliac axis.

Conversion protocols should be elaborated at the center level, adjusted to local practices, and included in the center’s structured credentialing process

(Table 1, Section C, Recommendations 7, 8, and 11).

The entire surgical team must be engaged in conversion protocols with predefined and standardized roles.
The instruments required for conversion should be standardized and available in the operative room.

The preoperative checklist should include preparing conversion necessities.

After each urgent conversion, the entire team should be debriefed to identify potential flaws and improve practice.
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robotic urgent conversion protocols with training (including sim-
ulation-based) to be mandatory in a center’s program require-
ments (Table 1, Section C, Recommendation 11). They also
encourage us to take advantage of nonurgent routine conversions
as real-life drills for urgent conversions. Table 3 emphasizes
requirements regarding urgent conversion protocols.

Panel 3: Outcome Assessment in Robotic HPB
Surgery
Open and laparoscopic approaches were considered val-
uable comparators to robotic; however, the jury acknowledged
hat at this time, the open approach must remain the gold
standard in HPB surgery, especially regarding patient safety and
oncological adequacy.

The use of standardized and validated metrics under
recently published consensus recommendations for assessing out-
comes of surgical interventions’ was strongly supported, as well
as the use of definitions of liver-specific and pancreatic-specific
> complications endorsed by HPB societies” 3 (Table 1, Section D,
> Recommendation 12). The evidence regarding HPB robotlcs
mostly reports on early postoperative complications during the 30

or 90-day postoperative period. Long-term follow-up reporting,
specifically for oncological endpoints, must improve. Patient-
centered outcomes were identified as an unmet requirement in
dssessing robotic HPB surgery, especially when cost-effectiveness
is considered. Benchmarking observational studies are available
for robotic distal pancreatectomy only 4 The reporting of
patients’ risk assessment in robotic series was often low, exposing
o likely biases related to patient population selection and hetero-
geneity, especially when compared with open. For these reasons,
all parties agreed that, at this stage caution is needed in inter-
preting favorable robotlcs results.2>9397

In their assessment, the Jury considered a set of critical

outcomes®® aligning with the recommendations for assessing
outcomes of surgical interventions®> and the optimal length of
Ipostoperatlve follow-up to establish credible outcomes data:
b 3 months for liver resection®®? and 6 months after pancreatic
< resection.’>1% The recommended metrics for morbidity and
mortality included the Clavien-Dindo (CD) classification, 0!
Comprehensive Complication Index (CCI),'%? failure to
rescue, 103 comparison with “benchmark” values,!® and surgical
margins as well as lymph node retrieval adequacy rates in
oncological contexts. Long-term results should include Disease-
Free Survival (DFS) and overall survival (OS) when applicable.

The measurement of intraoperative blood loss has been
subject to inconsistencies, inherent reported variations, and
unclear clinically relevant effect sizes.!0%106 Likewise, the
ambiguity of the overall conversion rate as an outcome indicator
should rely on more precise definitions of urgent or nonurgent
conversions, as previously stated!97:198 (Table 1, Section D,
Recommendation 13). Finally, the jury conceded that the length
of stay was a versatile criterion needing cautious interpretation
considering local practices and various socioeconomic parame-
ters. Consequently, the jury considered these parameters as
important outcomes but not critical®® when evaluating robotic
value despite the fact they are currently the main measurable
advantages allocated to robotics in the literature.

Robotics has notoriously been associated with greater
procedural costs than the open or laparoscopic approach in almost
all published reports [4 systematic reviews/meta-analyses!%-112
and observational studies! 3116 and 1 RCT in pancreatic surgery
(EUROPA trial)'!7]. Experts contextualized these expenditures
by predicting the possible rapid devolution of expenses related
to emerging multiple robotic technologies and market

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

competitiveness.3¢ The substantial expenditures on cancer medi-
cines were also considered a reference in any comparative cost
evaluation of oncological robotic technologies.!'® As a result, the
cost-effectiveness of robotic surgery was regarded as a premature
outcome at this stage and felt to be outside the scope of these
guidelines with the understanding that robotics has the potential to
increase the use of HPB minimally invasive surgery and improve
patient outcomes (Table 1, Section A, Statements 2).

Panels 4 to 7: Indications and Impact of Robotic Liver
Resection

For liver procedures, the robotic approach was initially
compared with the open route, with a specific emphasis on its
oncological adequacy for hepatocellular carcinoma and color-
ectal metastasis. Subsequently, the potential advantages of the
robotic approach over laparoscopic liver resections were inves-
tigated. Finally, specific challenging clinical scenarios and tech-
nical considerations were discussed.

Robotic Liver Resection Versus Open Approach

Randomized controlled trials supporting minimally inva-
sive liver resection compared with the open route are scarce and
have exclusivel enrolled laparoscopic patients without robotic
procedures.! 12! For hepatocellular carcinoma (HCC), There
are 3 propensity-matched studies, 1nclud1n% mostly Barcelona
Clinic Liver Cancer Stage 0-A patients.2122123 They overall
included 412 robotic HCC patients and reported RO rates > 98%,
3 years DFS (in 2 studies) >60%, and 3 years OS >75%. One
propensity-matched study!?* includes 309 robotic patients with
large HCCs (>5 cm)'?* (no data on margins, 3 years DFS and
0S=33% and 62%). These studies overall support the safety
(regarding short-term outcomes and oncological endpoints) of the
robotic technique versus the open route for HCC. All report low
morbidity in the robotic arms (in all studies;?3122-124 CD > 2
complications rates <6%). One?® reports a decreased risk of
postoperative liver failure (ISGLS grade B: 0 vs 12%; P=0.001).
None provide proper adjustment regarding liver functional reserve
or parenchymal changes, except the Child-Pugh score, which is
acknowledged to lack granularity in this setting.'>> The pro-
portion of patients (inconsistently re 2ported) with histologically
verified cirrhosis varied from 26%!'% to 64%.'%* One series'?®
focused explicitly on margin adequacy and reports improved OS
with >1 cm margins!?® (n=58 robotic HCCs, median tumor
size=4 cm, margins > I mm = 81%, margins > 1 cm = 38%).

For colorectal liver metastases, 3 small-sized multicentric
studies showed the safety of robotics over other approaches; 1
mainly includes patients with <2 tumors,'?” and 2 are based on
a cohort of patients within “Milan criteria”.!?8122 Another series
reports satisfactory negative margin rates using robotics.!3
Beane et al trial'3! randomized 171 (robotic vs open) patients
having simultaneous resection of rectal cancer and liver meta-
stasis (<5 tumors, <10 cm), and the primary endpoint was 30-
day complication rate. It shows the superiority of the robotic
approach with respect to complications (30-day complication
rate: 31.4 vs 57.6%, P=0.014 with 100% of RO in the liver).

Compared with the open route, the minimal-invasive
advantages repeatedly observed with laparoscopy seemed to be
maintained, if not improved, with the robotic platform. There-
fore, robotic surgery appears to be a valuable alternative to open
surgery for minor (<2 segments) (Table 1, Section E, Recom-
mendation 14) and major (>3 segments) (Table 1, Section E,
Recommendation 16) liver resection in selected cases.!?2 An
example of this benefit is illustrated by the reported reduced risk
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of liver decompensation,2?® as recognized with laparoscopy,!3

compared with the open technique (Table 1, Section E, State-
ment 18). Satisfactory results have been reported in Child-Pugh
B HCC patients*> (n=11 robotic Child-Pugh B HCC patients).

Robotic Liver Resection Versus Laparoscopic Approach
Significant evidence regarding the feasibility and safety of
& robotic liver surgery comes from studies comparing it to lapa-
-roscopy (and not to open route), leading to a new paradigm
reference standard in liver surgery.!213.134.135
Indeed, the first RCT on robotic hepatectomy is the
< ROC’N’ROLL trial'35, which compares robotic versus laparoscopic
hepatectomy It is a smgle-center trial enrolling surgeons with
expertise in minimally invasive hepatectomies. It randomized 81
patlents undergoing hepatectomy for confirmed or suspected
malignancy. The trial included 20% major resections and 60% of
cases had an IWATE score > 6 points. Of note, stratification was
> based on preoperative etiology (primary versus secondary tumors)
and difficulty IWATE score > 6), but not on the extent of resection.
The primary endpoint was 90-day quality of life, assessed using the
- role functioning scale of the European Organisation for Research
and Treatment of Cancer QLQ-C30 questionnaire. Robotic patients
experienced a similar mean drop of quality of life from baseline
according to the QLQ-C30 (—9.0 versus —9.4; p=0.547) Compdred
to laparoscopic patients. Secondary endpoint analysis showed sim-
ilar CCI scores (8.9 versus 15.5, p = 0.137), 90-day mortality rates
(3% vs. 5%; p<0.99), and RO resection margins (> 98%;p < 0.99).
© However, the authors reported a decreased risk of CD >2 compli-
cations in the robotic arm (OR of 0.24 [95% CI, 0.07-0.84]).
The International Robotic and Laparoscopic Liver Resection
Study Group Investigators conducted 9 propensity score-matched
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E studies (ie, robotic vs laparoscopy) covering the whole spectrum
&= of laparoscopic liver procedures:! these included left
N 137 138 :
5 lateral sectionectomies, >’ antero-lateral-*® and postero-superior
¥ Z resections!?140 and major hepatectomies!*! (including specific
reports on left!*? and right!® and central hepatectomies'*3). All these

studies consistently established the feasibility of robotics and its
advantages over laparoscopy in reducing blood loss, conversion
rate, and learning curve without translation on patient postoperative
outcomes (Table 1, Section E, Recommendation 15 and Statement
17). While there are no benchmark values, reported rates of con-
version, severe morbidity, and 90-day mortality were 5.3%, 7.7%,
and 1.5% for robotic major resections!*! (n= 892, 56% of primary
liver tumors and 25% of cirrhosis) and 2.2%, 6.1%, 0.2% for robotic
postero-lateral segment resections!#? (n =461, 54% of primary liver
tumors and 31% of cirrhosis). These studies originate from a large,
single, unique multicenter registry capturing the top-level of current
expertise in robotic and laparoscopic surgery, perhaps limiting
broad generalizability. One large propensity-matched study (robotic
vs laparoscopy) from the International Consortium on Minimally
Invasive Liver Surgery,'* including a heterogenous population with
various liver procedures, shows an improved rate of textbook out-
comes associated with robotic patients!** (1507 robotic patients,
textbook outcome after matching =78.3% vs 71.8%, P <0.001).
Experts and Jury agreed that the robot may offer benefits
over laparoscopy by shortening the surgeon’s learning curve and
offering improved dissemination of minimally invasive liver
surgery. However, whether the technology may offer valuable
advantages (for the patients or the surgeons) even in the hands of
expert laparoscopic liver surgeons is still to be determined.!3?
Nevertheless, specific circumstances, such as vascular/biliary
reconstruction (Table 1, Section E, Statement 19) and advanced
(as defined by laparoscopy-based difficulty scores!36:145:146)
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minimally invasive liver procedures (Table 1, Section E, State-
ment 20), may be specifically suitable for robotic surgery.

Challenging Minimally Invasive Indications of Liver
Resection

Two challenging clinical situations were specifically dis-
cussed because they are frequently qualified as “ideal indica-
tions” for the robotic approach: peri-hilar cholangiocarcinoma
and live donor hepatectomy. While robotics is thought to pro-
vide technical advantages for hepatic hilum dissection and bilio-
enteric reconstruction, only 4 small series cumulating 100 highly
selected patients from expert centers provided data for peri-hilar
cholangiocarcinoma patients.*3:147-149 Xy et al study!*® (n=10
robotic cases, Bismuth—Corlette Type III-IV!3? =90%) showed
an increased complication rate (90% vs 50%; P<0.05) and
decreased DFS (P=0.029) compared with open surgery. The
other studies support the safety of the robotic approach, notably
to achieve negative margin. The quality of lymphadenectomy is
documented only in the largest and most recent series®; it
includes 38 patients (Bismuth—Corlette type III-TV!>0=66%),
reports an RO rate of 81% and a mean harvested nodes of 8
(£6.6). Overall, there is a lack of robust long-term data.!’!
Thus, the safety of robotic surgery compared with the open route
still needs to be demonstrated for peri-hilar cholangiocarcinoma,
especially considering the wide spectrum of complex patient
characteristics and risks (eg, confounding factors) associated
with this indication, for which the relevance of minimally inva-
sive approaches is continuously debated.

Live donor hepatectomies involve ideal, low-risk clinical
patient and liver guality profiles.”® One series!>2 and 2 propensity-
matched studies'>*1%* comparing robotic with laparoscopic and
open approaches demonstrate the feasibility (less bleeding and
similar postoperative complications) of robotic live donor hep-
atectomy (n= 112 robotic full left lobes and 212 robotic full right
lobes, no mortality!>%; n = 35 right lobe donor hepatectomy!>* and
n=92 robotic right donor hepatectomies'>?). Two studies even
suggest that robotics is suitable for donors with hilar anatomic
variations compared with laparoscopy (n=102 robotic right
donor hepatectomies!>® and n = 100 robotic right donor hepatec-
tomies with extended criteria, !> ie, graft weight > 800 g, type B/C
portal vein,’>” > 1 bile duct or hepatic artery to anastomose and
inferior hepatic veins >5 mm requiring reconstruction). These
robotic series report improved donors’ postoperative pain,
recovery, and body perception.!>® The main drawback of robotic
donor hepatectomy appears to be the increased operative time and
warm ischemia,!?? likely depending on the learning curve. These
studies all confirm satisfactory outcomes for recipients of these
grafts. While promising, this indication is still in its early stage of
development and requires broader critical evaluation!>%-160
(Table 1, Section E, Statements 22 and 23).

Technical Considerations

The lack of haptic feedback is still a limitation in robotic
surgery.!o! In the hands of expert robotic surgeons, it is some-
how compensated by their optical feedback in association with
the projection of both ultrasound images and preoperative ren-
derings on the robotic screen. Studies argue that integrating
haptic features may be helpful to guide the force control applied
by the tool, tissue manipulation, characterization, and proce-
dural efficiency, and may reduce cognitive overload.!®> The
absence of haptic feedback raises concerns about the risk of
rupturing large lesions during liver surgery, especially when
located in “difficult” segments requiring extended mobilization;
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however, 1 propensity-matched score study!®® included 100
robotic large-tumor resections (mostly HCCs and benign tumors
on noncirrhotic livers, median tumor size=115 mm). It shows
the feasibility of robotics (vs laparoscopy) with a conversion rate
of 8%, CD>2 rate of 4%, and no mortality. The jury empha-
sized the absence of robotic-specific technical difficulty grading
systems, especially for liver surgery, while stating that current
laparoscopic difficulty scoring systems remain useful, especial?f
for risk assessment in data collection and study designs!®*
(Table 1, Section E, Statement 21). As it was for laparoscopic
liver surgery,!? developing and validating robot-specific scoring
systems, especially for liver procedures, is a high-priority
research topic needed to ensure technical guidance and safety
(Table 4). Finally, the lack of robotic ultrasonic cavitation or
another transection device, such as the hydro jet, is currently a
isadvantage, possibly highlighting a current technological
enefit for open and laparoscopic techniques.

oo

TABLE 4. Areas in Need of Innovation and Future Research
Priorities

Innovations awaited by the HPB community:

Development and validation of robot-specific difficulty scores for
technical guidance, especially lacking in the context of liver
procedures.

Integrated ultrasonic surgical aspirator (for liver robotics).

Improved liver transection sealing devices.

Integrated augmented reality for navigation.

Real-time Al-based surgical assistance.

Future questions for randomized trials:

Is robotics versus laparoscopy superior in patients undergoing major
liver resections (stratification regarding biliary reconstruction) for
primary or secondary liver cancer?

Is robotics versus open noninferior in patients undergoing
pancreatoduodenectomy (stratification regarding neoadjuvant
treatment and vascular resection) for pancreatic or peri-ampullary
cancer?

Is robotic versus laparoscopy cost-effective in patients undergoing
distal pancreatectomy?

Is robotics versus laparoscopy cost-effective in patients undergoing
minor liver resection in easily accessible lesions for primary or
secondary liver cancer?

Is the uptake of an HPB robotic program effective or cost-efficient in
different care systems (private vs public, with or without already
implemented laparoscopy)?

Requirements for prospective real-world data collection:

Transparency including public reporting and Web site presence.

Transparency regarding data gathering, artificial intelligence
integration, and intraoperative analytics.

Documentation of the device characteristics: brand, generation,
technical features, use of autonomous or semiautonomous options.

Documentation of the health care structure, costs, and
reimbursement schemes.

Documentation of prior surgeons’ and centers’ experience and
learning curves (in training/mentor, 2-surgeon technique).

Documentation of the patient’s demographics and indications with
risk assessment, eg, neoadjuvant treatments, resectability, liver
functional reserve, and underlying liver disease for liver resections.

Documentation of intraoperative metrics with sufficient details (ie,
transfusion rate, urgent vs nonurgent conversion).

Documentation of postoperative and patient-centered outcomes
using standardized and validated clinically relevant metrics.

Documentation of patient follow-up while adhering to procedure-
specific follow-up periods.

Documentation of surgeons’ and patients’ acceptability of the
device, including ergonomics and surgeon’s quality of life.

Quality control of the data, including auditing practices.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Panels 8 to 10: Indications and Impact of Robotic
Pancreatic Resection

In contrast to liver procedures, which encompass several
procedures associated with varying technical difficulties, pan-
creatic resections are often categorized in the literature into distal
pancreatectomies and pancreatoduodenectomies, which each
have their inherent challenges. Studies frequently focus on
homogeneous populations undergoing one of these procedures.
Consequently, the efficacy of the robotic approach was initially
evaluated for distal pancreatectomy, with comparisons to both
open and laparoscopic approaches, and subsequently for pan-
creatoduodenectomy, predominantly comparing it to open sur-
gery since laparoscopic pancreatoduodenectomy is not yet
widely adopted. Following this, investigations were conducted
into the oncological adequacy of robotic approaches for pan-
creatic ductal adenocarcinoma (PDAC). Finally, the feasibility
and outcomes of robotic pancreatic enucleation were assessed.

Robotic Distal Pancreatectomy Versus Open and
Laparoscopic Approach

The preference for robotic distal pancreatectomy over the
open route is mainly extrapolated from RCTs comparing mini-
mally invasive (ie, predominantly laparoscopy) to open
approaches such as DIPLOMA and LEOPARD.3%8! These
trials demonstrate minimally invasive approaches (vs open route)
being noninferior regarding the rate of RO resection and
improving functional recovery (ie, mobility, pain control, caloric
intake, no fluids, no infection). Comparative observational
studies (robotic vs laparoscopy) conducted by the E-MIPS have
provided evidence supporting robotic safety (vs laparoscopy).
Chen et al'% (no matching) included 103 robotics patients with
resectable PDACs and shows oncological adequacy (R0 =76%,
median harvested nodes =18, 3 years OS =43.7%). Lof et al!6°
(propensity-matched) included 407 robotic patients (79% of
benign or premalignant tumors) and shows satisfactory proce-
dural and postoperative outcomes (conversion=7%, spleen
preservation=81%, CD>2 complication=14%, 90-day mor-
tality = 0.5%). This makes robotic a valuable minimally invasive
alternative to laparoscopy with potential advantages regarding
conversion and spleen preservation rates.!® However, these
advantages were not evident in benchmark values for spleen-
preserving distal pancreatectomy (benchmark study,®* n=162
robotic vs 602 laparoscopic low-risk patients, spleen-preserva-
tion failure <27% vs <30%). Based on all these data, results
from a pan-European registry (E-MIPS)!7 and on the Miiller
et al®® benchmark study, the safety of robotic distal pan-
createctomy can be considered established (n=355 low-risk
patients,?’ conversion < 3%, clinically significant pancreatic fis-
tula <1.8%, 90-day CD > 2 rates <26.7%, harvested nodes, and
RO margin >9 and > 83%) (Table 1, Section F, Recom-
mendation 24). Of note, in this benchmark study,’ the con-
version rate reported for patients operated by laparoscopy
(n=180, conversion rate=15%) exceeded robotic benchmarks
(<£3%) (Table 1, Section F, Statements 25). Still, its widespread
advantages over laparoscopy and cost-effectiveness remain to be
determined. 167169

Robotic Pancreatoduodenectomy Versus Open and
Laparoscopic Approach

For pancreatoduodenectomy (ie, Whipple procedure),
safety concerns of the laparoscopic approach compared with
open surgery were raised by the prematurely terminated
LEOPARD-2 trial.!8 This study has challenged the earlier
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favorable results from other RCTs (PADULAP,!® PLOT,!”!
and Wang et al’s!7?), limiting the dissemination of the laparo-
scopic approach. The EUROPA trial'!” randomized 81 patients
(robot vs open) for any indication, excluding borderline and
locally advanced tumors, and the primary endpoint was 90-day-
,CCI. EUROPA concludes with the safety of the robotic
g approach over open pancreaticoduodenectomy (90-day CCI: 34
avs 36, P=0.713). It, however, demonstrates higher rates of
clrmcdlly significant pancreas-specific complications (59% vs
33%; P=0.046) and higher overall costs (33,502 versus 21,429
euros; P=0.011) in the robotic arm. No advantages were
5 observed regarding patient-reported outcome measures (includ-
S ing pdll’l quality of life, and recovery) or self-evaluation of the
- surgeon’s mental workload. The typical advantages allocated to
2 minimally invasive approaches regarding blood loss and length
= of stay are not shown. While not statrstlcally significant, the
robotic patients experienced 18% (vs 0% in the open group) of
R1 resections. The Liu et al'”? trial randomized 164 patients
> (robot vs open) with resectable benign, premalignant, or malig-
nant tumors, and the primary endpoint was the hospital length
of stay. This trial'”3 shows, in the robotic arm, a shorter length
- of stay (11 vs 13.5 days; median difference of 2 days; P=0.029),
improved times to functional recovery (eg, off-bed activities and
nasogastric tube removal: 2 vs 3 d; P<0.001) with similar
CD>2 rates (22% vs 23%; P =0.82), pancreatic-specific com-
plications rates, mortality (1 death in each arm), harvested nodes
(median: 13 vs 13; P=0.36) and RO margrns (4 vs 4%; P=0.99).
With the EUROPA117 and Liu et al'73 exploratory trials,
¢ pancreatoduodenectomy becomes the procedure currently
documented with the highest level of evidence in robotic HPB
surgery. In addition, 7 controlled but nonrandomized
studi¢.=:822’46’79’174’178 emerging from different groups support
- the feasibility of robotic pancreaticoduodenectomy compared
with open regarding postoperative outcomes suggesting that
robotics do not negatively affect morbidity, including pancre-
-atic fistula or hemorrhage. One propen51ty -matched study
£shows decreased transfusion and conversion rates compared
zw1‘[h laparoscopy (n= 1158 robotic patients, 83% with
malignant  tumors).!’”® Robotic  pancreatoduodenectomy
seems already increasingly adopted over laparoscopic pan-
creaticoduodenectomy based on National Surgical Quality
Improvement Program (NSQIP) data'®" and the E-MIPS
registry!7® (n=835 robotic patients including 47% of PDACs,
conversion=9.7%, CD >2=46%, clinically significant pan-
creatic fistula =25.4%; 30-day-mortality =4%, R0 =73%, har-
vested nodes=16).17® One population-based propensity
score-matched study (de Graaf et al,'8! Dutch Pancreatic
Cancer Audit, 2014-2021, robot vs open) includes 701 robotic
patients (malignancy =73%, PDACs=31%, neoadjuvant=
8.6%, CD > 2 complications =40%, mortality =4%, failure to
rescue =9%, R0O=61.5%, mean harvested nodes=15). It
stands as an example of real-world data and nationwide
implementation. However, the optimal Dutch system raises
skepticism regarding its generalizability in other countries.
Overall, the jury recognized the feasibility of robotic
pancreatoduodenectomy in selected cases and its promising,
yet still unestablished, potential in the context of emerging
validated training tools,*71:182  curricula and specialized
difficulty scores*”-183-185 (Table 1, Section F, Statements/
Recommendations 27-29). The results of ongoing RCTs,
including DIPLOMA-2 (ISRCTN27483786)!7 and PORTAL
(NCT04400357),'80 comparing minimally invasive and robotic
pancreatoduodenectomy to open surgery, are awaited, while no
RCTs comparing robotic versus laparoscopy are ongoing.
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Robotic Surgery for PDAC

In patients with PDAC, robotic technology seems an
appropriate surgical approach for both (1) right-sided PDAC
(propensity-matched study,?? n = 332 robotic PDACs; R0 =90%,
median nodes harvested =16, 3 years OS=24.8% and n=2380
robotic PDACs, R0=91%, 3-years OS=234.9%'7) (Table 1,
Section F, Recommendation 30) and (2) left-sidled PDAC
(Miiller et al;2® benchmark study, n= 62 low-risk robotic
PDACs, RO >83%, median nodes > 9, 3-years OS > 80%)
(Table 1, Section F, Recommendation 26). Robotic pancreatic
surgery seems associated with noninferior oncologic outcomes
when compared with open.?>16>137 The jury emphasized that
appropriate expertise is necessary to fully exploit the potential of
robotics for PDACs and that additional longitudinal data are
still needed.”® This is particularly true for more technically
challenging scenarios, eg, patients with borderline or locally
advanced tumors, where the jury addressed a note of caution
regarding these indications, which were outside of the scope of
most trials and studies. More research is needed to assess the
impact of neoadjuvant treatments in the context of the robotic
approach.?>% Likewise, only a few series focused on the feasi-
bility of the robotic approach for PDAC with vascular
resection, 167:179,188-190

Robotic Pancreatic Enucleation

The body of evidence assessing robotic enucleation of
localized pancreatic lesions remains limited to 7 retrospective
single-center series on a restricted number of selected patients.
This limited experience nevertheless suggests its feasibility and
safety in comparison to both the open'®1-190 and laparoscopic
approaches.!’ This has led the jury to recognize robotic enu-
cleation as an acceptable alternative for the same indications as
those used in other approaches (ie, superficial benign pancre-
atic tumors, tumor size <2 cm, and distance to the main
pancreatic duct of at least 2 mm)!®® (Table 1, Section F,
Recommendation 31).

RESEARCH PRIORITIES

The future assessment of robotic HPB surgery remains a
major challenge that is expected to increase. The implementation
of conclusive RCTs will be impacted by learning curves, com-
mercial competition, and evolving technologies.!*® In addition,
the conundrum regarding growing surgeons’ and patients’
enthusiasm for robotics and the wide acceptance of minimally
invasive surgery have already compromised equipoise, especially
compared with the open approach. Robotics will probably
quickly pass through IDEAL phases 3 and 4, as conventional
laparoscopy did for numerous advanced HPB indications. Thus,
the next few years represent a crucial, brief window for designing
and executing meaningful comparative controlled trials with
clinical impact.

One important mission for the conference was to under-
score and prioritize future research areas and needs in robotic
HPB (Table 4). The jury recommended conducting exploratory
trials focusing on the superiority/noninferiority of robotics in
technically advanced procedures, especially in cases where con-
ventional laparoscopy has failed to replace open surgery, eg,
advanced liver resection and pancreatoduodenectomy (Table 4).
Those studies should search for measurable effects on short-term
and mid-term surgical outcomes.? Conversely, there are several
minimally invasive indications where conventional laparoscopy
is alread recognized as a positive alternative to the open
route.! 90 These procedures are less demanding and function
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Recommendations for Robotic HPB Surgery

adequately even without the use and possible expense of robotic
assistance. The jury considered that pragmatic study designs
with formal economic evaluations providing trial-based com-
parative cost-effectiveness analyses?°!292 should be prioritized in
these situations (Table 4).
o Cost considerations should not be limited to direct intra-
¢ procedural/in-hospital expenses and device acquisition/main-

S

g tenance alone. HPB robotic programs should be evaluated using
& business models that assess their profitability in advancing mini-
= mally invasive surgery. This evaluation should encompass factors
3 such as quicker learning curves (resulting in less downtime from
£ productivity) and improved attractiveness for the institution. In
S this setting, various barriers or facilitators, 23205 eg, governance,
= quality control, workforce issues (eg, 2-surgeon approach), impact
¢ on cognitive processes (eg, new theater environment), public
= understanding, equity of access, industry role, deskilling on other
§ surgical domains (eg, laparoscopy), etc., will influence the imple-
2 mentation of HPB robotic programs (including local training and
5 credentialing) in health care systems. These need to be further
&assessed using specialized tools emerging from implementation
% science, such as the Theoretical Domains Framework (TDF) and
< the Consolidated Framework for Implementation Research
< (CFIR)* (Table 4).
) The jury underscored that difficulties in conducting trials do
not preclude proactive evaluation of the technology.?” Non-
randomized observational studies will likely continue to be the
primary means for assessing HPB robotic surgery, especially using
benchmark methodology.!%* Therefore, prospective and compre-
hensive databases and national/international registries collecting
= longitudinal information from open/laparoscopic/robotic proce-
S dures are crucial, including procedure-specific and patient-specific
» risk information for appropriate analytical adjustment (eg, pro-
Zpensity score-based methods) (Table 4).208 They are especially
needed in evaluating rare indications (eg, peri-hilar-chol-
angiocarcinoma, living donation, long-term outcomes (ie, onco-
= logical endpoints), and supporting the generalization of trial
g results.29%-210 Sych registries are also paramount for tracking the
= performance of new devices, the evolution of robotic technologies,
and their expected impact on health care systems. The jury
encourages prospective and quality data collection, seizing care
practice in a naturalistic manner and based on pre-hoc definitions
aiming to capture robot-specific technical endpoints and granular
data regarding clinical contexts and indications in centers
embarking on HPB robotic surgery (Table 4).2!! Such a registry
could be used as a platform for designing registry-based RCTs,
possibly allowing for lesser cost, generalization, rapid enrollment,
and better follow-up completeness., 2

Finally, the jury conveyed that future research in robotic
HPB surgery must target various stakeholders*! in addition to
the surgeon to inform and validate next-generation metrics and
tools that could be used to assess human factors, such as pro-
cedural analytics integrating computer vision and artificial
intelligence.?'® Gathering a substantial volume of digitized data,
robotic systems are an optimal platform for future advancements
in virtual patient and surgeon modeling,>'* including virtual
trials using individualized computer simulation (ie, including
virtual patients). This represents an emerging alternative to
address typical challenges in evaluating swiftly evolving medical
technologies.?!>-216

n

NOJZTARMHJSSHNQU

Tw

1sqbz3y

0

DISCUSSION

ROBOT4HPB is the first jury-based international con-
sensus conference evaluating robotic HPB surgery. On the basis

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

of the Zurich-Danish model, it aimed to provide systematic,
unbiased, and industry-independent guidelines; it addressed 10
general HPB as well as specific liver or pancreatic surgery topics
by comparing robotic versus laparoscopic or open approaches.
This consensus conference was held at a turning point where
robotic HPB surgery rapidly flows into the IDEAL phase 2b-3 of
surgical technological innovation.”* The main goals were to
promote a template for the secure foundation of HPB robotics in
clinical practice while evaluating current feasibility and potential
value and identifying areas of future research and innovation.*!

Through our systematic reviews, distinct trends in the
evolution of robotic surgery for liver and pancreatic procedures
have been observed, possibly following different IDEAL devel-
opment stages. Robotic pancreatic surgery, notably pan-
creatoduodenectomy, is being introduced cautiously with con-
siderable collective efforts to ensure safety in its adoption,
supported by significant evidence comparing minimally invasive
and open approaches. In contrast, robotic liver surgery appears
to be embraced more readily, drawing upon the knowledge
gained from conventional laparoscopic techniques. Overall, the
consensus recognized that expertise, including training, cre-
dentialing, maintaining optimal performances at surgeon and
center levels, and high-volume HPB experience are critical
parameters ensuring safety. When performed in such context,
these guidelines acknowledged that most HPB procedures are
feasible robotically and potentially valuable to achieve techni-
cally advanced minimal-invasive benefits. The safety of robotic
conversion to open surgery during HPB procedures lacks pre-
cision and validation; this has emerged as a current red flag
situation requiring extreme caution and prior preparation.

Robotic surgery experts were asked to compare robotics
to other HPB approaches. While the jury mostly endorsed its
favorable and encouraging results, prospective data collection
using validated endpoints for surgical assessment, including
patient-centered and long-term outcomes, is still incomplete.
Therefore, a definitive comparison to reference standards
remains to be established, which precludes database and reg-
istry-driven recommendations regarding the superiority of
robotics. Selected randomized trials are expected but will be
challenging to design, especially considering robotics surgery’s
rapid and disruptive evolution. In addition, these guidelines are
being implemented within a monopoly of the DaVinci (Intui-
tive Surgical) platform. Emerging platforms and technologies
will likely affect our assessments and validations of HPB
robotics in clinical practice, especially when integrating unique
new functionalities and artificial intelligence with procedural
analytics, augmented reality, and various autonomous/semi-
autonomous features.

In the meantime, these inspiring future innovations and
broadening surgeon robotic acceptance fuel the enthusiasm
surrounding HPB robotics. Among the experts and the audience,
most minimal-invasive surgeons who embarked on robotics
acknowledged being seduced by the technology without sig-
nificant evidence-based data. The drive for competition among
specialized professionals and hospitals, combined with the innate
curiosity of surgical experts for innovation, promotes proactive
marketing strategies, although successfully maintaining a certain
level of safety. Realistically, HPB robotics is “here to stay”
regardless of its controlled evaluation, especially for procedures
with validated minimal-invasive indications.??” In this setting,
cost-effectiveness, accessibility, and successful uptake of robotics
will constitute the main determinants of robotic diffusion, posing
probable geopolitical, economic, and legal quandaries. Robotic
surgical technologies and innovations inherently adhere to
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market rules, and how health care systems can comply without
increasing already existing care delivery inequities might become
the next challenge for many societies.

The ROBOT4HPB consensus represents a unique collab-
orative and multidisciplinary effort involving experts, jury, and
audience. The jury’s impartial endorsement supports the feasi-

S bility of robotic HPB surgery while emphasizing the importance
:;—)of expertise to oversee its safe promotion and development.
& Although it offers considerable promise for advancing minimally
= invasive surgery in the future, it also presents several formidable
and increasing challenges regarding its ongoing assessment and
implementation.

J.

dny wo.

ACKNOWLEDGMENTS

The consensus conference was supported by the Liver and
Gastrointestinal Disease (LGID) Foundation, Zurich, Switzerland,
which also acted as the legal entity, the Yvonne Jacob Foundation
Zurich, Switzerland and the Hub for Liver and Gastrointestinal
Health and Healthcare Improvement. The authors thank Susanne
Gaal Elvire de Chalus, and Nicolas Bergounioux for the invalu-
- able assistance in organizing this consensus conference.

196.NS}0S[RUUER/W0D" MM|"S[euInol)/

LIST OF CONTRIBUTORS

The ROBOT4HPB Consensus Group. Jury. Laurence
Chiche (Vice-President), Daniel Cherqui, Milo Puhan, Cristina
Ferrone, Nathalie Ganne, Julie Heimbach, Wojciech G. Polak,
Jayson Woodbridge, Frangoise Van Hove. Panel 1. Raphael
Araujo, Luca Aldrighetti, Jiahong Dong, Christoph Tschuor.
Panel 2. Juan Pekolj, Adnan Alseidi, Yutaro Kato, Patrick Pes-
saux. Panel 3. Hugo Pinto Marques, Johan Pratschke, Xiaoying
Wang, Hop Sanderson Tran-Cao, Raffaele Brustia. Panel 4. Gi-
ong Choi, Sanket Srinivasa, Yuman Fong, Karim Halazun,
Alain Valverde. Panel 5. Dieter Broering, Yao-Min Wu, Ho-
Seong Han, Brian Goh, Ashwin Rammohan, Henrik Petrowsky.
Panel 6. John Martinie, Arvinder Soin, Marcel Machado, Mat-
thieu D’Hondt, Frangois Cauchy. Panel 7. Umberto Cillo, Jason
Hawksworth, Go Wakabayashi, Jawad Ahmad, Chetana Lim.
Panel 8. Melissa Hogg, Pier-Cristoforo Giulianotti, Fabrizio
Panaro. Panel 9. Oliver Strobel, Patricio Polanco, Olivier Saint-
Marc. Panel 10. Ugo Boggi, Jin-Young Jang, Horacio J. Asbun,
Laurent Sulpice. Literature Review Group. Lucia Calthorpe,
Andrea Benedetti Cacciaguerra, Alison Baskin, Nassiba Begh-
dadi, Jeanne Dembinski, Alessandro Mazzotta, Alexandra Nas-
sar, Yi-Ping Sng, Richard Xavier Sousa Da Silva, Celia Turco,
Taiga Wakabayashi, Jaeyun Jane Wang

=

REFERENCES

1. Carpentier A, Loulmet D, Aupecle B, et al. [Computer assisted open
heart surgery. First case operated on with success]. C R Acad Sci III.
1998;321:437-442.

2. Kwoh YS, Hou J, Jonckheere EA, et al. A robot with improved absolute
positioning accuracy for CT guided stereotactic brain surgery. IEEE
Trans Biomed Eng. 1988;35:153-160.

3. Davies BL, Hibberd RD, Ng WS, et al. The development of a surgeon
robot for prostatectomies. Proc Inst Mech Eng H. 1991;205:35-38.

4. Marescaux J, Smith MK, Folscher D, et al. Telerobotic laparoscopic
cholecystectomy: initial clinical experience with 25 patients. Ann Surg.
2001;234:1-7.

5. Marescaux J, Leroy J, Rubino F, et al. Transcontinental robot-assisted
remote telesurgery: feasibility and potential applications. Ann Surg.
2002;235:487-492.

6. Fantus RJ, Cohen A, Riedinger CB, et al. Facility-level analysis of
robot utilization across disciplines in the National Cancer Database.
J Robot Surg. 2019;13:293-299.

148 | www.annalsofsurgery.com

7. Chung G, Hinoul P, Coplan P, et al. Trends in the diffusion of robotic
surgery in prostate, uterus, and colorectal procedures: a retrospective
population-based study. J Robot Surg. 2021;15:275-291.

8. Sheetz KH, Norton EC, Dimick JB, et al. Perioperative Outcomes and
Trends in the Use of Robotic Colectomy for Medicare Beneficiaries
From 2010 Through 2016. JAMA Surg. 2020;155:41-49.

9. Sheetz KH, Claflin J, Dimick JB. Trends in the Adoption of Robotic
Surgery for Common Surgical Procedures. JAMA Netw Open. 2020;3:
el1918911.

van Ramshorst TME, van Hilst J, Bannone E, et al. International
survey on opinions and use of robot-assisted and laparoscopic minimally
invasive pancreatic surgery: 5-year follow up. HPB (Oxford). 2024;26:
63-72.

Randle BJP Morgan Healthcare Conference 2022.

Wakabayashi G, Cherqui D, Geller DA, et al. Recommendations for
laparoscopic liver resection: a report from the second international
consensus conference held in Morioka. Ann Surg. 2015;261:619-629.
Abu Hilal M, Aldrighetti L, Dagher I, et al. The Southampton
Consensus Guidelines for Laparoscopic Liver Surgery: From Indication
to Implementation. Ann Surg. 2018;268:11-18.

Asbun HJ, Moekotte AL, Vissers FL, et al. The Miami International
Evidence-based Guidelines on Minimally Invasive Pancreas Resection.
Ann Surg. 2020;271:1-14.

Kuemmerli C, Fichtinger RS, Moekotte A, et al. Laparoscopic versus
open resections in the posterosuperior liver segments within an enhanced
recovery programme (ORANGE Segments): study protocol for a
multicentre randomised controlled trial. Trials. 2022;23:206.

. Ng KKC, Chong CCN, Lee K-F, et al. Asia-Pacific multicentre
randomized trial of laparoscopic versus open major hepatectomy for
hepatocellular carcinoma (AP-LAPO trial). BJS Open. 2023;7:
zracl66.

. de Graaf N, Emmen AMLH, Ramera M, et al. Minimally invasive
versus open pancreatoduodenectomy for pancreatic and peri-ampul-
lary neoplasm (DIPLOMA-2): study protocol for an international
multicenter patient-blinded randomized controlled trial. Trials. 2023;
24:665.

van Hilst J, de Rooij T, Bosscha K, et al. Laparoscopic versus open
pancreatoduodenectomy for pancreatic or periampullary tumours
(LEOPARD-2): a multicentre, patient-blinded, randomised controlled
phase 2/3 trial. Lancet Gastroenterol Hepatol. 2019;4:199-207.

Chong CC, Fuks D, Lee K-F, et al. Propensity Score-Matched Analysis
Comparing Robotic and Laparoscopic Right and Extended Right
Hepatectomy. JAMA Surg. 2022;157:436-444.

Miiller PC, Breuer E, Nickel F, et al. Robotic Distal Pancreatectomy: A
Novel Standard of Care? Benchmark Values for Surgical Outcomes
From 16 International Expert Centers. Ann Surg. 2023;278:253-259.

Krenzien F, Schmelzle M, Pratschke J, et al. Propensity Score-Matching
Analysis Comparing Robotic Versus Laparoscopic Limited Liver
Resections of the Posterosuperior Segments: An International Multi-
Center Study. Ann Surg. 2024;279:297-305.

Liu Q, Zhao Z, Zhang X, et al. Perioperative and Oncological Outcomes
of Robotic Versus Open Pancreaticoduodenectomy in Low-Risk
Surgical Candidates: A Multicenter Propensity Score-Matched Study.
Ann Surg. 2023;277:¢864—871.

Di Benedetto F, Magistri P, Di Sandro S, et al. Safety and Efficacy of
Robotic vs Open Liver Resection for Hepatocellular Carcinoma. JAMA
Surg. 2023;158:46-54.

Barkun JS, Aronson JK, Feldman LS, et al. Evaluation and stages of
surgical innovations. Lancet. 2009;374:1089-1096.

Barkun JS, Dimick JB, Clavien P-A. Surgical Research in Patients: Ideal
Time for an IDEAL Checklist. Ann Surg. 2019;269:208-210.
McCulloch P, Altman DG, Campbell WB, et al. No surgical innovation
without evaluation: the IDEAL recommendations. The Lancet. 2009;
374:1105-1112.

Pradarelli JC, Thornton JP, Dimick JB. Who Is Responsible for the Safe
Introduction of New Surgical Technology?: An Important Legal
Precedent From the da Vinci Surgical System Trials. JAMA Surg.
2017;152:717-718.

Ignatavicius P, Oberkofler CE, Jonas JP, et al. The essential require-
ments for an HPB centre to deliver high-quality outcomes. J Hepatol.
2022;77:837-848.

Lesurtel M, Perrier A, Bossuyt PMM, et al. An independent jury-based
consensus conference model for the development of recommendations in
medico-surgical practice. Surgery. 2014;155:390-397.

10.

11.
12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



8L+AWAOANDMNEeAAAAVO/7IAEIDVIHSALLIAIPOOAEIEAHIOIN/AD AUMY TXOMADYO!

WXPOHISUBZIYTIo+erNIOITWNOTZTARYHLaSHA QUG Aq Alabinsjosjeuur/wod mm| sfeusnoly/:dny woly papeojumoq

¥202/LT/ZT uo

Annals of Surgery » Volume 281, Number 1, January 2025

Recommendations for Robotic HPB Surgery

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Clavien P-A, Lesurtel M, Bossuyt PMM, et al. Recommendations for
liver transplantation for hepatocellular carcinoma: an international
consensus conference report. Lancet Oncol. 2012;13:e11-e22.

Frilling A, Modlin IM, Kidd M, et al. Recommendations for manage-
ment of patients with neuroendocrine liver metastases. Lancet Oncol.
2014;15:e8-€21.

Domenghino A, Walbert C, Birrer DL, et al. Consensus recommenda-
tions on how to assess the quality of surgical interventions. Nar Med.
2023;29:811-822.

Atkins D, Best D, Briss PA, et al. Grading quality of evidence and
strength of recommendations. BMJ. 2004;328:1490.

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging
consensus on rating quality of evidence and strength of recommenda-
tions. BMJ. 2008;336:924-926.

Djulbegovic B, Guyatt GH. Progress in evidence-based medicine: a
quarter century on. Lancet. 2017;390:415-423.

Andrews J, Guyatt G, Oxman AD, et al. GRADE guidelines: 14.
Going from evidence to recommendations: the significance and
presentation of recommendations. Journal of Clinical Epidemiology.
2013;66:719-725.

Andrews JC, Schiinemann HJ, Oxman AD, et al. GRADE guidelines:
15. Going from evidence to recommendation-determinants of a
recommendation’s direction and strength. J Clin Epidemiol. 2013;66:
726-735.

Counsell C. Formulating questions and locating primary studies for
inclusion in systematic reviews. Ann Intern Med. 1997;127:380-387.
SIGN 50: A guideline developer’s handbook. Accessed March 18, 2018.
http://www.sign.ac.uk/guidelines/fulltext/50/index.html

Marchegiani F, Siragusa L, Zadoroznyj A, et al. New Robotic
Platforms in General Surgery: What’s the Current Clinical Scenario?
Medicina (Kaunas). 2023;59:1264.

Marcus HJ, Ramirez PT, Khan DZ, et al. The IDEAL framework for
surgical robotics: development, comparative evaluation and long-term
monitoring. Nat Med. 2024;30:61-75.

Zwart MJW, Fuente I, Hilst J, et al. Added value of 3D-vision during
laparoscopic biotissue pancreatico- and hepaticojejunostomy (LAE-
LAPS 3D2D): an international randomized cross-over trial. HPB
(Oxford). 2019;21:1087-1094.

Zwart MJW, Jones LR, Balduzzi A, et al. Added value of 3D-vision
during robotic pancreatoduodenectomy anastomoses in biotissue
(LAEBOT 3D2D): a randomized controlled cross-over trial. Surg
Endosc. 2021;35:2928-2935.

Zwart MJW, Jones LR, Fuente I, et al. Performance with robotic
surgery versus 3D- and 2D-laparoscopy during pancreatic and biliary
anastomoses in a biotissue model: pooled analysis of two randomized
trials. Surg Endosc. 2022;36:4518-4528.

Chua D, Syn N, Koh Y-X, et al. Learning curves in minimally invasive
hepatectomy: systematic review and meta-regression analysis. Br J Surg.
2021;108:351-358.

van den Broek BLJ, Zwart MJW, Bonsing BA, et al. Video Grading of
Pancreatic Anastomoses During Robotic Pancreatoduodenectomy to
Assess Both Learning Curve and the Risk of Pancreatic Fistula: A Post
Hoc Analysis of the LAELAPS-3 Training Program. Ann Surg. 2023;
278:¢1048—1054.

Zwart MJW, van den Broek B, de Graaf N, et al. The Feasibility,
Proficiency, and Mastery Learning Curves in 635 Robotic Pancreato-
duodenectomies Following a Multicenter Training Program: “Standing
on the Shoulders of Giants.”. Ann Surg. 2023;278:¢1232-e1241.

Sucandy I, Marques HP, Lippert T, et al. Clinical Outcomes of Robotic
Resection for Perihilar Cholangiocarcinoma: A First, Multicenter,
Trans-Atlantic, Expert-Center, Collaborative Study. Ann Surg Oncol.
2024;31:81-89.

Health C for D and R. Computer-Assisted Surgical Systems. FDA.
Accessed February 26, 2024. https://www.fda.gov/medical-devices/
surgery-devices/computer-assisted-surgical-systems 2023.

Zhang X-P, Xu S, Hu M-G, et al. Short- and long-term outcomes after
robotic and open liver resection for elderly patients with hepatocellular
carcinoma: a propensity score-matched study. Surg Endosc. 2022;36:
8132-8143.

Mederos MA, Starr S, Park JY, et al. Robotic versus open
pancreaticoduodenectomy in elderly patients: a propensity score-
matched analysis. HPB (Oxford). 2023;25:301-310.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Liu Q, Jiang N, Tian E, et al. Short-term outcomes of robotic versus
open pancreaticoduodenectomy in elderly patients: A multicenter
retrospective cohort study. Int J Surg. 2022;104:106819.

Paolini C, Bencini L, Gabellini L, et al. Robotic versus open
pancreaticoduodenectomy: Is there any difference for frail patients?
Surg Oncol. 2021;37:101515.

He S, Ding D, Wright MJ, et al. The impact of high body mass index on
patients undergoing robotic pancreatectomy: A propensity matched
analysis. Surgery. 2020;167:556-559.

Girgis MD, Zenati MS, Steve J, et al. Robotic approach mitigates
perioperative morbidity in obese patients following pancreaticoduode-
nectomy. HPB (Oxford). 2017;19:93-98.

Chao Y-J, Liao T-K, Su P-J, et al. Impact of body mass index on the
early experience of robotic pancreaticoduodenectomy. Updates Surg.
2021;73:929-937.

Chen H, Shen Z, Ying X, et al. Robotic distal pancreatectomy reduces
pancreatic fistula in patients without visceral obesity as compared to
open distal pancreatectomy: A propensity score matching retrospective
cohort study. Int J Surg. 2021;90:105960.

Rayman S, Sucandy I, Ross SB, et al. Does Metabolic Syndrome Effect
the Perioperative Course and Costs of Patients With Hepatocellular
Carcinoma Undergoing Robotic Hepatectomy? A Propensity Score-
Matched Analysis. Am Surg. 2022;88:2108-2114.

Hobeika C, Tribillon E, Marchese U, et al. Validation of the IMM
classification in laparoscopic repeat liver resections for colorectal liver
metastases. Surgery. 2021;170:1448-1456.

Liang Y, Lin C, Zhang B, et al. Perioperative outcomes comparing
laparoscopic with open repeat liver resection for post-hepatectomy
recurrent liver cancer: A systematic review and meta-analysis. Int J Surg.
2020;79:17-28.

Xiang Z-Q, Zhu F-F, Zhao S-Q, et al. Laparoscopic versus open repeat
hepatectomy for recurrent hepatocellular carcinoma: a systematic
review and meta-analysis of propensity score-matched cohort studies.
Int J Surg. 2023;109:963-971.

Gleeson EM, Pitt HA, Mackay TM, et al. Failure to Rescue After
Pancreatoduodenectomy: A Transatlantic Analysis. Ann Surg. 2021;274:
459-466.

Staiger RD, Gerns E, Castrejon Subira M, et al. Can Early Post-
operative Complications Predict High Morbidity and Decrease Failure
to Rescue Following Major Abdominal Surgery? Ann Surg. 2020;272:
834-839.

Finks JF, Osborne NH, Birkmeyer JD. Trends in hospital volume and
operative mortality for high-risk surgery. N Engl J Med. 2011;364:
2128-2137.

Magnin J, Bernard A, Cottenet J, et al. Impact of hospital volume in
liver surgery on postoperative mortality and morbidity: nationwide
study. Br J Surg. 2023;110:441-448.

Stefanidis D, Huffman EM, Collins JW, et al. Expert Consensus
Recommendations for Robotic Surgery Credentialing. Ann Surg. 2022;
276:88-93.

Klompmaker S, van der Vliet WJ, Thoolen SJ, et al. Procedure-specific
Training for Robot-assisted Distal Pancreatectomy. Ann Surg. 2021;274:
el8-¢e27.

Rice MK, Hodges JC, Bellon J, et al. Association of Mentorship and a
Formal Robotic Proficiency Skills Curriculum With Subsequent
Generations’ Learning Curve and Safety for Robotic Pancreaticoduo-
denectomy. JAMA Surg. 2020;155:607-615.

Satava RM, Stefanidis D, Levy JS, et al. Proving the Effectiveness of the
Fundamentals of Robotic Surgery (FRS) Skills Curriculum: A Single-
blinded, Multispecialty, Multi-institutional Randomized Control Trial.
Ann Surg. 2020;272:384-392.

Nota CL, Zwart MJ, Fong Y, et al. Developing a robotic pancreas
program: the Dutch experience. J Vis Surg. 2017;3:106.

Tam V, Zenati M, Novak S, et al. Robotic Pancreatoduodenectomy
Biotissue Curriculum has Validity and Improves Technical Performance
for Surgical Oncology Fellows. J Surg Educ. 2017;74:1057-1065.

Hogg ME, Tam V, Zenati M, et al. Mastery-Based Virtual Reality
Robotic Simulation Curriculum: The First Step Toward Operative
Robotic Proficiency. J Surg Educ. 2017;74:477-485.

Zwart MJW, Nota CLM, de Rooij T, et al. Outcomes of a Multicenter
Training Program in Robotic Pancreatoduodenectomy (LAELAPS-3).
Ann Surg. 2022;276:¢886—895.

www.annalsofsurgery.com | 149

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.


http://www.sign.ac.uk/guidelines/fulltext/50/index.html
https://www.fda.gov/medical-devices/surgery-devices/computer-assisted-surgical-systems
https://www.fda.gov/medical-devices/surgery-devices/computer-assisted-surgical-systems

8L+AWAOANDMNEeAAAAVO/7IAEIDVIHSALLIAIPOOAEIEAHIOIN/AD AUMY TXOMADYO!

WXPOHISUBZIYTIo+erNIOITWNOTZTARYHLaSHA QUG Aq Alabinsjosjeuur/wod mm| sfeusnoly/:dny woly papeojumoq

¥202/LT/ZT uo

Hobeika et al

Annals of Surgery » Volume 281, Number 1, January 2025

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

Korrel M, Lof S, Alseidi AA, et al. Framework for Training in
Minimally Invasive Pancreatic Surgery: An International Delphi
Consensus Study. J Am Coll Surg. 2022;235:383-390.

Fong Y, Buell JF, Collins J, et al. Applying the Delphi process for
development of a hepatopancreaticobiliary robotic surgery training
curriculum. Surg Endosc. 2020;34:4233-4244.

Takagi K, Umeda Y, Yoshida R, et al. Surgical training model and safe
implementation of robotic pancreatoduodenectomy in Japan: a techni-
cal note. World J Surg Oncol. 2021;19:55.

Kowalewski K-F, Schmidt MW, Proctor T, et al. Skills in minimally
invasive and open surgery show limited transferability to robotic
surgery: results from a prospective study. Surg Endosc. 2018;32:
1656-1667.

Pietersen PI, Hertz P, Olsen RG, et al. Transfer of skills between
laparoscopic and robot-assisted surgery: a systematic review. Surg
Endosc. 2023;37:9030-9042.

Zureikat AH, Beane JD, Zenati MS, et al. 500 Minimally Invasive
Robotic Pancreatoduodenectomies: One Decade of Optimizing Per-
formance. Ann Surg. 2021;273:966-972.

Li M, Liu Q, Zhang T, et al. Evaluating the learning curve of robotic
radical antegrade modular pancreatosplenectomy: A retrospective
cohort study. Int J Surg. 2022;101:106612.

Shi Y, Wang W, Qiu W, et al. Learning Curve From 450 Cases of
Robot-Assisted Pancreaticoduocectomy in a High-Volume Pancreatic
Center: Optimization of Operative Procedure and a Retrospective
Study. Ann Surg. 2021;274:¢1277-¢1283.

Lof S, Claassen L, Hannink G, et al. Learning Curves of Minimally
Invasive Distal Pancreatectomy in Experienced Pancreatic Centers.
JAMA Surg. 2023;158:927-933.

Nickel F, Distler M, Limen EF, et al. Initial learning curves of
laparoscopic and robotic distal pancreatectomy compared with open
distal pancreatectomy: multicentre analysis. Br J Surg. 2023;110:
1063-1067.

Gorgec B, Zwart M, Nota CL, et al. Implementation and Outcome of
Robotic Liver Surgery in the Netherlands: A Nationwide Analysis. Ann
Surg. 2023;277:¢1269-e1277.

Soomro NA, Hashimoto DA, Porteous AJ, et al. Systematic review of
learning curves in robot-assisted surgery. BJS Open. 2020;4:27-44.

Wright JD, Tergas Al, Hou JY, et al. Effect of Regional Hospital
Competition and Hospital Financial Status on the Use of Robotic-
Assisted Surgery. JAMA Surg. 2016;151:612-620.

Lof S, Vissers FL, Klompmaker S, et al. Risk of conversion to open
surgery during robotic and laparoscopic pancreatoduodenectomy and
effect on outcomes: international propensity score-matched comparison
study. Br J Surg. 2021;108:80-87.

Montalti R, Giglio MC, Wu AGR, et al. Risk Factors and Outcomes of
Open Conversion During Minimally Invasive Major Hepatectomies: An
International Multicenter Study on 3880 Procedures Comparing the
Laparoscopic and Robotic Approaches. Ann Surg Oncol. 2023;30:
4783-4796.

Slavin M, Ross SB, Sucandy I, et al. Unplanned conversions of robotic
pancreaticoduodenectomy: short-term outcomes and suggested stepwise
approach for a safe conversion. Surg Endosc. 2023;38:964-974

Vining CC, Al Abbas Al, Kuchta K, et al. Risk factors and outcomes in
patients undergoing minimally invasive hepatectomy with unplanned
conversion: a contemporary NSQIP analysis. HPB (Oxford). 2023;25:
577-588.

Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver
failure: a definition and grading by the International Study Group of
Liver Surgery (ISGLS). Surgery. 2011;149:713-724.

Rahbari NN, Garden OJ, Padbury R, et al. Post-hepatectomy
haemorrhage: a definition and grading by the International Study
Group of Liver Surgery (ISGLS). HPB (Oxford). 2011;13:528-535.

Bassi C, Marchegiani G, Dervenis C, et al. The 2016 update of the
International Study Group (ISGPS) definition and grading of post-
operative pancreatic fistula: 11 Years After. Surgery. 2017;161:
584-591.

van Ramshorst TME, Giani A, Mazzola M, et al. Benchmarking of
robotic and laparoscopic spleen-preserving distal pancreatectomy by
using two different methods. Br J Surg. 2022;110:76-83.

Girgis MD, Zenati MS, King JC, et al. Oncologic Outcomes After
Robotic Pancreatic Resections Are Not Inferior to Open Surgery. Ann
Surg. 2021;274:¢262-¢268.

150 | www.annalsofsurgery.com

96

97

98

99

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

117.

118.

. Nassour I, Tohme S, Hoehn R, et al. Safety and oncologic efficacy of
robotic compared to open pancreaticoduodenectomy after neoadjuvant
chemotherapy for pancreatic cancer. Surg Endosc. 2021;35:2248-2254.

. Baimas-George M, Watson M, Murphy KJ, et al. Robotic pancreati-
coduodenectomy may offer improved oncologic outcomes over open
surgery: a propensity-matched single-institution study. Surg Endosc.
2020;34:3644-3649.

. Rossler F, Sapisochin G, Song G, et al. Defining Benchmarks for Major
Liver Surgery: A multicenter Analysis of 5202 Living Liver Donors. Ann
Surg. 2016;264:492-500.

. Muller X, Marcon F, Sapisochin G, et al. Defining Benchmarks in Liver
Transplantation: A Multicenter Outcome Analysis Determining Best
Achievable Results. Ann Surg. 2018;267:419-425.

Sanchez-Velazquez P, Muller X, Malleo G, et al. Benchmarks in
Pancreatic Surgery: A Novel Tool for Unbiased Outcome Comparisons.
Ann Surg. 2019;270:211-218.

Dindo D, Demartines N, Clavien P-A. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg. 2004;240:205-213.

Slankamenac K, Graf R, Barkun J, et al. The comprehensive
complication index: a novel continuous scale to measure surgical
morbidity. Ann Surg. 2013;258:1-7.

Ghaferi AA, Birkmeyer JD, Dimick JB. Variation in hospital mortality
associated with inpatient surgery. N Engl J Med. 2009;361:1368-1375.
Gero D, Muller X, Staiger RD, et al. How to Establish Benchmarks for
Surgical Outcomes?: A Checklist Based on an International Expert
Delphi Consensus. Ann Surg. 2022;275:115-120.

Nassar A, Hobeika C, Lamer C, et al. Relevance of blood loss as key
indicator of the quality of surgical care in laparoscopic liver resection for
colorectal liver metastases. Surgery. 2020;168:411-418.

Perri G, Marchegiani G, Reich F, et al. Intraoperative Blood Loss
Estimation in Hepato-pancreato-biliary Surgery- Relevant, Not
Reported, Not Standardized: Results From a Systematic Review and
a Worldwide Snapshot Survey. Ann Surg. 2023;277:¢849-e855.

Abu Hilal M, van Ramshorst TME, Boggi U, et al. The Brescia
Internationally Validated European Guidelines on Minimally Invasive
Pancreatic Surgery (EGUMIPS). Ann Surg. 2024;279:45-57.

Halls MC, Cipriani F, Berardi G, et al. Conversion for Unfavorable
Intraoperative Events Results in Significantly Worse Outcomes During
Laparoscopic Liver Resection: Lessons Learned From a Multicenter
Review of 2861 Cases. Ann Surg. 2018;268:1051-1057.

Li P, Zhang H, Chen L, et al. Robotic versus laparoscopic distal
pancreatectomy on perioperative outcomes: a systematic review and
meta-analysis. Updates Surg. 2023;75:7-21.

Di Martino M, Caruso R, D’Ovidio A, et al. Robotic versus laparoscopic
distal pancreatectomies: A systematic review and meta-analysis on costs
and perioperative outcome. Int J Med Robot. 2021;17:¢2295.

Partelli S, Ricci C, Cinelli L, et al. Evaluation of cost-effectiveness
among open, laparoscopic and robotic distal pancreatectomy: A
systematic review and meta-analysis. Am J Surg. 2021;222:513-520.
Ziogas IA, Evangeliou AP, Mylonas KS, et al. Economic analysis of
open versus laparoscopic versus robotic hepatectomy: a systematic
review and meta-analysis. Eur J Health Econ. 2021;22:585-604.
Kowalsky SJ, Zenati MS, Steve J, et al. A Combination of Robotic
Approach and ERAS Pathway Optimizes Outcomes and Cost for
Pancreatoduodenectomy. Ann Surg. 2019;269:1138-1145.

Benzing C, Timmermann L, Winklmann T, et al. Robotic versus open
pancreatic surgery: a propensity score-matched cost-effectiveness
analysis. Langenbecks Arch Surg. 2022;407:1923-1933.

Miller HP, Hakim A, Kellish A, et al. Cost-Benefit Analysis of
Robotic vs. Laparoscopic Hepatectomy: A Propensity-Matched
Retrospective Cohort Study of American College of Surgeons
National Surgical Quality Improvement Program Database. Am Surg.
2022;88:2886-2892.

Rosemurgy A, Ross S, Bourdeau T, et al. Cost Analysis of
Pancreaticoduodenectomy at a High-Volume Robotic Hepatopancrea-
ticobiliary Surgery Program. J Am Coll Surg. 2021;232:461-469.

Klotz R, Mihaljevic AL, Kulu Y, et al. Robotic versus open partial
pancreatoduodenectomy (EUROPA): a randomised controlled stage 2b
trial. Lancet Reg Health Eur. 2024;39:100864.

Jenei K, Raymakers AJN, Bayle A, et al. Health technology assessment
for cancer medicines across the G7 countries and Oceania: an
international, cross-sectional study. Lancet Oncol. 2023;24:624-635.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



8L+AWAOANDMNEeAAAAVO/7IAEIDVIHSALLIAIPOOAEIEAHIOIN/AD AUMY TXOMADYO!

WXPOHISUBZIYTIo+erNIOITWNOTZTARYHLaSHA QUG Aq Alabinsjosjeuur/wod mm| sfeusnoly/:dny woly papeojumoq

¥202/LT/ZT uo

Annals of Surgery » Volume 281, Number 1, January 2025

Recommendations for Robotic HPB Surgery

119.

120.

—_
[\S]
—_

122.

123.

124.

125.

126.

127.

128.

129.

130.

—_
w
—_

132.

133.

134.

135.

136.

137.

138.

139.

140.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Chan AKC, Jamdar S, Sheen AJ, et al. The OSLO-COMET
Randomized Controlled Trial of Laparoscopic Versus Open Resection
for Colorectal Liver Metastases. Ann Surg. 2018;268:¢69.

Robles-Campos R, Lopez-Lopez V, Brusadin R, et al. Open versus
minimally invasive liver surgery for colorectal liver metastases
(LapOpHuva): a prospective randomized controlled trial. Surg Endosc.
2019;33:3926-3936.

. Fichtinger RS, Aldrighetti LA, Abu Hilal M, et al. Laparoscopic Versus

Open Hemihepatectomy: The ORANGE II PLUS Multicenter
Randomized Controlled Trial. J Clin Oncol. 2024;42:1799-1809.

Chen P-D, Wu C-Y, Hu R-H, et al. Robotic Versus Open Hepatectomy
for Hepatocellular Carcinoma: A Matched Comparison. Ann Surg
Oncol. 2017;24:1021-1028.

Zhu P, Liao W, Zhang W-G, et al. A Prospective Study Using
Propensity Score Matching to Compare Long-term Survival Outcomes
After Robotic-assisted, Laparoscopic, or Open Liver Resection for
Patients With BCLC Stage 0-A Hepatocellular Carcinoma. Ann Surg.
2023;277:¢103-el11.

Zhang X-P, Jiang N, Zhu L, et al. Short-term and long-term outcomes
after robotic versus open hepatectomy in patients with large hepatocel-
lular carcinoma: a multicenter study. Int J Surg. 2024;110:660-667.
Reig M, Forner A, Rimola J, et al. BCLC strategy for prognosis
prediction and treatment recommendation: The 2022 update. J Hepatol.
2022;76:681-693.

Shapera E, Crespo K, Syblis C, et al. Robotic liver resection for
hepatocellular carcinoma: analysis of surgical margins and clinical
outcomes from a western tertiary hepatobiliary center. J Robot Surg.
2023;17:645-652.

Beard RE, Khan S, Troisi RI, et al. Long-Term and Oncologic
Outcomes of Robotic Versus Laparoscopic Liver Resection for
Metastatic Colorectal Cancer: A Multicenter, Propensity Score Match-
ing Analysis. World J Surg. 2020;44:887-895.

Gumbs AA, Lorenz E, Tsai T-J, et al. Study: International Multicentric
Minimally Invasive Liver Resection for Colorectal Liver Metastases
(SIMMILR-CRLM). Cancers (Basel). 2022;14:1379.

Gumbs AA, Croner R, Lorenz E, et al. Survival Study: International
Multicentric Minimally Invasive Liver Resection for Colorectal Liver
Metastases (SIMMILR-2). Cancers (Basel). 2022;14:4190.

Shapera E, Ross S, Crespo K, et al. Analysis of surgical approach and
tumor distance to margin after liver resection for colorectal liver
metastasis. J Robot Surg. 2022;16:1427-1439.

. Chang W, Ye Q, Xu D, et al. Robotic versus open surgery for

simultaneous resection of rectal cancer and liver metastases: a
randomized controlled trial. Int J Surg. 2023;109:3346-3353.

Strasberg SM, Belghiti J, Clavien P-A, et al. The Brisbane 2000
Terminology of Liver Anatomy and Resections. HPB. 2000;2:333-339.

Prodeau M, Drumez E, Duhamel A, et al. An ordinal model to predict
the risk of symptomatic liver failure in patients with cirrhosis
undergoing hepatectomy. J Hepatol. 2019;71:920-929.

Goh BKP, Han H-S, Chen K-H, et al. Defining Global Benchmarks for
Laparoscopic Liver Resections: An International Multicenter Study.
Ann Surg. 2023;277:¢839-¢848.

Birgin E, Heibel M, Hetjens S, et al. Robotic versus laparoscopic
hepatectomy for liver malignancies (ROC’N’ROLL): a single-centre,
randomised, controlled, single-blinded clinical trial. The Lancet Regional
Health - Europe. 2024:100972.

Kawaguchi Y, Fuks D, Kokudo N, et al. Difficulty of Laparoscopic
Liver Resection: Proposal for a New Classification. Ann Surg. 2018;267:
13-17.

Chong Y, Prieto M, Gastaca M, et al. An international multicentre
propensity score matched analysis comparing between robotic versus
laparoscopic left lateral sectionectomy. Surg Endosc. 2023;37:
3439-3448.

Kadam P, Sutcliffe RP, Scatton O, et al. An international multicenter
propensity-score matched and coarsened-exact matched analysis
comparing robotic versus laparoscopic partial liver resections of
the anterolateral segments. J Hepatobiliary Pancreat Sci. 2022;29:
843-854.

D’Silva M, Han HS, Liu R, et al. Limited liver resections in the
posterosuperior segments: international multicentre propensity score-
matched and coarsened exact-matched analysis comparing the laparo-
scopic and robotic approaches. Br J Surg. 2022;109:1140-1149.
Krenzien F, Schmelzle M, Pratschke J, et al. Propensity Score-Matching
Analysis Comparing Robotic Versus Laparoscopic Limited Liver

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Resections of the Posterosuperior Segments: An International Multi-
center Study. Ann Surg. 2024;279:297-305.

Liu Q, Zhang W, Zhao JJ, et al. Propensity-score Matched and
Coarsened-exact Matched Analysis Comparing Robotic and Laparo-
scopic Major Hepatectomies: An International Multicenter Study of
4822 Cases. Ann Surg. 2023;278:969-975.

Sucandy I, Rayman S, Lai EC, et al. Robotic Versus Laparoscopic Left
and Extended Left Hepatectomy: An International Multicenter Study
Propensity Score-Matched Analysis. Ann Surg Oncol. 2022;29:8398-8406.

Yang HY, Choi GH, Chin K-M, et al. Robotic and laparoscopic right
anterior sectionectomy and central hepatectomy: multicentre propensity
score-matched analysis. Br J Surg. 2022;109:311-314.

Sijberden JP, Hoogteijling TJ, Aghayan D, et al. Robotic versus
Laparoscopic Liver Resection in Various Settings: An International
Multicenter Propensity Score Matched Study of 10.075 Patients. Ann
Surg. 2024;280:108-117.

Tanaka S, Kawaguchi Y, Kubo S, et al. Validation of index-based
IWATE criteria as an improved difficulty scoring system for laparo-
scopic liver resection. Surgery. 2019;165:731-740.

Halls MC, Berardi G, Cipriani F, et al. Development and validation of a
difficulty score to predict intraoperative complications during laparo-
scopic liver resection. Br J Surg. 2018;105:1182-1191.

Li J, Tan X, Zhang X, et al. Robotic radical surgery for hilar
cholangiocarcinoma: A single-centre case series. Int J Med Robot. 2020,
16:¢2076.

Xu Y, Wang H, Ji W, et al. Robotic radical resection for hilar
cholangiocarcinoma: perioperative and long-term outcomes of an initial
series. Surg Endosc. 2016;30:3060-3070.

Cillo U, D’Amico FE, Furlanetto A, et al. Robotic hepatectomy and
biliary reconstruction for perihilar cholangiocarcinoma: a pioneer
western case series. Updates Surg. 2021;73:999-1006.

Bismuth H, Corlette MB. Intrahepatic cholangioenteric anastomosis in
carcinoma of the hilus of the liver. Surg Gynecol Obstet. 1975;140:
170-178.

Berardi G, Lucarini A, Colasanti M, et al. Minimally Invasive Surgery
for Perihilar Cholangiocarcinoma: A Systematic Review of the Short-
and Long-Term Results. Cancers (Basel). 2023;15:3048.

Schulze M, Elsheikh Y, Boehnert MU, et al. Robotic surgery and liver
transplantation: A single-center experience of 501 robotic donor
hepatectomies. Hepatobiliary Pancreat Dis Int. 2022;21:334-339.

Troisi RI, Cho H-D, Giglio MC, et al. Robotic and laparoscopic right
lobe living donation compared to the open approach: A multicenter
study on 1194 donor hepatectomies. Liver Transpl. 2024;30:484-492.
Broering DC, Elsheikh Y, Alnemary Y, et al. Robotic Versus Open
Right Lobe Donor Hepatectomy for Adult Living Donor Liver
Transplantation: A Propensity Score-Matched Analysis. Liver Transpl.
2020;26:1455-1464.

Kim NR, Han DH, Choi GH, et al. Comparison of surgical outcomes
and learning curve for robotic versus laparoscopic living donor
hepatectomy: A retrospective cohort study. Int J Surg. 2022;108:
107000.

Varghese CT, Chandran B, Gopalakrishnan U, et al. Extended criteria
donors for robotic right hepatectomy: A propensity score matched
analysis. J Hepatobiliary Pancreat Sci. 2022;29:874-883.

Nakamura T, Tanaka K, Kiuchi T, et al. Anatomical variations and
surgical strategies in right lobe living donor liver transplantation: lessons
from 120 cases. Transplantation. 2002;73:1896-1903.

Rho SY, Lee JG, Joo DJ, et al. Outcomes of Robotic Living Donor
Right Hepatectomy From 52 Consecutive Cases: Comparison With
Open and Laparoscopy-assisted Donor Hepatectomy. Ann Surg. 2022;
275:e433-e442.

Ziogas 1A, Kakos CD, Moris DP, et al. Systematic review and meta-
analysis of open versus laparoscopy-assisted versus pure laparoscopic
versus robotic living donor hepatectomy. Liver Transpl. 2023;29:
1063-1078.

Lincango Naranjo EP, Garces-Delgado E, Siepmann T, et al. Robotic
Living Donor Right Hepatectomy: A Systematic Review and Meta-
Analysis. J Clin Med. 2022;11:2603.

Amirabdollahian F, Livatino S, Vahedi B, et al. Prevalence of haptic
feedback in robot-mediated surgery: a systematic review of literature. J
Robot Surg. 2018;12:11-25.

Selim M, Dresscher D, Abayazid M. A comprehensive review of haptic
feedback in minimally invasive robotic liver surgery: Advancements and
challenges. Int J Med Robot. 2023:€2605. doi: 10.1002/rcs.2605.

www.annalsofsurgery.com | 151

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



8L+AWAOANDMNEeAAAAVO/7IAEIDVIHSALLIAIPOOAEIEAHIOIN/AD AUMY TXOMADYO!

WXPOHISUBZIYTIo+erNIOITWNOTZTARYHLaSHA QUG Aq Alabinsjosjeuur/wod mm| sfeusnoly/:dny woly papeojumoq

¥202/LT/ZT uo

Hobeika et al

Annals of Surgery » Volume 281, Number 1, January 2025

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Cheung T-T, Liu R, Cipriani F, et al. Robotic versus laparoscopic liver
resection for huge (>10 cm) liver tumors: an international multicenter
propensity-score matched cohort study of 799 cases. Hepatobiliary Surg
Nutr. 2023;12:205-215.

Ricker AB, Davis JM, Motz BM, et al. External validation of the Japanese
difficulty score for laparoscopic hepatectomy in patients undergoing
robotic-assisted hepatectomy. Surg Endosc. 2023;37:7288-7294.

Chen JW, van Ramshorst TME, Lof S, et al. Robot-Assisted Versus
Laparoscopic Distal Pancreatectomy in Patients with Resectable
Pancreatic Cancer: An International, Retrospective, Cohort Study.
Ann Surg Oncol. 2023;30:3023-3032.

Lof S, van der Heijde N, Abuawwad M, et al. Robotic versus
laparoscopic distal pancreatectomy: multicentre analysis. Br J Surg.
2021;108:188-195.

van Bodegraven EA, van Ramshorst TME, Bratlie SO, et al. Minimally
invasive robot-assisted and laparoscopic distal pancreatectomy in a pan-
European registry a retrospective cohort study. Int J Surg. 2024;110:
3554-3561

van Hilst J, de Rooij T, Abu Hilal M, et al. Worldwide survey on
opinions and use of minimally invasive pancreatic resection. HPB
(Oxford). 2017;19:190-204.

Magge DR, Zenati MS, Hamad A, et al. Comprehensive comparative
analysis of cost-effectiveness and perioperative outcomes between open,
laparoscopic, and robotic distal pancreatectomy. HPB (Oxford). 2018;20:
1172-1180.

Poves I, Burdio F, Moratéo O, et al. Comparison of Perioperative
Outcomes Between Laparoscopic and Open Approach for Pancreato-
duodenectomy: The PADULAP Randomized Controlled Trial. Ann
Surg. 2018;268:731-739.

Palanivelu C, Senthilnathan P, Sabnis SC, et al. Randomized clinical
trial of laparoscopic versus open pancreatoduodenectomy for periam-
pullary tumours. Br J Surg. 2017;104:1443-1450.

Wang M, Li D, Chen R, et al. Laparoscopic versus open pancreato-
duodenectomy for pancreatic or periampullary tumours: a multicentre,
open-label, randomised controlled trial. Lancet Gastroenterol Hepatol.
2021;6:438-447.

Liu Q, Li M, Gao Y, et al. Effect of robotic versus open
pancreaticoduodenectomy on postoperative length of hospital stay and
complications for pancreatic head or periampullary tumours: a multi-
centre, open-label randomised controlled trial. Lancet Gastroenterol
Hepatol. 2024;9:428-437.

Magge D, Zenati M, Lutfi W, et al. Robotic pancreatoduodenectomy at
an experienced institution is not associated with an increased risk of
post-pancreatic hemorrhage. HPB (Oxford). 2018;20:448-455.

Zureikat AH, Postlewait LM, Liu Y, et al. A Multi-institutional
Comparison of Perioperative Outcomes of Robotic and Open Pancrea-
ticoduodenectomy. Ann Surg. 2016;264:640-649.

McMillan MT, Zureikat AH, Hogg ME, et al. A Propensity Score-
Matched Analysis of Robotic vs Open Pancreatoduodenectomy on
Incidence of Pancreatic Fistula. JAMA Surg. 2017;152:327-335.

Nickel F, Wise P, Miiller PC, et al. Short-term Outcomes of Robotic
Versus Open Pancreatoduodenectomy - Propensity Score-matched
Analysis. Ann Surg. 2024;279:665-670.

Emmen AMLH, de Graaf N, Khatkov IE, et al. Implementation and
outcome of minimally invasive pancreatoduodenectomy in Europe: a
registry-based retrospective study A critical appraisal of the first 3 years
of the E-MIPS registry. Int J Surg. 2024;110:2226-2233.

Zhang X-P, Xu S, Zhao Z-M, et al. Outcomes of Robotic Versus
Laparoscopic Pancreatoduodenectomy Following Learning Curves of
Surgeons: A Multicenter Study on 2255 Patients. Ann Surg. 2023. Epub
ahead of print December 11. doi:10.1097/SLA.0000000000006167

Khachfe HH, Nassour I, Hammad AY, et al. Robotic Pancreaticoduo-
denectomy: Increased Adoption and Improved Outcomes: Is Laparo-
scopy Still Justified? Ann Surg. 2023;278:¢563-¢569.

de Graaf N, Zwart MJW, van Hilst J, et al. Early experience with robotic
pancreatoduodenectomy versus open pancreatoduodenectomy: nation-
wide propensity-score-matched analysis. Br J Surg. 2024;111:znae043.

Niemann B, Rao P, Schmidt C, et al. Use of a Perfused Cadaver for
Training of Robotic Pancreaticoduodenectomy Allows for Realistic
Tissue Dissection and Management of Intra-Operative Bleeding. Ann
Surg Oncol. 2024;31:3057-3058.

Napoli N, Cacace C, Kauffmann EF, et al. The PD-ROBOSCORE: A
difficulty score for robotic pancreatoduodenectomy. Surgery. 2023;173:
1438-1446.

152 | www.annalsofsurgery.com

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

Sun H, Sun C, Zhang B, et al. Establishment and Application of a Novel
Difficulty Scoring System for da Vinci Robotic Pancreatoduodenec-
tomy. Front Surg. 2022;9:916014.

Kim H, Choi SH, Jang JY, et al. Multicenter comparison of totally
laparoscopic and totally robotic pancreaticoduodenectomy: Propensity
score and learning curve-matching analyses. J Hepatobiliary Pancreat
Sci. 2022;29:311-321.

Jin J, Shi Y, Chen M, et al. Robotic versus Open Pancreatoduodenec-
tomy for Pancreatic and Periampullary Tumors (PORTAL): a study
protocol for a multicenter phase III non-inferiority randomized
controlled trial. Trials. 2021;22:954.

Shyr B-U, Shyr B-S, Chen S-C, et al. Propensity score-matched
comparison of the oncological feasibility and survival outcomes for
pancreatic adenocarcinoma with robotic and open pancreatoduodenec-
tomy. Surg Endosc. 2022;36:1507-1514.

Beane JD, Zenati M, Hamad A, et al. Robotic pancreatoduodenectomy with
vascular resection: Outcomes and learning curve. Surgery. 2019;166:8-14.

Jin J, Yin S-M, Weng Y, et al. Robotic versus open pancreaticoduo-
denectomy with vascular resection for pancreatic ductal adenocarci-
noma: surgical and oncological outcomes from pilot experience.
Langenbecks Arch Surg. 2022;407:1489-1497.

Ocuin LM, Miller-Ocuin JL, Novak SM, et al. Robotic and open distal
pancreatectomy with celiac axis resection for locally advanced
pancreatic body tumors: a single institutional assessment of perioper-
ative outcomes and survival. HPB (Oxford). 2016;18:835-842.

Ou H, Chen M, Qin K, et al. Short-term and Long-term Outcomes of
Robotic Enucleation of Tumors Located in the Pancreatic Head and
Uncinate Process. Ann Surg. 2024. Epub ahead of print January 23.
doi:10.1097/SLA.0000000000006198

Caruso R, Vicente E, Quijano Y, et al. Case-matched analysis of robotic
versus open surgical enucleation for pancreatic tumours: A comparative
cost-effectiveness study. Int J Med Robot. 2022;18:e2425.

Tian F, Hong X-F, Wu W-M, et al. Propensity score-matched analysis
of robotic versus open surgical enucleation for small pancreatic
neuroendocrine tumours. Br J Surg. 2016;103:1358-1364.

Shi 'Y, Peng C, Shen B, et al. Pancreatic enucleation using the da Vinci robotic
surgical system: a report of 26 cases. Int J Med Robot. 2016;12:751-757.

Ielpo B, Caruso R, Duran H, et al. Robotic versus standard open
pancreatectomy: a propensity score-matched analysis comparison.
Updates Surg. 2019;71:137-144.

Jin J-B, Qin K, Li H, et al. Robotic Enucleation for Benign or
Borderline Tumours of the Pancreas: A Retrospective Analysis and
Comparison from a High-Volume Centre in Asia. World J Surg. 2016;40:
3009-3020.

Takahashi C, Shridhar R, Huston J, et al. Outcomes associated with robotic
approach to pancreatic resections. J Gastrointest Oncol. 2018;9:936-941.

Regenet N, Carrere N, Boulanger G, et al. Is the 2-cm size cutoff
relevant for small nonfunctioning pancreatic neuroendocrine tumors: A
French multicenter study. Surgery. 2016;159:901-907.

McCulloch P, Taylor I, Sasako M, et al. Randomised trials in surgery:
problems and possible solutions. BMJ. 2002;324:1448-1451.

Korrel M, Jones LR, van Hilst J, et al. Minimally invasive versus open
distal pancreatectomy for resectable pancreatic cancer (DIPLOMA): an
international randomised non-inferiority trial. Lancet Reg Health Eur.
2023;31:100673.

Ramsey SD, Willke RJ, Glick H, et al. Cost-effectiveness analysis
alongside clinical trials II-An ISPOR Good Research Practices Task
Force report. Value Health. 2015;18:161-172.

Husereau D, Drummond M, Augustovski F, et al. Consolidated Health
Economic Evaluation Reporting Standards 2022 (CHEERS 2022)
Statement: Updated Reporting Guidance for Health Economic Evalua-
tions. Value Health. 2022;25:3-9.

Lawrie L, Gillies K, Davies L, et al. Current issues and future
considerations for the wider implementation of robotic-assisted surgery:
a qualitative study. BMJ Open. 2022;12:e067427.

Lawrie L, Gillies K, Duncan E, et al. Barriers and enablers to the
effective implementation of robotic assisted surgery. PLoS One. 2022;17:
€0273696.

Vonlanthen R, Lodge P, Barkun JS, et al. Toward a Consensus on
Centralization in Surgery. Ann Surg. 2018;268:712-724.

Birken SA, Powell BJ, Presseau J, et al. Combined use of the
Consolidated Framework for Implementation Research (CFIR) and
the Theoretical Domains Framework (TDF): a systematic review.
Implement Sci. 2017;12:2.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



8L+AWAOANDMNEeAAAAVO/7IAEIDVIHSALLIAIPOOAEIEAHIOIN/AD AUMY TXOMADYO!

WXPOHISUBZIYTIo+erNIOITWNOTZTARYHLaSHA QUG Aq Alabinsjosjeuur/wod mm| sfeusnoly/:dny woly papeojumoq

¥202/LT/ZT uo

Annals of Surgery » Volume 281, Number 1, January 2025

Recommendations for Robotic HPB Surgery

207.

208.

209.

210.

211.

Paul S, McCulloch P, Sedrakyan A. Robotic surgery: revisiting “no
innovation without evaluation. BMJ. 2013;346:f1573.

Lyu H, Cooper M, Patel K, et al. Prevalence and Data Transparency of
National Clinical Registries in the United States. J Healthc Qual. 2016;
38:223-234.

Li Z, Rammohan A, Gunasekaran V, et al. Novel Benchmark for
Adult-to-Adult Living-donor Liver Transplantation: Integrating East-
ern and Western Experiences. Ann Surg. 2023;278:798-806.

Mueller M, Breuer E, Mizuno T, et al. Perihilar Cholangiocarcinoma -
Novel Benchmark Values for Surgical and Oncological Outcomes From
24 Expert Centers. Ann Surg. 2021;274:780-788.

Barkun J, Fisher W, Davidson G, et al. Research considerations in the

evaluation of minimally invasive pancreatic resection (MIPR). HPB
(Oxford). 2017;19:246-253.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

212.

213.

214.

215.

216.

Li G, Sajobi TT, Menon BK, et al. Registry-based randomized
controlled trials- what are the advantages, challenges, and areas for
future research? J Clin Epidemiol. 2016;80:16-24.

Kiyasseh D, Ma R, Haque TF, et al. A vision transformer for
decoding surgeon activity from surgical videos. Nat Biomed Eng. 2023;
7:780-796.

Viceconti M, Henney A, Morley-Fletcher E. In silico clinical trials: how
computer simulation will transform the biomedical industry. Interna-
tional Journal of Clinical Trials. 2016;3:37-46.

Pappalardo F, Russo G, Tshinanu FM, et al. In silico clinical trials:
concepts and early adoptions. Brief Bioinform. 2019;20:1699-1708.
Wedlund L, Kvedar J. Simulated trials: in silico approach adds
depth and nuance to the RCT gold-standard. NPJ Digit Med. 2021;
4:121.

www.annalsofsurgery.com | 153

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



