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Introduction

The use of minimally invasive liver surgery (MILS) has increased in
the last decades. Several studies have shown the benefits of
laparoscopic liver resection (LLR) on short-term outcomes
compared to conventional open surgery’~ . In addition, since its
introduction, robotic liver resection (RLR) is disseminating
across specialized centres rapidly, producing excellent results
and potentially promising further benefits in MILS*.

The introduction of MILS has been accompanied by several
consensus-based meetings and evidence-based guidelines, to
propose for careful implementation of MILS and ensuring
patient safety. The first meetings were held in 2008 in Louisville
and in 2015 in Morioka, followed by an increase in the
application and the development of specialized equipment and
techniques in MILS™®. In 2017, the first European guidelines on
LLR were developed in Southampton’. A total of 23 experts and
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seven researchers produced evidence-based guidelines on several
domains related to LLR, adhering to the combination of several
tried and tested methodologies of guideline formation. These
guidelines set the standard for the safe development
and dissemination of LLR, stressing the need for stepwise
implementation.

Evolving experience and technical advancements such as RLR
and artificial intelligence (Al) have caused a potential widening of
the indications of MILS and a further increase in the application
of minimally invasive techniques®™?. Since the Southampton
guidelines, many studies have been published on MILS, including
RCTs, large multicentre cohort studies, and meta-analyses.
Furthermore, RLR is producing promising results, resulting in an
unexpectedly rapid expansion. To ensure the safe further
expansion of MILS, in which the improvement of outcomes and
the minimization of risk are of the utmost importance, an update
and reappraisal of the Southampton guidelines after more than
seven years is necessary. Although LLR and RLR appear largely
similar, important differences in instrumentation, surgical
techniques, training programmes, and economic considerations
require separate recommendations on either approach. Herein
we present the results of the internationally validated European
guidelines meeting on minimally invasive liver surgery.

Methods
Methodological framework

To ensure evidence-based, transparent, and robust guideline
development, the SIGN 50 (Scottish Intercollegiate Guidelines
Network) was used as the methodological framework'?. Following
the SIGN 50, four stages were identified for the guidelines process:
selection of groups, domains, and topics (stage 1); literature review
and forming recommendations (stage 2); development of
consensus (stage 3); consensus meeting and external review (stage
4). The guideline process is displayed in Fig. 1.

Stage 1: selection of committees

In the first stage, five different committees were established, and
the congress chairman and steering committee selected members
based on their experience in laparoscopic, robotic, and open liver
surgery, as well as their scientific output. The steering committee
consisted of eight members and the congress chair. This
committee identified an expert committee of 37 European and
eight international experts, a validation committee of 32
members including 30 liver surgeons, a methodologist and a
patients’ representative, a jury committee of five members, and
a research committee of 18 members dedicated to research in
MILS (Appendix S1). The validation committee functioned as an
independent quality assessment organ, as it did not participate
in assessing the evidence and formulating recommendations. To
ensure transparency in the preparatory work for the meeting,
the chairman regularly updated the validation committee on
the process.

After the group selection, eight key domains for guideline
development were identified by the congress chairman and the
steering committee, which included: terminology, indications,
patient selection, procedures, surgical techniques and
instrumentation, assessment tools, training and ICES
(Implementation, Cost-Effectiveness, and Sustainability), and
Al and innovative techniques. All domains were subsequently
subdivided into 29 relevant topics, including clinical questions
on laparoscopic, robotic, and general MILS, which were created
and reviewed by the chairman and the steering committee.

Stage 2: working groups

During stage 2, the working groups of each domain conducted a
systematic literature search of the available evidence on their
topics, using online databases including PubMed, Embase, and
Cochrane. A general search term for MILS in PubMed was
created to standardize the literature search across all domains
(Appendix S2). Queries for other terms and case-series and
comparative studies including minimally invasive liver surgical
procedures could be included. General exclusion criteria across
all domains included not written in English, a sample size of
fewer than 20 patients, and patient age under 18 years old
(an exception was made for paediatric donor hepatectomies).
All studies found eligible after screening were reviewed and
summarized in summary of findings tables. Within the SIGN 50
framework, the GRADE (Grading of Recommendations,
Assessment, Development and Evaluations) methodology
was used to rate the quality of each study and assign a level
of evidence (that is ‘high’, ‘moderate’, ‘low’, ‘very low’; Appendix
S3)*1  Based on the evidence and their quality,
recommendations were formulated for each clinical question by
the experts of the working group using the summary of findings
tables and dedicated considered judgement forms (Appendix S4).
In addition to the level of evidence, all recommendations were
allotted a strength (that is ‘strong’ or ‘weak’; Appendix S5),
following the GRADE methodology. Consequently, each
recommendation was coded with a cipher and letter as follows:
‘1’ for strong recommendation, 2" for weak recommendation,
followed by ‘A’ for high level of evidence, ‘B’ for moderate level
of evidence, ‘C’ for (very) low level of evidence. Each group
delivered their final recommendations with a GRADE rating and
the summary of findings tables to the congress chairman.

Stage 3: consensus development

In stage 3, consensus was created among the expert committee
to ensure a broad base for the guidelines. In this phase the
Delphi methodology was used to ensure anonymous, unbiased
voting'®'®, Experts could vote ‘agree’ or ‘disagree’ for each
recommendation and could add a comment to each vote.
Recommendations achieving an agreement rate of 85% or higher
were approved. Those not achieving agreement were returned to
their respective working groups for revision. After revision, the
remaining recommendations were entered into a second Delphi
voting round in which the voting process was repeated. Voting
was done anonymously, and the comments on each question
were only disclosed to their respective working groups. On 1
March 2024 and 3 April 2024, the first and second Delphi
questionnaires were circulated among the experts. On 6 May
2024, prior to the official guideline meeting, a physical meeting
with the chairman, steering, expert, and research committees
was organized, in which a third and final Delphi round was held.

Stage 4: plenary in-person meeting

On 7-8 May 2024, as the fourth stage, the guidelines meeting took
place in Brescia, Italy. At the start of the plenary meeting,
professional oaths were sworn to the chairman by each
committee leader, ensuring their commitment to an unbiased
process (Appendix S6). During the two-day meeting, all
evidence-based recommendations were presented by the
domain working groups. The attending audience (consisting of
residents, fellows, or surgeons who registered for the conference
through the internationally validated European guidelines on
minimally invasive liver surgery (IEGUMILS) website, as well as
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Fig. 1 Guideline flowchart

the expert and research committee members) voted ‘agree’ or
‘disagree’ using a digital voting device. The validation
committee assessed the guideline process and quality for each
topic according to the AGREE II-GRS instrument®™* (Appendix

S7). In private meetings after every two domain presentations,
the  validation  committee  further  discussed  the
recommendations to propose alterations or mergers and
subsequently assessed the English language quality. A separate

G20z aunr gz uo 3senb Aq 081/ L 8/€ 1 Lyeuz/9/g | | /a|o1ue/slg/wod dno-olwapese//:sdiy woly papeojumod


http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf113#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf113#supplementary-data

Abu Hilaletal. | 5

Clinical questions

A

Generate search terms

A

Literature search of online
databases
(Cochrane, Embase,
PubMed, Google Scholar, etc.)

Search results

Excluded studies
Not written in English

A

Summary of findings total n = 2023

Domain1: n=0

Domain 2: n = 646
Domain 3: n =192
Domain 4: n = 134
Domain 5: n = 590
Domain 6: n = 101
Domain 7: n = 153
Domain 8: n = 207

Fig. 2 Literature search

jury committee consisted of validation committee members who
were selected to validate and review the public voting process,
evaluate and oversee the interaction between the expert and
validation committee, and guarantee that the methodology was
correctly followed. This jury completed a specifically designed
form (Appendix S8) after each meeting day to assess quality
aspects of the guidelines’ development process.

After the two-day meeting, the validation committee presented
a report of their suggestions for adjustments or eliminations
during a dedicated online meeting on 29 July 2024. All experts,
researchers, and attendees of the IEGUMILS guidelines meeting
were invited to attend and revote on the recommendations
revised by the validation committee and those that initially did
not achieve an audience agreement rate of 85%. All other
adjustments and suggestions were reviewed and accepted by
the chairman, steering committee, and expert committee.

Results

The eight domains were subdivided into 29 topics. Each domain was
assigned a working group consisting of between six and 12 experts,
assisted by five or six researchers. The steering committee initially
formulated 181 clinical questions: 75 on laparoscopic, 78 on
robotic, and 28 on general MILS. In the guidelines process, 137

» Case reports
Not in humans
Sample size <20 patients

evidence-based recommendations were established: 44 for
laparoscopic, 46 for robotic, 20 for combined laparoscopic and
robotic, and 27 for general MILS. A flowchart of the literature
search is shown in Fig. 2. The complete set of laparoscopic,
robotic, and general clinical questions, recommendations and
GRADE rating per domain and topic is provided in Tables S1-8.
Expert and audience agreement rates, topic quality scores,
comments, and literature are provided in Table S9.

Domain 1: terminology

Indomain 1, 11 definitions were established for the different types
of minimally invasive surgical approaches, combined approaches,
and conversions. The new set of agreed definitions of surgical
approaches is shown in Table 1. Fully laparoscopic and robotic
approaches are named ‘laparoscopic’ and ‘robotic’ respectively.
The terminology for combined procedures contains both
approaches, that is ‘combined robotic laparoscopic surgery’. The
recommendations are shown in Table S1.

Domain 2: indications

In the domain ‘indications’, 18 recommendations were made on
the various indications for MILS, including both malign and
benign tumours, as well as living donor hepatectomies. Key
recommendations for laparoscopic surgery are as follows: ‘LLR
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Table 1 Terminology in MILS

Terminology MILS

There is no definition for ‘laparoscopic assisted’
Laparoscopic surgery (LS)
Robotic surgery (RS)

The procedure is fully performed through laparoscopic ports.
The entire procedure is performed robotically. One or two assistant ports are permitted to assist the

robotic procedure. The term is considered equivalent to robot-assisted surgery (RAS).

Combined robotic laparoscopic surgery
(CRLS)

The procedure is performed through 4 robotic ports and 1 or more laparoscopic ports. The assistant
is performing part of the surgery laparoscopically, beyond simply assisting the surgeon on the

robotic console. Examples are when the bedside surgeon is using cavitronic ultrasonic surgical

aspirator or energy devices.
The procedure is performed through laparoscopic ports and an auxiliary hand port. The procedure
is performed laparoscopically, and one surgeon’s hand is placed through the hand port and

Hand-assisted laparoscopy surgery
(HALS)

mostly used for retraction and palpation.

Hand-assisted robotic surgery (HARS)

The procedure is performed under robotic assistance and through robotic. An auxiliary hand portis

also used. The procedure is performed robotically, and one surgeon’s hand is placed through the
hand port and mostly used for retraction and palpation.

Single-incision laparoscopic surgery

The procedure is performed through a single incision using either standard or specific laparoscopic

(SILS) instruments. The use of an additional laparoscopic port (up to 5 mm) is permitted under the
definition of single-incision laparoscopic liver surgery.

Single port robotic surgery (SPRS)

The procedure is performed through a single port using either standard or specific robotic

instruments. The use of a laparoscopic port (up to 5 mm) is permitted under the definition of
single-port robotic liver surgery.

Combined laparoscopic-open surgery
(CLOS)*

A combined laparoscopic/open procedure, including a planned mini laparotomy that is performed
for reasons different from specimen extraction.

Combined robotic-open surgery (CROS)* A combined robotic/open procedure, including a planned mini laparotomy that is performed for
reasons different from specimen extraction.

Transthoracic and/or
transdiaphragmatic approach

A minimally invasive procedure performed through the chest.

It is recommended that the new terminology should replace these terms. *Often these combined approaches were defined as ‘hybrid’ in prior publications.

should be considered as a valid alternative approach to open
surgery in the management of colorectal liver metastases
(CRLM)’ (1A) and ‘When feasible, LLR should be preferred to
open surgery in the management of hepatocellular carcinoma
(HCC)' (1B). Key recommendations for robotic surgery are as
follows: ‘RLR offers similar short- and long-term results to LLR
in the management of CRLM when performed in centres with
adequate experience and expertise’ (2B) and ‘RLR for HCC is as
safe and feasible as conventional open and laparoscopic
approaches, offering comparable surgical and oncological
outcomes in selected patients when performed in centres with
adequate experience and expertise’ (2B). The full set of
recommendations, including those on other indications for liver
resection, is shown in Table S2.

Domain 3: patient selection

In the domain ‘patient selection’, 21 recommendations were
made on the safety and feasibility of MILS in different patient
groups, including high-risk patients and patients undergoing
technically complex resections. Patient age should not be
considered a contraindication for both LLR (1B) and RLR (1C).
Likewise, obesity should not be considered a contraindication
for LLR (1B), but insufficient data were available regarding
obese patients undergoing RLR. Key recommendations in
this domain regard patients with cirrhosis: ‘LLR is indicated
in patients with Child-Pugh A and is associated with some
advantages compared to open resection, including less

liver-specific complications. Pushing boundaries beyond Child-
Pugh A still needs further evidence’ (1A) and ‘RLR is indicated
in patients with Child-Pugh A and is associated with some
advantages compared to open resection, including less
liver-specific complications. Pushing boundaries beyond Child-
Pugh A still needs further evidence’ (1C). The full set of
recommendations is shown in Table S3.

Domain 4: procedures

In the domain ‘procedures’, 9 recommendations were made on the
application of MILS in minor, technically major, and major liver
resections, as well as on anatomical and parenchyma-sparing
liver resections. Key recommendations in this domain refer to
laparoscopic minor and major liver resection: ‘LLR is safe for
minor liver resections and a minimally invasive approach should
be the preferred approach in the anterolateral segments’ (1B) and
‘LLR for right or left hemihepatectomy is technically feasible and
safe in terms of morbidity and oncological outcomes’ (1B). The
full set of recommendations is shown in Table S4.

Domain 5: surgical techniques and
instrumentation

In the domain ‘surgical techniques and instrumentation’, 20
recommendations were produced on techniques, tips and tricks,
and instruments used specifically in MILS. The strongest
recommendations in this domain regard the use of
intraoperative ultrasound during liver resection: ‘Laparoscopic
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ultrasound should be available and considered in every case of
LLR and RLR. Surgeons should be experienced in knowing the
indications, performing and interpreting intra-operative
ultrasound’ (1A and 1C for LLR and RLR respectively). The
recommendations are shown in Table S5.

Domain 6: assessment tools

In the domain ‘assessment tools’, four recommendations were
produced on suitable outcome measurements of MILS, including
clinical outcomes, composite outcomes, and patient reported
outcomes (PROMs). The following recommendation was made for
both LLR and RLR: ‘Intraoperative blood loss, operative time and
hospital stay (days), conversion rate, RO/R1 resection rates and
short-term clinical outcomes (mortality, overall complication rate,
major complication rate (>grade 2 according to the Clavien-Dindo
Classification), the Comprehensive Complication Index (CCI),
failure to rescue rate each for 30 and 90 days after surgery) should
be the core parameters in the assessment of LLR and RLR’ (1B).
Additionally, the validation committee added a second statement
regarding RLR: ‘Total costs should be defined as core in the
assessment of RLR’ (1B), in recognition of both the direct and
indirect costs involved with RLR. The full set of recommendations
is shown in Table S6.

Domain 7: training and implementation,
cost-effectiveness, and sustainability

In the domain ‘training and ICES’, 19 recommendations were
produced on the requirements of training programmes for
surgeons performing MILS, and of the surgical centres in which
MILS is being performed. It is recommended that ‘implementing
structured training programmes with a step-up mastery
progression is crucial in LLR and RLR, where advancement to the
next phase is contingent upon mastery’ (1C), and that ‘surgeons
intending to start an LLR or RLR practice should first pursue
training through fellowships, courses, and a proctoring programme’
(1C). Two additional RLR recommendations were added:
‘Undertaking major robotic hepatectomy without sufficient RLR
experience is strongly discouraged. The learning curve typically
involves a minimum of 25 robotic minor hepatectomies’ (1C) and
‘LLR experience is not essential prior to starting RLR; however, it
may reduce the learning curve’ (1C). A strong recommendation was
made that ‘LLR should be adopted in all liver surgery centres and
offered to patients with the appropriate indications according to
the local level of proficiency’ (1A). In addition, recommendations on
cost-effectiveness and sustainability were produced here. In
summary, ‘the higher operative costs in LLR are offset by lower
hospitalization costs (due to shorter hospital stay and less overall
complications) compared to open liver resection, leading to no
statistically significant difference in total costs in an RCT and a
systematic review with economic analysis’ (1A). Given the limited
data regarding the overall costs of RLR in comparison to the open
approach, no definitive recommendations on the cost-effectiveness
of RLR can be made. However, ‘Extended life programmes for
robotic instruments and increased competition in the market
should be encouraged to decrease costs for RLR’ (2C). The full set of
recommendations is shown in Table S7.

Domain 8: artificial intelligence and innovative
techniques

In the domain ‘artificial intelligence and innovative techniques’,
no validated recommendations were produced, due to very
limited evidence and strong disagreement in the audience.

Statements regarding the state of the art of Al and innovative
techniques, as well as future requirements in research, are
listed in Table S8.

Discussion

The development of the IEGUMILS evidence-based guidelines
followed stringent methodology and was overseen by
established European and international experts and researchers
in the field of minimally invasive and open liver surgery. These
combined efforts have culminated in the production of 137
recommendations: 44 on laparoscopic, 46 on robotic, 20 on
combined laparoscopic and robotic, and 27 on general MILS.

In the IEGUMILS guidelines, both LLR and RLR are considered
indicated for the treatment of selected patients with (N)CLRM,
HCC, intrahepatic cholangiocarcinoma, and benign liver tumours,
and liver resections in the setting of living donor hepatectomy.
This is remarkable because no previous guideline has clearly
established the position of both LLR and RLR in the surgical
treatment of all these indications simultaneously. The learning
curve in minimally invasive surgery is recognized by the general
addition to the recommendations that surgeons with adequate
experience and expertise should perform MILS. Furthermore,
surgeons who have undergone the correct training and have
passed the learning curve are encouraged to perform major MILS,
as well as complex resections in the posterosuperior segments or
in complex groups of elderly and obese patients. These guidelines
underline the trend towards a minimally invasive approach in
liver surgery, striving for the best perioperative outcomes for
patients, without sacrificing technical efficiency.

An important nuance regarding the widening of indications of
MILS is that patient selection is crucial in MILS. Although these
guidelines consider MILS indicated in almost all settings of liver
disease, they do not render the open approach obsolete. An
important concept in the interpretation and application of these
guidelines is that the choice of surgical approach should depend
on the skill and experience of the surgeon, not what is considered
technically feasible in the literature. Weak recommendations
based on low level of evidence serve more as an encouragement
for those who have had proper training and are adequately
experienced to push forward the boundaries of MILS. A controlled
and safe setting is essential for this purpose. The
recommendations by the IEGUMILS faculty do not authorize the
careless application of minimally invasive techniques for the sake
of experimentation but do in fact condemn it. The phrase
‘adequate experience and expert’ added to many statements
might seem abstract at first but implies a responsible attitude
towards applying MILS and recognizes the importance of proper
training and practice. Hence, patient selection remains a vital
aspect in MILS. The choice of surgical approach must consider the
patient’s condition, the tumour’s characteristics, the extent of the
resection, and the surgeon’s experience.

Compared to the Southampton guidelines, three new domains
were added: terminology, outcome measurement and assessment
tools, and artificial intelligence and innovative techniques. These
added domains reflect the requirements of the MILS community,
as well as the topics that recent research in MILS has covered.
First, the use of uniform, intermationally accepted terminology is
essential in both clinical care and scientific research. The Brisbane
2000 terminology of liver resection determined that terminology
should be: (linguistically) correct, consistent, self-explanatory,
translatable, and precise’®. Despite this universally accepted
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terminology on types of liver resection, there is a large variety on
terminology of the minimally invasive approach. This variety is
seen mostly in RLR and might be partly because surgeons use the
robot in different ways during MILS—some performing the entire
procedure with the robot, whereas others use the robot only for
specific phases, or have the assistant perform certain manoeuvres
with laparoscopic instruments. Consequently, several terms are
used interchangeably in current literature, including ‘robotic’,
‘robot-assisted’, ‘robolap’, and ‘hybrid’. The IEGUMILS guidelines
meeting has now produced a comprehensive set of definitions
on laparoscopic, hand-assisted, robotic, and thoracoscopic
approaches, which have been debated over and agreed on by the
faculty experts and the public. Notably, the term ‘robotic’ should
be used to indicate fully robotic procedures, in which one or two
laparoscopic ports are allowed to assist the surgeon. When a
robotic procedure is partly performed by laparoscopy, the term
‘combined robotic laparoscopic surgery (CRLS)' should be used.
This new terminology attempts to standardize reporting and
provide a uniform system that can be used to better classify
resections and compare outcomes.

Core outcome parameters were determined and are
recommended to be used in reporting and registration of MILS.
They include conventional perioperative and long-term survival
outcomes, PROMs, and cost-effectiveness outcomes, which are
recommended to better analyse the performance of minimally
invasive approaches. Especially the measurement and reporting
of total cost in RLR was considered an important parameter to
be added to research of cost-effectiveness of MILS. In addition,
composite outcome measures, including textbook outcome are
recommended in outcome measurement of MILS, as well as
benchmarking. This standardized outcome measurement is
crucial to facilitate scientific research and facilitate the safe and
efficient onward expansion of MILS.

The many recent technological innovations and the adoption of Al
in liver surgery was covered in the last domain of [IEGUMILS. Some of
these techniques (thatisindocyanine green) have established a place
in routine practice, whereas others (including 3D reconstruction,
automatic segmentation, and autonomous actions) are still
considered experimental. Most of these innovative techniques are
currently in their infancy, and their routine use cannot yet be
recommended. Although promising results are being published on
the use of Al the level of evidence is generally very low. This final
domain resulted in strong discussions among the faculty and
public, and the general consensus was that it is too early to
formulate evidence-based guidelines on this topic. Therefore,
domain 8 was not validated by the validation committee. In
recognition of the future prospects of Al and innovative
techniques, the results of these discussions and general statements
were included in the guidelines. The faculty of the IEGUMILS
strongly feels that the future development of MILS will be
parallelled and supported by these technical and digital innovations.

A more general but important finding of the IEGUMILS guidelines
is that despite the scientific research on MILS, the level of evidence of
many recommendations is relatively low. Moreover, in several
domains, the evidence is limited to small case series or no evidence
(classified as ‘very low’). These recommendations should be
interpreted carefully, because clinical decision-making should
primarily be evidence-based. However, despite the low level of
evidence, a recommendation can nonetheless be strong. A good
example is that even though no studies can be performed
on haemodynamically unstable patients due to massive
intra-abdominal haemorrhage, every surgeon would recommend
performing an emergency conversion. In this case, the experts felt

that although good-quality evidence was lacking, a strong
recommendation could nevertheless be made. The objective here
was to produce a practical guideline for the entire MILS
community, not just a summary of all available literature.
Guidelines are vital to the safe development and innovation of liver
surgery®”. In addition, IEGUMILS has identified important research
gaps for future studies to focus on. These include the application of
LLR and RIR in more extreme settings (that is second stage
hepatectomy, or biliary/vascular reconstruction), cost-effectiveness
of RLR, sustainability initiatives, and the application of artificial
intelligence in liver surgery. In addition, future research should
focus on laparoscopic versus robotic liver resection, not necessarily
to investigate superiority, but rather to identify patients more
suited to either laparoscopic or robotic resection. We are convinced
that the laparoscopic and robotic approach should complement
each other in contemporary and future MILS to achieve the best
outcomes for patients. Selecting the right approach for the right
patient should be a major theme in future research.

Conclusion

The 2024 IEGUMILS meeting in Brescia resulted in 137
evidence-based recommendations on laparoscopic and robotic
liver surgery, established by a group of recognized international
and European experts in the minimally invasive and open liver
surgery field. The Brescia guidelines provide the most up-to-date
evidence and can provide evidence-based guidance to liver
surgeons, policy makers, and patients.
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