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Abstract

Background: Laparoscopic and robotic minimally invasive liver surgery (MILS) is gaining popularity.
Recent data and views on the implementation of laparoscopic and robotic MILS throughout Europe are
lacking.

Methods: An anonymous survey consisting of 46 questions was sent to all members of the European-
African Hepato-Pancreato-Biliary Association.

Results: The survey was completed by 120 surgeons from 103 centers in 24 countries. Median annual
center volume of liver resection was 100 [IQR 50-140]. The median annual volume of MILS per center
was 30 [IQR 16-40]. For minor resections, laparoscopic MILS was used by 80 (67%) surgeons and
robotic MILS by 35 (29%) surgeons. For major resections, laparoscopic MILS was used by 74 (62%)
surgeons and robotic MILS by 33 (28%) surgeons. The majority of the surgeons stated that minimum
annual volume of MILS per center should be around 21-30 procedures/year. Of the surgeons performing
robotic surgery, 28 (70%) felt they missed specific equipment, such as a robotic-CUSA. Seventy (66%)
surgeons provided a formal MILS training to residents and fellows. In 5 years’ time, 106 (88%) surgeons
felt that MILS would have superior value as compared to open liver surgery.

Conclusion: In the participating European liver centers, MILS comprised about one third of all liver
resections and is expected to increase further. Laparoscopic MILS is still twice as common as robotic
MILS. Development of specific instruments for robotic liver parenchymal transection might further in-
crease its adoption.
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Introduction

Minimally invasive liver surgery (MILS) was first described by
Gagner et al.' in 1993 with a laparoscopic approach and by
Giulianotti et al.” in 2003 with a robotic approach. Over the last
three decades, many studies showed the benefits of laparoscopic
MILS over open liver surgery, including reduced intraoperative
blood loss, shorter hospital stay and less morbidity with equiv-
alent oncological results.” > More recently, an increasing number
of studies assessed the use of robotic MILS.”” A systematic
reported reduced
morbidity and shorter hospital stay with robotic MILS as

review of comparative cohort studies
compared to open liver surgery.® It is suggested that robotic
MILS may facilitate more difficult liver resections due to freely
articulating and angling instruments, such as resections of the
postero-superior segments or those requiring extensive hilar
dissection.”'" However, there are concerns regarding the addi-
tional costs of MILS."? Furthermore, the available randomized
evidence is limited to colorectal liver metastases, making it
difficult to extrapolate conclusions on the merits of MILS for
>!% Nonetheless, MILS is increasingly being
utilized, which makes it interesting to investigate the general

other indications.

opinions, regional variation, and needs for implementation
support, such as training. The present opinions of European liver
surgeons on the current and future practice of laparoscopic and
robotic MILS are unknown.

This survey aims to provide insights in attitudes and prospects
towards laparoscopic and robotic MILS, to investigate whether
credentialing for MILS is desired and to identify the need for a
dedicated MILS training program. These data could support
strategies to analyze and further improve outcomes, such as
adapting the prospectively collected registries, starting structured
training and proctoring programs and credentialing.

Materials and methods

Target group

The survey was sent by email to all surgeon members (N = 800)
of the European-African Hepato-Pancreato-Biliary Association
(E-AHPBA) using Google Forms Survey® (Google; Mountain
View, CA, USA). Two reminders were sent to non-responders.
Due to the anonymity of the society members, the total
number of invitees could not be retrieved. The invitation e-mail
emphasized that surgeons not performing MILS were especially
invited to participate to obtain balanced results.

Survey

The survey was conducted between May 2019 and May 2020
and consisted of 46 questions. The survey started with general
information of demographics and liver surgery experience, and
continued more specifically on experience, equipment,
training, contraindications, preferences, value, and credential-

ing of MILS. The value of MILS was defined as the overall
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usefulness of MILS and captures postoperative outcomes,
additional costs and comfort for the surgeon. In the current
survey, major MILS was defined according to consensus
agreements as any resection of three or more segments
(anatomically major) or any resection from the posteriorly or
superiorly located segments 7, 8, 4a and 1 (technically
major).'»"” The definition of Major MILS was processed in
questions and question options rather than providing a separate
paragraph elaborating the definition of major MILS to keep the
survey as concise as possible for responding surgeons. The
survey was overseen by the E-AHPBA innovation and devel-
opment committee in collaboration with the Dutch Liver
Collaborative Group and was rewarded a Blue Seal Endorse-
ment by the E-AHPBA. The E-AHPBA supports educational
and scientific activities from its members and therefore intro-
duced the “educational pyramid” (i.e. Platinum, Gold, Silver
and blue seal activities) to categorize and provide the most
suitable support for a course, meeting or clinically relevant
study project. Independent members can apply for a Blue Seal
Endorsement and will be considered for a seal of endorsement
including temporary use of the endorsement logo and 2 pro-
motional emails and social media posts for the study project.
See for the complete survey.

Statistical methods

Data were analyzed using IBM SPSS statistics for Windows
version 24 (IBM Corp, Armonk, NY, USA). Normally distributed
continuous data were presented as means and standard de-
viations (SDs). Non-normally distributed continuous data were
presented as medians and interquartile ranges (IQRs) or 95%
confidence intervals (95%CI). Categorical (binary, nominal, and
ordinal) data were presented as frequencies and percentages.
Likert-Scale ordinal data were also presented in means and
standard deviations, as this allowed more insight into the effect
size. Sensitivity analysis regarding views on future implementa-
tion was performed for overall annual volume of liver procedures
and for center type (i.e. university medical centers, university
affiliated centers, or community/independent centers). In addi-
tion, stratification (based on the median of the cohort) into total
annual volume of both open liver surgery and MILS was
performed to better understand the opinions of surgeons in
lower-volume (<100 liver resections/year) and higher-volume
centers (>100 liver resections/year). A two-tailed p value < .05
was considered statistically significant.

Results

Respondents’ characteristics

A total of 120 surgeons from 103 centers in 24 European
countries completed the survey (Fig. 1). Table 1 shows the
characteristics of the respondents. The median age of responding
surgeons was 46 years [IQR 41-54 years] with 12 years [IQR
7-21 vyears] of surgical experience as an attending general
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Figure 1 European experience with minimally invasive liver surgery

surgeon. Overall, 75 (63%) surgeons were employed at university
medical centers, 25 (21%) at university affiliated centers, and 20
(17%) at community/independent centers. The scope of surgical
practice was reported as hepato-pancreato-biliary (HPB) by 63
percent of surgeons

Liver surgery experience and practice

Fig. 2 shows the total annual center volume of liver resection and
the proportion of MILS per center. The median annual volume
of liver resection was 100 procedures [IQR 50—140 procedures]
per center. The median annual proportion of MILS was 30%
[IQR 16—40%] per center. While the 67 per cent of surgeon
indicated to perform laparoscopic MILS only, 5 surgeons (4%)
indicated to use a robotic approach only, and 35 surgeons (29%)
both approaches. Of all minor liver resections, 65% were
performed by a minimally invasive approach. Of all major liver
resections, 16% were MILS procedures. Stratification of MILS
practice into countries showed that in countries with at least 3
respondents, 77 per cent of centers adopted a combined MILS
program (Fig. 3). Table 2 summarizes the liver surgery experi-
ence and MILS practice of the responding surgeons.
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Robotic liver surgery equipment
Robotic MILS was performed by 40 of the 120 responding sur-

geons (33.3%). The predominantly used instrument for liver
parenchymal transection was a robotic bipolar device, as indi-
cated by 12 of the 40 surgeons (30%) (Fig. 4). Considering all
instruments for robotic MILS, 34 out of 40 surgeons indicated
that the predominantly used instrument was still a robotic bi-
polar device. Most of the respondents were dissatisfied with the
available robotic instruments for liver resection (n = 28). Of
these 28 respondents, 13 indicated that they would like to have a
robotic CUSA.

Preferences and opinions
When asked about the current value of MILS, 68 surgeons (57%)
stated that MILS is of superior value in comparison to open liver
surgery for both minor and major liver resections, while 35
surgeons (29%) believed MILS to be of superior value for minor
liver resections only (Table 3 and Fig. 5).

When asked about future value of MILS, 88 per cent of re-
spondents believed that in the coming years MILS would be of
superior value as compared to the open approach. In five years’
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Table 1 Respondents’ characteristics

Characteristics N = 120
Age, years 45 (40-54)2
Surgical experience as an attending surgeon, years 12 (7-21)2

Employment at type of medical center

75 (63%)°
25 (21%)°
20 (17%)°

University
University affiliated
Community/Independent

Scope of surgical practice

Hepato-pancreato-biliary surgery 76 (64%)°
Liver surgery 13 (11%)°
Surgical oncology 12 (10%)°
Gastrointestinal surgery 12 (1 0%)b
Other categories 5 (4%)°
All categories applied 2 2%)°

2 Median (interquartile range).
® Numbers (proportions).

time, the respondents expect 61-70% of liver surgery to be
performed minimally invasive, of which 21-30% robotically.
Centers performing laparoscopic MILS only and centers
performing both robotic and laparoscopic MILS demonstrated

similar views on the current and future value of MILS. However,
robotic surgeons expect an increasing implementation of MILS
in general (p = .043) and specifically robotic MILS (p < .001).

Technical concerns and contraindications

Of all technical concerns regarding MILS, operative time
(41%), risk of intraoperative bleeding (41%), and ability to
achieve RO resection (33%) were remarked most often
(Supplementary Material 1). The most mentioned benefit of
robotic MILS over laparoscopic MILS was its use for hilar
dissection (71%). The most mentioned disadvantages of ro-
botic MILS compared to laparoscopic MILS were costs (81%)
and the current available parenchymal transection instruments
(45%).

Most surgeons (67%) mentioned that contraindications for
minor MILS were limited to general contraindications for
minimally-invasive surgery, such as increased intracranial pres-
sure, abnormalities of cardiac output and pulmonary gas ex-
change. For the other surgeons (33%), the most mentioned
contraindications for minor MILS were involvement or near
involvement (<5 mm) of hilar vessels (n = 42 (35%)), and ‘large
tumor size >10 cm’ (29%).

Similarly, the 72 per cent of responding surgeons also indi-
cated general contraindications for major MILS. Additionally,

Proportion MILS of total annual volume of liver resections
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W # Laparoscopic only cases
# Both robotic and laparoscopic cases
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Centers [n = 103], ranked from high- to low volume

Figure 2 Proportion MILS of the total annual volume of liver resections per center
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4 Table 2 Surgical experience
25
] N = 120
Annual volume of liver surgery (minimally 100 (50-140)*
zo. BLaparoscopic only invasive and open) per center
[ Both robatic and Rate of MILS per center 30 (16-40)
» laparoscopic
E ERobotic only Type of minimally invasive resections
§ ) Laparoscopic 80 (67%)°
s Robotic 5 (4%)°
o
e | Both laparoscopic and robotic 35 (29%)°
§ 1°_ Use of MILS for minor and major liver resection per center
2z
] Rate of MILS in minor liver resections 66 (36-76)%
1 Rate of MILS in major liver resections 16 (6-46)°
5
1 Use of other types of MIS HPB surgery per center
] No, only open 0 (0%)°
0 No, we perform only MILS 5 (4%)°

Figure 3 Minimally invasive approach of choice per country

the most mentioned contraindications for major MILS were
involvement or near involvement (<5 mm) of hilar vessels (28%)
and ASA score >3 (25%).

Training

According to 118 respondents (98%), the minimum annual
volume of MILS including both minor and major MILS per
center should be 21-30 resections per year (Table 4). Of all re-
spondents, 78 surgeons (65%) provided a formal MILS training
to senior residents and fellows. Of surgeons who did not provide
MILS training (35%), the most reported reason was that the
surgeons had not surpassed their own learning curves (19%).
Training in MILS was reported as the most essential element for
performing minor MILS by 100 respondents (83.3), while
training in major open liver surgery was mentioned most
frequently as essential for performing major MILS (82%).

Subgroup analysis
Responses were stratified based on the lowest (<100 liver re-
sections/year) and the highest two volume quartiles (>100 liver
resections/year) centers. The median annual overall liver volume
including both open liver resection and MILS was 50 [35-70] in
the lower-volume group versus 140 [110—200] in the higher-
volume group (p < .001). Higher center volume was associated
with significantly lower use of MILS, (Rho —.266; p = .040).
Comparing centers who perform both robotic and laparo-
scopic MILS and centers who perform laparoscopic MILS only
showed a higher implementation of MILS in the centers
performing both approaches as compared to centers performing
laparoscopy only (44% vs. 32%; P = .022).

HPB 2022, 24, 322-331

Yes, MILS and minimally invasive distal 74 (62%)°

pancreatectomy

Yes, MILS and minimally invasive 40 (33%)°

pancreatoduodenectomy

Team for MILS per center

n=120
32 27%)°
46 (38%)°
36 (30%)°
6 (5%)°
n=110
16 (15%)°
25 (23%)°
67 (61%)°
2 2%)°

Minor
One surgeon with resident
One surgeon with fellow
Two surgeons
Other

Major
One surgeon with resident
One surgeon with fellow
Two surgeons

Two surgeons with resident

Abbreviations: MILS = Minimally invasive liver surgery.
@ Median (interquartile range).
® Numbers of respondents (proportions).

Discussion

This survey on views and implementation of MILS among a
group of European liver surgeons found that MILS consisted of
about one third of liver resections in participating centers and
was mostly performed laparoscopically, although the use of ro-
botic liver surgery seems to be increasing. The development of
additional choice of instruments for robotic parenchymal tran-
section might help to further increase the adoption of robotic
MILS.

Several studies have reported on implementation of MILS on a
nationwide scale.'"*' A Brazilian survey from 2016 reported
that 91% of the centers implemented MILS with the majority of
the centers having an implementation rate of less than 9%.'¢ Of
note, robotic MILS was not employed in Brazil. A nationwide
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Table 3 Preferences and opinions
All Laparoscopy Robotic p-value
N = 120 N = 82 N = 38
Overall current value of MILS compared to open liver
surgery in patients eligible for both approaches
Inferior value of MILS 3 (3%)° 2 2%)° 1 (3%)° X =1.777,
p = .620
Equivalent value of MILS 14 (12%)° 9 (11%)° 5 (13%)°
Superior value of MILS 103 (86%)° 1 (87%)° 32 (84%)°
Superior value of minor MILS, unclear for major 5 (29%)° 7 (33%)° 8 21%)°
Superior value of minor and major MILS 8 (57%)° 4 (54%)° 4 (63%)°
Overall future value of MILS compared to open liver
surgery in patients eligible for both approaches
Inferior value of MILS 0 (0%)° 0 (0%) 0 (0%) x =1.078,
p =.299
Equivalent value of MILS 15 (13%)° 12 (15%) 3 (8%)
Superior value of MILS 105 (88%)° 70 (85%) 35 (92%)
In 5 years from now, what percentage of liver resections 56 (46-66) 56 (36-66)" 66 (56-76)" .043
(minor and major combined) will be minimally invasive
In 5 years from now, what percentage of MILS (minor and 26 (16-46)" 26 (16-36)" 46 (26-56)" <.001
major combined) will be robotic
For which procedures would the robot be beneficial over
conventional laparoscopic-, or open surgery
Wedge resections/partial segment resection 8 (13%)°
Left lateral resections (S2, S3) 5 (8%)°
Resection of anterior segments (S4b, S5, S6) 8 (13%)°
Resection postero-superior segments (S4a, S7, and S8) 37 (60%)°
Central hepatectomy 32 (52%)°
Left hemihepatectomy (8° )°
Right hemihepatectomy 0 (16%)°
Trisectionectomy/extended left hemihepatectomy + hepaticojejunostomy 6 (58%)°
Trisectionectomy/extended right hemihepatectomy + hepaticojejunostomy 7 (60%)°

Abbreviations: MILS = Minimally invasive liver surgery.
2 Median (interquartile range).
® Numbers (proportions).

questionnaire study from 2017 investigated the use of liver sur-
gery in Japan and showed that 14.3% of liver surgery was
performed as MILS with all procedures being performed lapa-
roscopically.”” The Italian I GO MILS group performed a
nationwide survey among 39 centers and reported an imple-
mentation rate of 10.3% of MILS in the period 1995-2012
including 3 centers performing robotic MILS.”' The consecutive
I GO MILS Registry analysis of the period 2014—-2017 showed
that 5 more centers were started performing robotic MILS.”> Of
note, no implementation rate of MILS has been analyzed in this
study. On an international level, a survey study mentioned no
robotic MILS was performed in 448 liver centers across the world
before 2014,”" while the INSTALL-2 study showed that the
proportion of robotic MILS as part of the overall MILS practice
was 5% in the period 2014-2018.%
rate in the current study as compared to previous studies may be

The higher implementation
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explained by difference in time period and the implementation
of the Southampton guidelines in 2017 which states that MILS
should be considered as standard of care for minor liver
resections.”*

In the present study, the majority of responding surgeons felt
that training was essential for performing both minor and major
MILS. However, formal training in MILS for senior residents and
fellows was only provided by 65% of respondents. Of centers
who did not provide formal training, 55% stated to have not
completely passed their own learning curves. Therefore, 78%
reported specific training in MILS as an essential item for
performing major MILS. The learning curve for MILS can be
quite long and previous studies reported learning curves of
7—-160 procedures, partly determined by the technique used and
the outcome investigated (laparoscopic = 7—160 procedures,””
29 tobotic = 7-30 procedures”””).
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Figure 4 Robotic liver surgery equipment

The use of robotic MILS is thought to provide some advan-
tages over laparoscopic MILS for certain procedures (91%), such
as resection in postero-superior segments (60%) and extended
hemihepatectomy (~59%). However, implementation of and
experience with the robotic approach (i.e. the da Vinci system) is
limited to only 33% of our respondents. Of these, 70% was
dissatisfied with the available robotic instruments, with a wish
for an robotic CUSA as the most mentioned reason. As this study
did not assess the type of da Vinci system used (S, Si, X, Xi; with/

Opinions on the current value of MILS,
N =120

3%

12%

29%

M inferior value (both for minor and major)

Equivalent value (both for minor and major)

Superior value for minor liver surgery, unclear for major
M superior value (both for minor and major)

Figure 5 Preferences and opinions
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Robotic bipolar device

Robotic vessel sealer

The reported use of robotic

during MILS p
N =40

Cadiere forceps

Monopolar hook 9

Endo gla !

o 10 20 30 40

Number of responends reported 10 use the instrument

without robotic ultrasound, Firefly etc.), dissatisfaction with
instruments may reflect the use of older systems. We suggest that,
apart from the development of a robotic CUSA, more stan-
dardized techniques of robotic parenchymal transection need to
be defined. Moreover, 81% of respondents stated that robotic
MILS could be more expensive than laparoscopic MILS.

The COMET randomized trial compared MILS versus open
liver surgery for colorectal liver metastases and demonstrated
lower complication rates, faster recovery, cost effectiveness and

Opinions on the future value of MILS,
N =120
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Table 4 Training and credentialing
N = 120

What should be the minimal annual 21-30

center case volume for MILS

A formal training for senior 78 (65%)*

residents/fellows in
laparoscopic/robotic MILS

42 (35%)°
23 (19%)?

No formal training, reasons for

Not completely passed own
learning curve

Most residents/fellows will not 14 (12%)?

pursue a career in MILS

Other 5 (4%)?

Which items are, in your opinion, Minor Major
essential (absolutely required) for resections resections
performing minimally invasive
liver surgery, separated by type
Specific training in OPEN minor 79 (66%)” NA

liver surgery

Specific training in OPEN major NA

liver surgery
Training in minimally invasive 100 (83%)°

surgery

Specific training in minor MILS 74 (62%)° 92 (77%)?
High-volume liver surgery center 80 (67%)* 90 (75%)*
High-volume MILS center® 58 (48%)° 85 (71%)?
At least two surgeons trained in 56 (47%) 69 (58%)*

minor MILS

Multidisciplinary assessment of
patients for minor MILS

57 (48%)*

Specific accreditation in minor 9 (8%)* 21 (18%)*
MILS
Other 2 2%)? 1 (1%)°

Abbreviations: MILS = minimally invasive livers surgery; NA = Not
applicable.

2 Numbers (proportions).

® >40 MILS annually.

better quality of life in the MILS group as compared to the open
group. 33433
assessed short-term outcomes for MILS versus open liver surgery
in patients with colorectal liver metastases and showed a signif-
icantly shorter hospital stay after MILS as compared to the open
approach.” The INSTALL-2 survey found that most ‘difficult

laparoscopic MILS procedures reached the ‘assessment’ phase

Similarly, the LapOpHuva randomized trial

(IDEAL stage 3) in centers performing *100 laparoscopic MILS
annually.”’ Although more trials on the value of MILS are
needed, in the current study high-volume MILS (annual volume
>21-30 per center) was mentioned as the essential item for
performing major MILS, whereas the actual median annual
volume of MILS per center was 30 procedures/year in the current
study. In specialized MILS centers, no correlation between MILS
volume and both morbidity and mortality was found.”” In
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contrast, a nationwide retrospective cohort study showed that a
MILS volume of 24 or less procedures/year was associated with
significantly higher morbidity as compared to centers perform-
ing >24 procedures/year.’®

This survey emphasizes the need for structured and tailored
training programs in MILS on a national as well as an interna-
tional scale. Currently, such training programs are scarce, lack
uniformity, and it is unknown whether these training programs
are feasible and will lead to beneficial outcomes. In the
Netherlands, several training programs(LAELAPS-1, 2, 3)*"
for minimally invasive pancreatic surgery were shown to be
feasible and effective. Based on findings from a nationwide
analysis of the implementation and outcomes of MILS in the
Netherlands,"’ the LAELIVE training program was initiated by
the Dutch Liver Collaborative Group for both anatomically and
technically major laparoscopic MILS including detailed tech-
nique description and proctoring on-site. LAELIVE may serve as
a format for a European training program in laparoscopic and
robotic MILS similar to how LAELAPS” ~* served as a format
for the European LEARNBOT training program in minimally
pancreatic surgery [Netherlands Trial Register”
NL8898]. A step-by-step approach may be valuable to establish
an effective and sustainable MILS training program and
credentialing for MILS. Such a program could include an online
assessment, training course on the robotic system and equip-

invasive

ment, simulation training with the need to achieve a threshold
competence score, several formal case observations during which
the surgeon visits an expert liver surgical center and formal
clinical training on site with a proctor. Furthermore, as this
survey showed that one third of all liver resections was
performed by a minimally invasive approach in participating
centers, there is more need for insights in the application and
perioperative outcomes of MILS. In several countries, indepen-
dent nationwide registries have been initiated to provide insight
in daily clinical practice, quality of care and outcomes of MILS
such as the European Registry of Minimally invasive Liver Sur-
gery (E-MILS Registry). It is essential to sustain such national
and international MILS registries by encouraging the participa-
tion of all centers performing MILS, regardless of volume of
MILS performed in a center.

The outcomes of this survey should be interpreted in the light
of several limitations. First, this survey undoubtedly contains a
degree of selection bias towards centers performing MILS since all
participants performed MILS. Second, the total number of sur-
geons who actually received receiving this survey is unknown due
to the confidentiality of the members of societies. For example,
more than 20 centers perform MILS in the Netherlands, yet this
survey has 13 respondents from the Netherlands.”® Therefore, the
exact participation is unknown. Third, the 83 per cent of re-
spondents worked in a university- or university affiliated center.
We aimed to adjust for this by stratifying results for hospital
volume. While this sensitivity analysis demonstrated similar
outcomes criteria,

in both groups regarding volume
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contraindications and future perspectives on MILS volume, it also
showed a higher estimated future use of robotics by surgeons
from university affiliated hospitals. Fourth, in the current study
the cut-off value to categorize a center as lower- or higher-volume
center was 100 liver resections per year based on descriptive data
without asking responding surgeons whether they would
consider their liver surgery practice low- or high-volume. This
cut-off may be controversial since there is limited previously
published data regarding the optimal cut-off to define a high-
volume center. Further studies might be needed to reach a uni-
form definition of a high-volume liver surgical center. Fifth, both
overall annual center as well as individual annual surgeon volume
of MILS are probably relevant. However, information about in-
dividual surgeon volume was not available. These data may be
valuable to improve insights on the current practice of MILS.
In conclusion, MILS seems well implemented in Europe with
laparoscopy still being the most common approach. The current
undesirable mismatch in actual volume and stated required
volume of MILS and the lack of dedicated training programs
hampers broad implementation of MILS. Furthermore, robotic
MILS is gaining popularity for certain indications, although its
role, capabilities and costs should be further assessed. Develop-
ment of robotic instruments with an added value compared to
the current laparoscopic instruments is warranted to increase
adoption of robotic MILS. Future studies are required to
compare outcomes between laparoscopic and robotic MILS.

Acknowledgments
We would like to acknowledge all respondents and Ms. Carol Nicol for her
contribution in distributing the survey among the E-AHPBA community.

Conflict of interest
None to declare

Sources of funding for research and publication
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

References

1. Gagner M, Rheault M, Dubuc J. (1992) Laparoscopic partial hepatec-
tomy for liver tumor (Abstract). Surg Endosc 6:97-98.

2. Giulianotti PC, Coratti A, Angelini M, Sbrana F, Cecconi S, Balestracci T
et al. (2003) Robotics in general surgery: personal experience in a large
community hospital. Arch Surg. https://doi.org/10.1001/archsurg.
138.7.777.

3. Ciria R, Cherqui D, Geller DA, Briceno J, Wakabayashi G. (2016)
Comparative short-term benefits of laparoscopic liver resection: 9000
cases and climbing. Ann Surg 263:761-777. https://doi.org/10.1097/
SLA.0000000000001413.

4. Fretland AA, Dagenborg VJ, Bjgrmelv. GMW, Kazaryan AM,
Kristiansen R, Fagerland MW et al. (2018) Laparoscopic versus open
resection for colorectal liver metastases. Ann Surg 267:199-207.
https://doi.org/10.1097/SLA.0000000000002353.

5. Robles-Campos R, Lopez-Lopez V, Brusadin R, Lopez-Conesa A, Gil-
Vazquez PJ, Navarro-Barrios A et al. (2019) Open versus minimally

HPB 2022, 24, 322-331

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

. Machairas

invasive liver surgery for colorectal liver metastases (LapOpHuva): a
prospective randomized controlled trial. Surg Endosc. https://doi.org/
10.1007/s00464-019-06679-0.

N, Papaconstantinou D, Tsilimigras DI, Moris D,
Prodromidou A, Paspala A et al. (2019) Comparison between robotic
and open liver resection: a systematic review and meta-analysis of
short-term outcomes. Updates Surg 71:39-48. https://doi.org/10.1007/

s$13304-019-00629-0.

. Harminder Bhogal R, Pericleous S, Z Khan A. (2019) Robotic liver sur-

gery. Liver Disease and Surg [Working Title]. https://doi.org/10.5772/
intechopen.87995.

. Franken LC, van der Poel MJ, Latenstein AEJ, Zwart MJ, Roos E,

Busch OR et al. (2019) Minimally invasive surgery for perihilar chol-
angiocarcinoma: a systematic review. J Robot Surg. https://doi.org/
10.1007/s11701-019-00964-9.

. Nota CL, Woo Y, Raoof M, Boerner T, Molenaar 1Q, Choi GH et al. (2019)

Robotic versus open minor liver resections of the posterosuperior
segments: a multinational, propensity score-matched study. Ann Surg
Oncol 26:583-590. https://doi.org/10.1245/s10434-018-6928-1.

Nota CL, Rinkes IHB, Molenaar 1Q, van Santvoort HC, Fong Y,
Hagendoorn J. (2016) Robot-assisted laparoscopic liver resection: a
systematic review and pooled analysis of minor and major hepatec-
tomies. HPB 18:113-120. https://doi.org/10.1016/j.hpb.2015.09.003.
Nota CLMA, Molenaar 1Q, van Hillegersberg R, Borel Rinkes IHM,
Hagendoorn J. (2016) Robotic liver resection including the poster-
osuperior segments: initial experience. J Surg Res. https://doi.org/
10.1016/j.jss.2016.06.079.

Daskalaki D, Gonzalez-Heredia R, Brown M, Bianco FM, Tzvetanov I,
Davis M et al. (2017) Financial impact of the robotic approach in liver
surgery: a comparative study of clinical outcomes and costs between
the robotic and open technique in a single institution. J Laparoendosc
Adv Surg Tech 27:375-382. https://doi.org/10.1089/lap.2016.0576.
Aghayan DL, Fretland AA, Kazaryan AM, Sahakyan MA, Dagenborg VJ,
Bjornbeth BA et al. (2019) Laparoscopic versus open liver resection in
the posterosuperior segments: a sub-group Analysis from the OSLO-
COMET randomized controlled trial. HPB 21:1485-1490. https://
doi.org/10.1016/j.hpb.2019.03.358.

Buell JF, Cherqui D, Geller DA, O’Rourke N, lannitti D, Dagher | et al.
(2009) The international position on laparoscopic liver surgery. Ann Surg
250:825-830. https://doi.org/10.1097/SLA.0b013e3181b3b2d8.

Di Fabio F, Samim M, Di Gioia P, Godeseth R, Pearce NW, Abu Hilal M.
(2014) Laparoscopic major hepatectomies: clinical outcomes and
classification. World J Surg 38:3169-3174. https://doi.org/10.1007/
s00268-014-2724-7.

Fonseca GM, Jeismann VB, Kruger JAP, Coelho FF, Montagnini AL,
Herman P. (2018) Liver resection in Brazil: a national survey. Arq Bras
Cir Dig. https://doi.org/10.1590/0102-672020180001e1355.

Nitta H, Sasaki A, Otsuka Y, Tsuchiya M, Kaneko H, Wakabayashi G. (2013)
Impact of hybrid techniques on laparoscopic major hepatectomies.
J Hepatobiliary Pancreat Sci. https://doi.org/10.1007/s00534-012-0557-z.
Tsuchiya M, Otsuka Y, Tamura A, Nitta H, Sasaki A, Wakabayashi G
et al. (2009) Status of endoscopic liver surgery in Japan: a questionnaire
survey conducted by the Japanese endoscopic liver surgery study
group. J Hepatobiliary Pancreat Surg. https://doi.org/10.1007/s00534-
009-0119-1.

Takahashi Y, Katagiri S, Ariizumi SI, Kotera Y, Egawa H, Wakabayashi G
et al. (2017) Laparoscopic hepatectomy: current state in Japan based

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://refhub.elsevier.com/S1365-182X(21)01583-5/sref1
http://refhub.elsevier.com/S1365-182X(21)01583-5/sref1
https://doi.org/10.1001/archsurg.138.7.777
https://doi.org/10.1001/archsurg.138.7.777
https://doi.org/10.1097/SLA.0000000000001413
https://doi.org/10.1097/SLA.0000000000001413
https://doi.org/10.1097/SLA.0000000000002353
https://doi.org/10.1007/s00464-019-06679-0
https://doi.org/10.1007/s00464-019-06679-0
https://doi.org/10.1007/s13304-019-00629-0
https://doi.org/10.1007/s13304-019-00629-0
https://doi.org/10.5772/intechopen.87995
https://doi.org/10.5772/intechopen.87995
https://doi.org/10.1007/s11701-019-00964-9
https://doi.org/10.1007/s11701-019-00964-9
https://doi.org/10.1245/s10434-018-6928-1
https://doi.org/10.1016/j.hpb.2015.09.003
https://doi.org/10.1016/j.jss.2016.06.079
https://doi.org/10.1016/j.jss.2016.06.079
https://doi.org/10.1089/lap.2016.0576
https://doi.org/10.1016/j.hpb.2019.03.358
https://doi.org/10.1016/j.hpb.2019.03.358
https://doi.org/10.1097/SLA.0b013e3181b3b2d8
https://doi.org/10.1007/s00268-014-2724-7
https://doi.org/10.1007/s00268-014-2724-7
https://doi.org/10.1590/0102-672020180001e1355
https://doi.org/10.1007/s00534-012-0557-z
https://doi.org/10.1007/s00534-009-0119-1
https://doi.org/10.1007/s00534-009-0119-1
http://creativecommons.org/licenses/by/4.0/

HPB

331

20.

21

22

23,

24

25.

26

27.

28

29.

HPB 2022, 24, 322-331

on the 4th nationwide questionnaire. Gastroenterol Res Pract. https://
doi.org/10.1155/2017/6868745.

Hibi T, Cherqui D, Geller DA, Itano O, Kitagawa Y, Wakabayashi G.
(2014) International survey on technical aspects of laparoscopic liver
resection: a web-based study on the global diffusion of laparoscopic
liver surgery prior to the 2nd international consensus conference on
laparoscopic liver resection in iwate, Japan. J Hepato-Biliary-Pancreatic
Sci. https://doi.org/10.1002/jhbp.141.

Aldrighetti L, Belli G, Boni L, Cillo U, Ettorre G, De Carlis L et al. (2015)
Italian experience in minimally invasive liver surgery: a national survey.
Updates Surg. https://doi.org/10.1007/s13304-015-0307-2.

Aldrighetti L, Ratti F, Cillo U, Ferrero A, Ettorre GM, Guglielmi A et al.
(2017) ltalian group of minimally invasive liver surgery (I GO MILS)
(2017). Diffusion, Outcomes and Implementation of minimally invasive
liver surgery: a Snapshot from the | go MILS (ltalian Group of minimally
invasive liver surgery) Registry. Updates Surg 69:271-283. https://
doi.org/10.1007/s13304-017-0489-x.

Ibuki S, Hibi T, Tanabe M, Geller D, Cherqui D, Wakabayashi G. (2020)
Short-term outcomes of “difficult” laparoscopic liver resection at
specialized centers: report from INSTALL (international survey on
technical aspects of laparoscopic liver resection)-2 on 4478 patients.
Ann Surg. https://doi.org/10.1097/SLA.0000000000004434.

Abu Hilal M, Aldrighetti L, Dagher I, Edwin B, Troisi RI, Alikhanov R et al.
(2018) The Southampton consensus guidelines for laparoscopic liver
surgery: from indication to implementation. Ann Surg 268:11-18.
https://doi.org/10.1097/SLA.0000000000002524.

Saito Y, Yamada S, Imura S, Morine Y, Ikemoto T, lwahashi S et al.
(2018) A learning curve for laparoscopic liver resection: an effective
training system and standardization of technique. Trans/ Gastroenterol
Hepatol. https://doi.org/10.21037/tgh.2018.07.03.

Vigano L, Laurent A, Tayar C, Tomatis M, Ponti A, Cherqui D. (2009) The
learning curve in laparoscopic liver resection: improved feasibility and
reproducibility. Ann Surg. https://doi.org/10.1097/SLA.0b013e3181
bd93b2.

Tomassini F, Scuderi V, Colman R, Vivarelli M, Montalti R, Troisi RI.
(2016) The single surgeon learning curve of laparoscopic liver resection:
a continuous evolving process through stepwise difficulties. Med
(United States). https://doi.org/10.1097/MD.0000000000005138.

Halls MC, Alseidi A, Berardi G, Cipriani F, Van der Poel M, Davila D et al.
(2019) A comparison of the learning curves of laparoscopic liver sur-
geons in differing stages of the IDEAL paradigm of surgical innovation:
standing on the shoulders of pioneers. Ann Surg 269:221-228. https://
doi.org/10.1097/SLA.0000000000002996.

Chua D, Syn N, Koh Y-X, Goh BKP. (2021) Learning curves in minimally
invasive hepatectomy: systematic review and meta-regression analysis.
Br J Surg 108:351-358. https://doi.org/10.1093/bjs/znaa118.

30.

31.

32.

33.

34

35

36

37

38

39.

40.

Magistri P, Guerrini GP, Ballarin R, Assirati G, Tarantino G, Di
Benedetto F. (2019) Improving outcomes defending patient safety: the
learning journey in robotic liver resections. BioMed Res Int 2019. https://
doi.org/10.1155/2019/1835085.

Choi GH, Choi SH, Kim SH, Hwang HK, Kang CM, Choi JS et al. (2012)
Robotic liver resection: technique and results of 30 consecutive pro-
cedures. Surg Endosc. https://doi.org/10.1007/s00464-012-2168-9.
O’connor V, Vuong B, Yang ST, Difronzo A. (2017) Robotic minor
hepatectomy offers a favorable learning curve and may result in supe-
rior perioperative outcomes compared with laparoscopic approach. Am
Surg. https://doi.org/10.1177/000313481708301014.

Chen P Da, Wu CY, Hu RH, Chen CN, Yuan RH, Liang JT et al. (2017)
Robotic major hepatectomy: is there a learning curve? Surgery. https://
doi.org/10.1016/j.surg.2016.09.025.

Fretland A, Dagenborg VJ, Waaler Bjornelv GM, Aghayan DL,
Kazaryan AM, Barkhatov L et al. (2019) Quality of life from a randomized
trial of laparoscopic or open liver resection for colorectal liver metas-
tases. Br J Surg. https://doi.org/10.1002/bjs.11227.

Aghayan DL, Kazaryan AM, Dagenborg VJ, Resok BI, Fagerland MW,
Bjornelv GMW et al. (2020) Long-term oncologic outcomes after lapa-
roscopic versus open resection for colorectal liver metastases. Ann
Intern Med. https://doi.org/10.7326/m20-4011.

Vigano L, Cimino M, Aldrighetti L, Ferrero A, Cillo U, Guglielmi A et al.
(2020) Multicentre evaluation of case volume in minimally invasive
hepatectomy. Br J Surg 107:443-451. https://doi.org/10.1002/
bjs.11369.

De Rooij T, Van Hilst J, Boerma D, Bonsing BA, Daams F, Van Dam RM
et al. (2016) Impact of a nationwide training program in minimally
invasive distal pancreatectomy (LAELAPS). Ann Surg 264:754-762.
https://doi.org/10.1097/SLA.0000000000001888.

De Rooij T, van Hilst J, Topal B, Bosscha K, Brinkman DJ, Gerhards MF
et al. (2019) Outcomes of a multicenter training program in laparoscopic
pancreatoduodenectomy (LAELAPS-2). Ann Surg 269:344-350. https://
doi.org/10.1097/SLA.0000000000002563.

Zwart MJW, Nota CLM, de Rooij T, van Hilst J, te Riele WW, van
Santvoort HC et al. (2021) Outcomes of a multicenter training program
in robotic pancreatoduodenectomy (LAELAPS-3). Ann Surg. https://
doi.org/10.1097/sla.0000000000004783.

Van der Poel MJ, Fichtinger RS, Bemelmans M, Bosscha K, Braat AE,
de Boer MT et al. (2019) Implementation and outcome of minor and
major minimally invasive liver surgery in The Netherlands. HPB 21:
1734-1743. https://doi.org/10.1016/j.hpb.2019.05.002.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.
1016/j.hpb.2021.08.939.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.1155/2017/6868745
https://doi.org/10.1155/2017/6868745
https://doi.org/10.1002/jhbp.141
https://doi.org/10.1007/s13304-015-0307-2
https://doi.org/10.1007/s13304-017-0489-x
https://doi.org/10.1007/s13304-017-0489-x
https://doi.org/10.1097/SLA.0000000000004434
https://doi.org/10.1097/SLA.0000000000002524
https://doi.org/10.21037/tgh.2018.07.03
https://doi.org/10.1097/SLA.0b013e3181bd93b2
https://doi.org/10.1097/SLA.0b013e3181bd93b2
https://doi.org/10.1097/MD.0000000000005138
https://doi.org/10.1097/SLA.0000000000002996
https://doi.org/10.1097/SLA.0000000000002996
https://doi.org/10.1093/bjs/znaa118
https://doi.org/10.1155/2019/1835085
https://doi.org/10.1155/2019/1835085
https://doi.org/10.1007/s00464-012-2168-9
https://doi.org/10.1177/000313481708301014
https://doi.org/10.1016/j.surg.2016.09.025
https://doi.org/10.1016/j.surg.2016.09.025
https://doi.org/10.1002/bjs.11227
https://doi.org/10.7326/m20-4011
https://doi.org/10.1002/bjs.11369
https://doi.org/10.1002/bjs.11369
https://doi.org/10.1097/SLA.0000000000001888
https://doi.org/10.1097/SLA.0000000000002563
https://doi.org/10.1097/SLA.0000000000002563
https://doi.org/10.1097/sla.0000000000004783
https://doi.org/10.1097/sla.0000000000004783
https://doi.org/10.1016/j.hpb.2019.05.002
https://doi.org/10.1016/j.hpb.2021.08.939
https://doi.org/10.1016/j.hpb.2021.08.939
http://creativecommons.org/licenses/by/4.0/

	Pan-European survey on the implementation of robotic and laparoscopic minimally invasive liver surgery
	Introduction
	Materials and methods
	Target group
	Survey
	Statistical methods

	Results
	Respondents’ characteristics
	Liver surgery experience and practice
	Robotic liver surgery equipment
	Preferences and opinions
	Technical concerns and contraindications
	Training
	Subgroup analysis

	Discussion
	Acknowledgments
	Conflict of interest
	Sources of funding for research and publication
	References
	Appendix A. Supplementary data


