World J Surg (2019) 43:2710-2719
https://doi.org/10.1007/s00268-019-05111-x

t‘)

Check for
updates

Learning Curve in Laparoscopic Liver Resection, Educational
Value of Simulation and Training Programmes: A Systematic

Review

Théophile Guilbaud® - David Jérémie Birnbaum' - Stéphane Berdah' - Olivier Farges® -

Laura Beyer Berjot'

Published online: 5 August 2019
© Société Internationale de Chirurgie 2019

Abstract

Background The laparoscopic approach is widely accepted as the procedure of choice for abdominal surgery.
However, laparoscopic liver resection (LLR) has advanced slowly due to the significant learning curve (LC), and
only few publications have dealt with advanced training in LLR.

Methods Two reviewers conducted systematic research through MEDLINE and EMBASE with combinations of the
following keywords: (learning curve OR teaching OR training OR simulation OR education) AND (liver OR hepatic)
AND (laparoscopic OR laparoscopy). Robotic-assisted, hand-assisted and hybrid LLRs were excluded.

Results Nineteen studies were retrieved. Overall, the level of evidence was low. Thirteen articles assessed the LC
during real-life LLR, and six articles focussed on simulation and training programmes in LLR. The LC in minor LLR
comprised 60 cases overall, and 15 cases for standardised left lateral sectionectomy. For major LLR (MLLR), the LC
was 50 cases for most studies, but was reported to be 15-20 cases in more recent studies, provided MLLR is
performed progressively in selected patients. However, there was heterogeneity in the literature regarding the number
of minor LLRs required before MLLR, with 60 minor LLRs reported as the minimum. Six studies showed a potential
benefit of simulation and training programmes in this field. The gradual implementation of LLR combined with
simulation-based training programmes could reduce the clinical impact of LC.

Conclusions The LC in LLR is a long process, and MLLR should be gradually implemented under the supervision of

experienced surgeons. Training outside the operating room may reduce the LC in real-life situations.

Introduction

The laparoscopic approach is now widely accepted as the
procedure of choice in many abdominal surgical proce-
dures, such as colorectal surgery [l, 2]. In contrast,
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laparoscopic liver resection (LLR) has developed very
slowly due to various obstacles, which include the fol-
lowing [3]: a significant learning curve (LC), especially to
become familiar with specific devices and with liver
mobilisation and parenchymal transection techniques; the
fear of tricky haemorrhage or gas embolism; and a relative
lack of standardised procedures.

Despite these drawbacks, LLR provides several poten-
tial benefits [4, 5], including reductions in intraoperative
blood loss, transfusion rate [6], post-operative morbidity
[6], length of stay (LOS) [6] and post-operative pain [7], in
addition to parietal preservation [7], earlier resumption of
physical activity [7] and facilitation of further surgical
procedures [8].
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In 2008, these benefits led the Louisville Consensus to
conclude that laparoscopic surgery was a safe and effective
approach in the hands of expert surgeons for both hepa-
tobiliary surgery and laparoscopy [9]. However, the need
for standardisation of procedures was emphasised [9].
Several scoring systems have been created to predict LLR
difficulty, but none have gained widespread acceptance
[10-14].

The number of procedures required to overcome the LC
in LLR is currently under debate. Training in LLR requires
a long and progressive LC through performing procedures
of increasing complexity, ultimately leading to decreased
morbidity and conversion rates [4-7]. Moreover, as for any
new surgical techniques, the training of young surgeons is a
major advantage to increase the implementation of LLR.

The aims of this systematic review were to define the
LC in LLR and to identify simulation-based training pro-
grammes related to LLR.

Materials and methods

The review was planned, conducted and reported in
adherence to PRISMA standards of quality for reporting
systematic reviews and meta-analyses [15].

Study identification

We sought to include all original studies dealing with
training and the LC in LLR. LLR includes pure laparo-
scopic, hand-assisted and hybrid techniques [9]. In this
review, the LC analysis focused on studies that assessed the
pure laparoscopic approach, defined as procedures where
manual assistance and mini laparotomy for parenchymal
transection are not used. All original studies dealing with
simulation or training programmes in LLR were also
included, where simulation could be used either as a
training tool or an assessment tool.

A strategy was designed (Fig. 1) to search the MED-
LINE and EMBASE databases using the following search
terms (MeSH terms and equivalent free-text terms):
(learning curve OR teaching OR training OR simulation)
OR education) AND (liver OR hepatic) AND (laparoscopic
OR laparoscopy). No beginning cut-off date was used, and
the last date of the search was July 2, 2018. The reference
lists of all included articles were manually searched to
identify additional studies.

Exclusion criteria
Editorial letters, reviews, guidelines, technical notes and

non-English-language publications were excluded. Studies
focussed on robotic-assisted, hand-assisted and hybrid LLR

were also excluded. In studies that compared LCs in LLR
between different approaches, only data regarding the LC
in the pure laparoscopic approach were analysed.

Study selection

Two reviewers (T.G. and D.B.) independently screened all
article titles and selected studies based on the titles and/or
abstracts. Studies that met the defined inclusion criteria
were selected for review of the full-text article. If it was not
clear from the abstract whether a study fulfilled the inclu-
sion criteria, the full article was reviewed independently by
both reviewers. Any discrepancies between the two
reviewers were resolved by consensus.

Definitions

Minor LLRs were defined according to the Morioka con-
ference [4], namely resections of one to two hepatic seg-
ments according to the Couinaud classification [16],
involving the anterior and inferior segments (segments 2, 3,
4b, 5 and 6).

Major LLRs (MLLRs) were defined according to the
Louisville conference. They encompassed liver resections
with at least three hepatic segments, according to the
Couinaud classification [4], but also resections of segments
1, 4a, 7 and 8, and lesions located closed to the hepatic
hilum, hepatic veins or inferior vena cava [9].

The LC was defined as a tool to determine the number of
cases necessary to obtain a plateau of performance in a
predefined task or procedure.

Data extraction

The indicators of LLR quality and assessment of the LC in
LLR included conversion to open surgery, which is con-
ventionally used in LLR as an indicator of quality [17-21],
quantitative variables such as operative time and intraop-
erative blood loss [18, 19, 22-24], LOS [17], and qualita-
tive variables such as intraoperative pedicle clamping [18]
and post-operative morbidity [24, 25]. The extracted data
also included the number of procedures, type of LLR (i.e.
minor or major) and type of assessment tool (i.e. cumula-
tive sum [CUSUM] method [26]), among other variables.

For studies dealing with simulation-based training pro-
grammes in LLR, the following data were extracted: type
of training model used for the simulation (i.e. virtual
simulators, animals [porcine or other] or cadavers), type of
procedure evaluated (i.e. basic skills, transection of the
liver parenchyma, minor or major LLR), type of study (i.e.
randomised controlled trial, non-randomised controlled
trial, single-group pre-/post-test, case series assessing any
outcome, or descriptive studies), purpose(s) of the study
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493 potentially relevant articles identified from

Database research and screened for retrieval

419 articles excluded
248 irrelevant
88 studies about Gallbladder or biliary tract
10 studies about Pancreas
6 studies about Spleen
39 studies about Stomach or Bowel
1 study about hernia
10 in urology or gynaecology
16 reviews

1 letter to editor

74 articles retrieved for abstracts screening

44 articles excluded
25 irrelevant
14 studies about Gallbladder or biliary tract

5 reviews or guidelines

A 4

30 articles retrieved for more detailed evaluation

11 articles excluded

, 7 irrelevant
4 not original studies

19 articles appropriate for systematic review

19 articles included in systematic review
13 articles about learning curve in LLR

6 articles about simulation and training program in LLR

Fig. 1 Literature search

(i.e. training or assessment), model description (i.e. course), satisfaction of trainees, validation of a model,
description of either a procedure on a tool or a whole  transfer of skills and learning curve.
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Assessment of methodological quality

The instructions provided in the Cochrane Handbook for
Systematic Reviews of Intervention [27] and the Cochrane
Hepato-Biliary Group module [28] were followed. Given
the risk of overestimation of the effect of the intervention
in RCTs with inadequate methodological quality, the
influence of methodological quality on the results was
assessed by evaluating the reported randomisation and
follow-up procedures in each trial, including the generation
of allocation sequence, allocation concealment, blinding
and follow-up.

Results
Description of studies

We identified 493 potentially relevant articles in the data-
base search. Seventy-four articles were retrieved for
abstract screening, and 30 articles for more detailed eval-
uation. From these, we identified 19 appropriate articles for
systematic review. Overall, 13 articles assessing LC in
LLR and six articles assessing simulation-based training
programmes in LLR were included (Fig. 1).

All series assessing LC in LLR were retrospective, and
there = were no  randomised controlled trials
[17-21, 23-25, 29-33] (Table 1). Of those, 11 studies
included over 100 LLRs [17-21, 23-25, 29, 30, 33], and

seven used the CUSUM method to determine the LC
[17-20, 24, 25, 33]. Most of these studies assessed the LC
of a single expert surgeon.

No publications focused on simulation-based training
programmes in LLR were randomised controlled trials.
They were comparative studies [34, 35], descriptive case
series [36-38] or a single-group pre-/post-test study [39].

No data were deemed suitable for statistical pooling due
to the heterogeneity of the results.

Learning curve in laparoscopic liver resection

Vigano et al. [17] published the first study of the LC in
LLR based on the CUSUM method, in which the main
endpoint was the rate of conversion to open surgery. This
study included 174 LLRs (including 35 MLLRs), which
were subdivided into three consecutive groups with 58
LLRs in each: the pioneering period of experience (group
A), intermediate cases (i.e. progressive increase in MLLR,
group B) and the latest cases operated using a standardised
approach (group C). The authors concluded that 60 pro-
cedures were the necessary benchmark in the LC for minor
LLR.

Tomassini et al. [33] published the largest series
assessing the LC in pure LLR. A difficulty scale of 1 to 10
was assigned to each type of resection, and then the
CUSUM method was applied to the difficulty scale to
assess the LC in terms of conversion rate, blood loss and
operative time. A total of 275 minor LLRs and 44 MLLRs

Table 1 Studies assessing the learning curve (LC) in pure laparoscopic liver resection (LLR)

References Total no. of procedures No. of pure LLR Statistical evaluation tool
Abu Hilal et al. [31] 30 30 Comparative analysis‘jl
Vigano et al. [17] 174 157¢ CUSUM

Cai et al. [23] 365 306° Comparative analysis®
Nomi et al. [18] 173 173 CUSUM

Villani et al. [30] 150 150 Comparative analysis’
Lin et al. [24] 126 123° CUSUM

Lee et al. 19 170 170 CUSUM

Tomassini et al. [33] 319 319 CUSUM

Ratti et al. [29] 245 245 Comparative analysisd
Van der Poel et al. [20] 159 159 CUSUM

Komatsu et al. [21] 317 317 Comparative analysis®
Hasegawa et al. [25] 245 245 CUSUM

O’Connor et al. [32] 93 51°¢ Comparative analysis®

17 patients in the study were operated on via the hand-assisted approach

"Discrepancy between total number of procedures included in Methods and the number of LLR presented in Results

“Analysis of the LC in this study included only the pure laparoscopic approach: data regarding the robotic-assisted approach were excluded

9Evaluation of the LC used a comparative analysis over years of different groups of patients according to the main outcome measure
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were included. The LC was considered to be completed
after 160 procedures, with the first impact observed after 50
procedures on intraoperative blood loss.

Minor laparoscopic liver resection

Left lateral sectionectomy (LLS) is the anatomic liver
resection of choice in minor LLRs; however, LLS repre-
sents only 7% of hepatectomies [40]. A comparative
analysis found that operative time and LOS decreased
significantly after 15 LLS [31]. Seven other large studies
(Table 2) have sought to define LC for minor LLRs
[19, 21, 23-25, 29, 32]. The number of procedures neces-
sary to acquire competency in minor LLR ranged from 15
to 64 cases. This large variation can be attributed to two
factors: (1) the procedure itself differed from one study to
another (the LC of now standardised procedures, such as
LLS, seems shorter than that of a wedge resection or seg-
mentectomy) and (2) the main endpoint used to define LC.
Ratti et al. [29] collected a total of 245 LLSs performed
across four centres by experienced surgeons. In this study,
the operative time was chosen as the marker of LC. The
skewness of the operative time was calculated, and the cut-
off point for LC was determined after 15 LLSs. However,

15 LLS corresponded to the 55th overall laparoscopic
procedure in centres 2 and 4, to the 29th in centre 1, and to
the 44th in centre 3.

Most authors concluded that acquiring competency with
minor LLR is a prerequisite for more complex procedures.

Major laparoscopic liver resection

The LC in MLLR (Table 3) was assessed in six studies
[18-21, 23, 25]. Different endpoints were used to define
LC: conversion rate, operative time, blood loss, hepatic
pedicle clamping and its duration, morbidity and LOS.
Only two of these studies focused solely on MLLR
[18, 20].

Nomi et al. [18] presented the largest series, in which
the LC was determined using the CUSUM method in terms
of the operative time over three phases: phase 1 (P1), initial
(n = 45 patients); phase 2 (P2), intermediate (n = 30); and
phase 3 (P3), final (n = 98). The operative time was sig-
nificantly reduced after 45 MLLRs, but was greater in P3
than in P2, which was consistent with the surgeon per-
forming more complex procedures. As for secondary out-
comes, hepatic pedicle clamping and its duration, blood

Table 2 Studies assessing the learning curve (LC) in minor laparoscopic liver resection (LLR)

Komatsu Hasegawa O’Connor Ratti Lee [19] Lin Cai [23] Abu Hilal
[21] [25] [32] [29] [24] [31]
Total no. of LLR 317 245 51 245 170 123 306 30
Minor resections, n (%) 118 (37) 201 (82) 51 (100) 245 96 (56) 113 215 (70) 30 (100)
(100) 92)
LLS, n 118 40 NA 245 37 38 112 30
AR, n 161 NA 59 75 113
LC, n 60 64 25 15 25-35 22 3040 15
Main outcome measure
LC/conversion 60 LLS 25-30 22%
LLS
35-40
AR
LC/blood loss 12 LLS 25% 25-30 22% 43 LLS
52 AR LLS 30-35
35-40 AR
AR
LC/operative time 25° I5LLS 20-25 22¢ 30 AR 15 LLS
LLS
35-40
AR
LC/severe complication (Dindo— 25% 22%

Clavien > 3)

LLS left lateral sectionectomy, AR atypical resection (i.e. wedge resection, segmentectomy), NA no available
Studies that did not distinguish the LC according to the type of minor LLR (LLS or AR)
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Table 3 Studies assessing the learning curve (LC) in major laparoscopic liver resection (MLLR)
Komatsu [21] Hasegawa [25] Van der Poel [20] Lee [19] Nomi [18] Cai [23]
Total no. of LLR, n 317 245 159 170 173 306
MLLR, n (%) 93 (29) 44 (18) 159 (100) 74 (44) 173 (100) 91 (30)
Right hepatectomy (RH), n 57 11 105 128
Left hepatectomy (LH), n 36 13 54 37 N=280
Complex hepatectomy, n 20 8
LC 16 22 45-55 50 45-55 15-30
Main outcome measure
LC/conversion 16 LH 55 MLLR 50-55* 75 MLLR 30 LH
45 RH
LC/blood loss 22° 50-55* 45 MLLR 15LH
57 RH
LC/operative time 50-60° 45 MLLR 15LH
37 RH
LC/pedicle clamping 45 MLLR
57 RH
LC/post-operative complication (Dindo—Clavien > 2) 22%
LCl/length of hospital stay 45 MLLR

Complex hepatectomy, i.e. posterosuperior segments resection, left- or right-extended hepatectomy, central hepatectomy

Studies did not distinguish the LC according to the type of MLLR

loss, conversion rate and LOS were significantly decreased
between P1, P2 and P3.

From minor to major laparoscopic liver resection

Most studies assessing LC in MLLR recommend prelimi-
nary experience in minor LLRs, but also in performing
major hepatectomies by open surgery [19, 20]. There was
some heterogeneity in the literature regarding the number
of minor hepatectomies required before more complex
LLRs should be performed [21, 23, 25, 33].

Hasegawa et al. [25] assessed how MLLR could be
safely introduced in a series of 245 resections. Based on
previous studies, they divided the study cohort into three
phases of gradual experience. The comparative analysis
between minor LLR and MLLR showed a significant
increase in operative time, blood loss, conversion rate,
morbidity and LOS in MLLR. However, the comparative
analysis between the three phases did not show any sig-
nificant differences for these items, except for a decrease in
blood loss, which has no significant clinical relevance (60
vs. 30 mL, p = 0.02). Finally, the comparative analysis of
MLLR between phases 2 and 3 showed reduced operative
time and blood loss in phase 3.

Finally, in the study by Komatsu et al. [21], imple-
mentation of minor LLRs progressed to MLLR over a
gradual increase in experience. The conversion rate

significantly decreased after 60 LLSs. The LC was shorter
for left hepatectomy (16 procedures), and there was no LC
threshold for right hepatectomy, i.e. the last procedure
performed over time.

Simulation-based training programmes

The six included studies are summarised in Table 4. The
main training models used were the animal model and the
cadaver, with only one study assessing the relevance of an
augmented reality simulator [34]. Two studies assessed the
educational value of simulation-based training programmes
in LLR [36, 39].

Udomsawaengsup et al. [36] assessed a training pro-
gramme on cadavers. However, the only assessment was
the satisfaction of trainees, and the type of LLR was not
specified. White et al. [39] designed an intensive 2-day
course comprised of procedures on cadavers including
basic skills, LLS and laparoscopic right hepatectomy.
Thirty-two participants were involved, and again, only
participants’ feedback was analysed, with the overall rating
for teaching sessions scored as excellent in 43%, good in
32% and fair in 25% of cases.

Strickland et al. [34] assessed the construct validity of
liver tumourectomy using an augmented reality simulator
and an ex vivo lamb liver. The aim of the study was to
develop a model for the technical skills involved in LLR.
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Table 4 Simulation-based surgical training programmes in laparoscopic liver resection (LLR)

Author Training model Procedure

Study design Purpose of the

study

Xiao et al. [35] Animal model Basic skills

Komorowski et al. [38]  Animal model

Basic skills and LLS

Non-RCT

Descriptive case series

Training model

Training model

White et al. [39] Cadaver Teaching programme, basic skills, LLS Single-group pre-/post-  Satisfaction
and RH test trainees
Strickland et al. [34] Augmented reality Basic skills and division of the liver Non-RCT Training model
simulator parenchyma
Teh et al. [37] Animal model LH Descriptive case series Model
description
Udomsawaengsup et al.  Cadaver NA Descriptive case series  Satisfaction

[36]

trainees

RCT randomised controlled trial, LLS left lateral sectionectomy, RH right hepatectomy, LH left hepatectomy, NA not available

Twenty participants were included, all of whom had
varying levels of laparoscopic experience. The first task
was to identify a tumour and to assess the surrounding liver
to ensure that it was a solitary lesion. Division of the liver
parenchyma was designated as the second task. The last
tasks were the simulated control of bleeding from the liver,
either through an easy stitch or a difficult stitch at the
inferior surface of the liver. All four tasks demonstrated
construct validity according to experience for time and path
length.

Several teams have sought to identify a relevant animal
model with educational value in LLR [35, 37, 38].
Komorowski et al. [38] showed that the porcine model
provided a realistic learning environment in which expo-
sure, dissection and surgical injuries could be taught,
specified and anticipated. Teh et al. [37] assessed the fea-
sibility of LLR in a sheep model. The inflow and outflow
structures of the sheep liver were analysed via surgical
dissection and contrast studies, and then a left MLLR was
performed. The authors showed that the surgical anatomy
of sheep liver was very similar to the human liver and that
MLLR could be performed with accuracy. More recently,
implementation of a perfused ex vivo liver training model
has increased the fidelity of the animal model and simu-
lated intrahepatic bleeding [35]. This model was con-
structed using fresh lamb liver, with the portal veins
perfused with a red-dyed liquid gelatine solution. Construct
validity was assessed in 33 participants (novices, inter-
mediate and experts), who were asked to perform one
superficial stitch and one deep stitch for suture haemosta-
sis. The educational value was compared to that of a
standard box-trainer and was found to have better results.

@ Springer

Discussion

The development of new techniques, devices and stan-
dardised procedures has enabled the gradual evolution of
LLR techniques [3]. LLR has been growing in the number
of procedures performed and their complexity, with nearly
10000 cases published worldwide [41]. The consensus
meeting in Louisville in 2008 [8] reviewed the feasibility
of LLR, whereas the following meeting in Morioka in 2014
[4] focused on the comparison of laparoscopic and open
resections, demonstrating a clear role of the laparoscopic
approach in the modern era of liver surgery. Recently, the
Southampton Guidelines have presented clinical practice
guidelines designed specifically to ensure the safety of
future development of LLR [42]. As previously reported by
Brown et al. [43], the present review confirmed that a
progression in skill set and competency is required to
safely perform LLR. Competency in minor LLR is
acquired after 15 to 60 cases, whereas 20 to 60 cases are
needed to reach proficiency in MLLR, provided proficiency
has been already reached for minor LLR.

In this review, the LC parameters assessed varied quite a
bit between studies (i.e. conversion rate, blood loss, oper-
ative time or post-operative morbidity), and therefore, it
can be difficult to compare one to the other. In addition,
other parameters are also involved in acquiring compe-
tency in LLR, including training in open liver surgery, as
well as in minimally invasive surgery for other procedures,
training in ultrasound skills, and familiarisation with the
use and pitfalls of surgical energy devices and staplers.
These parameters, as well as the standardisation of proce-
dures for LLR over the years [44, 45], may explain the
discrepancies in LC observed between studies.

The Southampton Guidelines advocate that the laparo-
scopic approach should be considered as standard practice
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for lesions in the left lateral and the anterior segments and
that in expert hands, LLR for lesions located in the pos-
terosuperior segments may maintain the advantages seen in
the anterolateral segments [42]. However, in posterosupe-
rior segments, the guidelines recommend that LLR be
undertaken with caution, depending on the surgeon’s
expertise and the available technical equipment. Several
scoring systems for predicting LLR difficulty have been
created [10—14]. The 10-level difficulty index of Ban et al.
[10] was calculated by adding an applicable score for the
extent of liver resection, tumour location, liver function,
tumour size and the proximity of the tumour to major
vessels. Recently, Kawaguchi et al. [14] have aimed to
stratify the difficulty of LLR into three groups based on
objective intraoperative outcomes, comprising operative
time, blood loss and conversion rate: group I represented
the first level and included wedge resection and LLS; group
IT represented the intermediate level with anterolateral
segmentectomy and left hepatectomy; and group III rep-
resented the highly advanced level including posterosupe-
rior segmentectomy, right hepatectomy, extended
hepatectomy and central hepatectomy. This classification
was validated by assessing the post-operative outcomes,
where global and major morbidity tended to increase along
with the classification groups.

In the present review, data regarding the LC for minor
LLR and MLLR and the prerequisites for performing
MLLR were established by 11 retrospective studies, mostly
based on a single experienced surgeon rather than a team.
Such methodological choice may induce significant anal-
ysis bias. Furthermore, LC is a “moving target”, where, on
the one hand, surgeons take on more difficult cases with
increasing experience and, on the other hand, the LC may
change from the self-taught pioneer to the master/appren-
tice timeline. Recently, Halls et al. [46] have aimed to
compare the LC of the self-taught “pioneers” of LLR, who
developed their practice in the earliest stage, with those of
the “early adopters”, who received laparoscopic training
and developed their practice in the “optimisation” of
techniques stage, in order to establish whether the LC
could be reduced with specific training, technological
innovations and standardisation. Among the “pioneering”
surgeons, the LC based on LOS was 50 cases for minor
resections and 85 cases for MLLR. After 46 procedures,
the outcomes of the “early adopters” were comparable to
those achieved by the “pioneers” following 150 procedures
in similar cases. Accordingly, the Southampton Guidelines
state that supervision by experienced surgeons during LLR
is effective in reducing the LC and improving post-opera-
tive morbidity rates [42].

Simulation-based surgical training has become para-
mount over the past decade, especially in laparoscopic
surgery. Many studies have demonstrated the positive

impact of simulation on technical skills for basic laparo-
scopic procedures [47-51], and simulation-based training
programmes have shown benefits in shortening the LC of
young surgeons and reducing the number of adverse events
in the operating room (OR) [52, 53]. Simulation for com-
plex laparoscopic procedures has been assessed to a lesser
extent [54]. However, these simulations are associated with
a longer LC and are not easily accessible by young sur-
geons. Indeed, the number of complex resections in hepa-
tobiliary surgery performed by surgeons at the end of their
residency is estimated to be fewer than five procedures,
which are predominantly open surgery [55]. In colorectal
surgery, two studies have shown that simulation promoted
the participation of young surgeons in the OR without
increasing morbidity [56, 57]. In the present review, we
found that only few studies have focused on simulation-
based teaching programmes in LLR. Unfortunately, in
most of the selected studies, only the participants’ feedback
was analysed, and the overall methodological quality was
poor. Nevertheless, these studies showed encouraging
results in terms of technical skills and educational value.
The gradual introduction of LLR, combined with simula-
tion-based training programmes and supervision by expe-
rienced surgeons, could reduce the clinical impact of LC
and improve patients’ safety [58]. However, additional
well-designed studies are required to assess simulation in
LLR.

In conclusion, the LC for minor LLR is about 60 cases
and the LC for MLLR is about 50 cases, after firstly
acquiring a level of expertise in minor LLR. These data
were established by 11 retrospective studies, which were
mostly based on a single experienced surgeon rather than a
team. Future studies should assess whether the LC differs
for junior surgeons working in a team that already has
expertise in this area. In addition, initial training outside
the OR could theoretically reduce the LC. However, there
are no simulation-based training programmes in which the
educational value has been demonstrated with a high level
of scientific evidence.
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