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ABSTRACT

Background:

Uncontrolled introduction of laparoscopic liver surgery (LLS) could compromise postopera-
tive outcomes. A stepwise introduction of LLS combined with structured training is advised. 
This study aimed to evaluate the impact of such a stepwise introduction.

Methods:

A retrospective, single-center case series assessing short term outcomes of all consecutive 
LLS in the period November 2006–January 2017. The technique was implemented in a step-
wise fashion. To evaluate the impact of this stepwise approach combined with structured 
training, outcomes of LLS before and after a laparoscopic HPB fellowship were compared.

Results:

A total of 135 laparoscopic resections were performed. Overall conversion rate was 4% (n = 
5), clinically relevant complication rate 13% (n = 18) and mortality 0.7% (n = 1). A significant 
increase in patients with major LLS, multiple liver resections, previous abdominal surgery, 
malignancies and lesions located in posterior segments was observed after the fellowship 
as well as a decrease in the use of hand-assistance. Increasing complexity in the post fellow-
ship period was reflected by an increase in operating times, but without comprising other 
surgical outcomes.

Conclusion:

A stepwise introduction of LLS combined with structured training reduced the clinical impact 
of the learning curve, thereby confirming guideline recommendations.
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INTRODuCTION

Laparoscopic liver surgery (LLS) had a relatively slow start due to initial concerns about 
bleeding, gas embolism, increased complications during the early phases of the learning 
curve and the ability to perform adequate radical oncological resections. Through the pio-
neering work of high-volume, expert centers, an increasing body of evidence has emerged 
in recent years confirming the possible advantages of LLS.[1-9] Benefits of LLS include less 
intraoperative blood loss, less postoperative complications, decreased need for analgesics, 
faster functional recovery, shorter postoperative stay, and a cosmetic benefit.[1-9] In addi-
tion, some studies have demonstrated the cost-effectiveness of LLS [10-12], thus resulting 
in benefits for both individual patients and healthcare institutions. These promising results 
have promptly increased the interest in LLS worldwide [1,2] and the first randomized con-
trolled trials of laparoscopic vs. open liver surgery have been performed.[13,14]

Despite these promising results, LLS remains challenging and should not be started with-
out appropriate training and acquired surgical skills. During the 2015 Morioka consensus 
meeting[15] and more recently during the 2017 European guideline meeting on LLS in 
Southampton (EGMLLS) the importance of structured implementation plans, providing edu-
cation and a stepwise introduction of LLS, was stressed. Starting with minor resections and 
gaining experience along the way, surgeons can eventually begin to take on more difficult 
procedures such as hemihepactectomies. The results of such an approach and its effect on 
the learning curve have not been specifically addressed before and could further encourage 
surgeons to implement LLS into their center.

The aim of this study was to present the results of a single center that followed a stepwise 
approach in setting up a LLS practice, including structured training, with assessment of a 
potential learning curve effect on short-term postoperative outcomes.

METHODS

Patients

In a retrospective case series, all consecutive patients undergoing LLS for any indication 
between November 2006 and January 2017 in the Academic Medical Center (AMC) in Am-
sterdam were evaluated. No LLS was performed prior to November 2006. All primary LLS or 
combined laparoscopic colorectal and liver resections were included.

Prior to surgery, all patients were discussed in a multidisciplinary team (MDT) meeting 
with HPB surgeons, radiologists, gastroenterologists, hepatologists, medical oncologists and 
pathologists. The surgical indication was established independently of the decision regard-
ing the surgical approach, which was made later considering a number of factors including 
the available experience and skill. Initially, only minor resections, defined according to the 
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Louisville consensus meeting in 2008 [16], were considered candidates for the laparoscopic 
approach whilst major LLS procedures were only considered after experience and skills were 
obtained by performing minor LLS and one surgeon (MB) had completed an eight month 
fellowship in laparoscopic HPB surgery in 2013.

In addition, complex resections such as those of large lesions or lesions in close proximity 
to major vascular structures were not considered during the early stages. Attention was 
paid during the MDT meetings to patient- and tumor characteristics (e.g. tumor location, 
obesity) that could increase the difficulty of the operation, in order to select the patients 
most suitable for LLS, especially during the early stages.

Outcomes

Baseline patient- and procedure characteristics included patient demographics, body mass 
index (BMI, kg/m2), American Society of Anaesthesiology (ASA) classification, liver cirrhosis, 
previous abdominal surgery, previous liver resection, simultaneous colorectal resection, 
tumor pathology (benign/malignant), extent of resection (minor/major/technically major 
[17]), type of resection, hand–assistance, multiple simultaneous liver resections and 
approach to liver resection (one-stage only, one-stage + radio frequency ablation (RFA), 
two-stage without portal vein embolization (PVE) and two-stage with PVE. Intra- and post-
operative outcomes included operative time (mins), intraoperative blood loss (ml), blood 
transfusion, conversion, resection margins (margin negative (R0) or margin involved (R1)), 
length of postoperative hospital stay (days), clinically relevant complication rate (defined as 
Clavien-Dindo score 3 or higher) [18] and mortality (defined as death related to liver and/or 
colorectal complications within 90 days after surgery or within hospital stay).

Surgical experience

All resections were performed or supervised by one or two out of three liver surgeons (OB, 
PT and MB), all of whom had completed a fellowship in open liver surgery, had experience 
in advanced laparoscopic gastrointestinal surgery (defined here as anything beyond laparo-
scopic cholecystectomy, appendectomy or hernia repair surgery) and had taken at least two 
hands-on courses on minor LLR. OB had ten years of experience in open liver surgery and 
advanced laparoscopic gastrointestinal procedures after his fellowship. PT and MB each had 
two years of experience after their fellowship including advanced laparoscopic gastrointes-
tinal procedures. OB started with LLS in 2006, PT in 2010 and MB in 2012. MB completed a 
fellowship in laparoscopic HPB surgery (Jan-Aug 2013; University Hospital Southampton NHS 
Foundation Trust).

Surgical technique

A standardized approach was used. Patients were placed in a supine position with legs apart 
and if required on a beanbag. After placement of 3-5 trocars, parenchymal dissection was 
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performed with ultrasonic shears (Harmonic Ace®; Ethicon Endo-Surgery, Cincinnati, OH, 
USA) and, for larger/posterior lesions or resections, laparoscopic cavitron ultrasonic surgical 
aspirator (CUSA) (Valleylab, Boulder, CO, USA). For left lateral sectionectomy, only ultrasonic 
shears and endostaplers were used. Rarely, for posterior lesions, a handport was used (n=4). 
Specimens were extracted in a plastic endoscopic bag (Endocatch; Ethicon Endo-Surgery, 
Cincinnati, OH, USA) via a Pfannenstiel incision or, in case of lesions <3cm, through a widened 
trocar incision. Pringle manoeuvre was applied for laparoscopic major procedures, including 
posterior metastasectomies and larger, atypical metastasectomies. For metastasectomies 
the ‘diamond technique’ was preferred.[19] All laparoscopic hemihepatectomies and laparo-
scopic resections involving segment 7 were performed by a team of two surgeons (MB, PT).

Statistical analysis

Data analysis was performed using IBM SPSS Statistics for Windows version 23.0 (IBM corp., 
Armonk, NY, USA). To evaluate the stepwise approach and its impact on the learning curve, 
the cohort was divided into two groups: before (group A) and after (group B) a dedicated 
fellowship in major laparoscopic HPB surgery. Continuous non-parametric variables were 
reported as median with interquartile range (IQR). A Mann Whitney U test was used to 
compare continuous variables between the groups. Categorical variables were reported as 
proportions and compared between groups using chi-square test or Fisher’s exact test as 
appropriate. A two-tailed p value of <0.05 was considered statistically significant.

RESuLTS

Between November 2006 and January 2017, 135 LLS were performed in 132 patients (one 
patient underwent two procedures and one underwent three). During this period, the per-
centage of liver resections performed laparoscopically increased from 2% in 2006 to 37% in 
2016 (p <0.001) (Fig.1).

Baseline patient and procedure characteristics are shown in table 1 and 2 respectively. Of 
all resections, 100 (74%) were for malignant disease, mostly CRLM (n=58) and HCC (n=27). 
Operations were performed by combinations of two surgeons in 33% (n=45) of procedures.

Perioperative outcomes are shown in table 3. Conversion to an open procedure occurred 
in 5 patients (4%) for the following reasons: bleeding (n=2), inadequate access to the le-
sions (n=2) and concern about oncological efficiency (n=1). Clinically relevant postoperative 
complications occurred in 18 patients (13%), including biloma/abscess requiring drainage 
(5%, n=7) and anastomotic leak in combined laparoscopic colorectal procedures (15%, n=4) 
as the most frequently observed complications. One patient died of decompensating liver 
cirrhosis with hepatorenal syndrome after hand-assisted resection of HCC from segment 8, 
resulting in a 0.7% mortality rate.



CHAPTER 7

120

Sensitivity analysis

Outcomes did not change when major LLS was excluded from the analysis (data not shown).

Figure 1. Number of open and laparoscopic liver resections through the years.

Table 1 Patient characteristics

Overall (n=135) Group A (n=52) Group B (n=83) P

Age, years (IQR) 59 (46-67) 56 (40-66) 61 (47-71) 0.276a

Gender, males, n (%) 75 (56%) 28 (54%) 47 (57%) 0.859b

BMI, kg/m2 (IQR) 26 (23-29) 26 (24-30) 26 (23-29) 0.947a

ASA score (%) 0.887c

- ASA I 27 (20%) 12 (23%) 15 (18%)

- ASA II 84 (62%) 31 (60%) 53 (64%)

- ASA III 22 (16%) 8 (15%) 14 (17%)

- ASA IV 2 (2%) 1 (2%) 1 (1%)

Liver cirrhosis, n (%) 21 (16%) 9 (17%) 12 (15%) 0.808b

Previous abdominal surgery, n (%) 63 (47%) 12 (23%) 51 (61%) <0.001b

Simultaneous colorectal surgery, n (%) 26 (19%) 8 (15%) 18 (22%) 0.263b

Previous liver resection, n (%) 6 (4%) 3 (6%) 3 (4%) 0.676c

Malignancy, n (%) 100 (74%) 32 (62%) 68 (82%) 0.010b

Lesion size, cm (IQR) 3 (1.8-5.5) 4 (2-5.9) 2.5 (1.9-5) 0.055a

Tumor location, n (%) 0.008b

- Anterior/left lateral segments (2,3,4b,5,6) 96 (71%) 45 (87%) 51 (61%)

- Posterior/superior segments (4a,7,8,1) 34 (25%) 7 (14%) 27 (33%)

IQR = interquartile range, a Independent Samples Test, b Chi-square test, c Fisher’s exact test
Group A = before fellowship in laparoscopic HPB surgery, group B = after fellowship
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DISCuSSION

This single-center, retrospective study confirms the guideline recommendations that a 
stepwise introduction of LLS combined with specific surgical training and mentoring is a 

Table 2 Procedure characteristics

Overall (n = 135) Group A (n=52) Group B (n=83) P

Extent of resection, n (%) 0.032a

- Minor 118 (87%) 49 (94%) 69 (83%)

- Major 9 (13%) 0 9 (11%)

- Technically major 8 3 (6%) 5 (6%)

0.158b

Type of resection, n (%)

- Non-anatomic/metastasectomy 64 (47%) 23 (44%) 41 (49%)

- Left lateral sectionectomy 27 (20%) 12 (23%) 15 (18%)

- Segmentectomy 27 (20%) 14 (27%) 13 (16%)

- Bisegmentectomy 8 (6%) 3 (6%) 5 (6%)

- Right hepatectomy 5 (4%) 0 5 (6%)

- Left hepatectomy 4 (3%) 0 4 (5%)

Hand assistance, n (%) 4 (3%) 4 (8%) 0 0.020b

Additional wedge resection, n (%) 21 (16%) 2 (4%) 19 (23%) 0.003a

Approach, n (%) 0.402b

- One stage resection 121 (90%) 47 (90%) 74 (89%)

- One stage resection + RFA 5 (4%) 3 (6%) 2 (2%)

- Two stage resection without PVE 5 (4%) 2 (4%) 3 (4%)

- Two stage resection with PVE 4 (3%) 0 4 (5%)

RFA = radiofrequency ablation, PVE = portal vein embolization, a Chi-square test, b Fisher’s exact test
Group A = before fellowship in laparoscopic HPB surgery, group B = after fellowship

Table 3 Perioperative outcomes

Overall (n = 135) Group A (n=52) Group B (n=83) P

Operation time, minutes (IQR) 154 (101-267) 12 (94-188) 215 (130-370) 0.001a

Intraoperative blood loss, ml (IQR) 250 (100-700) 375 (200-775) 200 (50-700) 0.048a

Blood transfusion, n (%) 7 (5%) 2 (4%) 5 (6%) 0.707b

Conversion, n (%) 5 (4%) 2 (4%) 3 (4%) 1b

Resection margins for malignancies, R0 
resection (%)

93 /100 (93%) 28/32 (88%) 63/67 (94%) 0.131b

Postoperative stay, days (IQR) 4 (3-5) 5 (3-5) 4 (2-5) 0.058a

Postoperative complications, Clavien-Dindo 
≥III, n (%)

18 (13%) 4 (8%) 14 (17%) 0.193c

Mortality, n (%) 1 (0.7%) 1 (2%) 0 0.385b
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valuable and safe strategy for centers starting with LLS. In this series, the stepwise intro-
duction was evidenced by a significant increase of more complicated procedures and less 
favorable patient characteristics over time and was combined with structured education 
before implementing major LLS. Despite increasing complexity of the procedures, intra- and 
postoperative outcomes were not compromised.

During the 2015 Morioka [15] and 2017 Southampton EGMLLS guideline meetings on LLS, 
a stepwise approach combined with formal training in LLS was advised in order to decrease 
the impact of the learning curve in the early stages. Very few studies, however, report on the 
results of such an approach to setting up a LLS practice in starting centers. More frequently, 
authors report on the surgical learning curve in LLS, often displayed as the number of re-
sections needed before optimal outcomes are reached.[20-22] The variables to assess the 
presence of a learning curve vary between studies. In some, the learning curve is clinically 
obvious with improving perioperative results such as operative time [21,23-29], intraopera-
tive blood loss [21,24-28], conversion [21], postoperative stay [21,23,24] and morbidity [28] 
over time. In a study by Robinson et al. [30] in 37 patients, increasing complexity of LLS with 
stable perioperative results was defined as a learning curve, similar to the current study. 
Both improving outcomes and increasing complexity with stable outcomes are used to 
define the learning curve, even though the developments of improving results and increas-
ing difficulty of procedures are distinctly different. Obviously, both are a result of growing 
experience, but they are not the same. This distinction when addressing the learning curve 
is relevant, since implementing a new technique in clinical practice should always be done in 
a safe way and without compromising patient outcomes. The concept and clinical relevance 
of this “proficiency curve”, defined by patient outcomes such as complications, hospital stay 
and mortality, as opposed to the “feasibility curve”, defined by intra-operative outcomes 
such as operative time, conversion rate and blood loss, have previously been described in 
laparoscopic distal pancreatectomy.[31]

In standardized resections like distal pancreatectomy, improving results over time can be 
expected. One might argue that our improving results are masked by the heterogeneity of 
LLS. Improving results in minor LLS could have been counterbalanced by the introduction of 
major LLS. A sensitivity analysis, however, showed that excluding major resections had no 
detectable impact on outcomes, although numbers were small.

Previous reports have described learning curves for LLS varying from 24 to 295 patients, 
clearly demonstrating the heterogeneity of these studies as to when the learning curve is 
completed. Despite the findings reported in the current series (93% R0 resection, 3.7% con-
version, 13.3% complications and 0.7% mortality), the learning curve for major LLS (e.g. for 
laparoscopic hemi-hepatectomy) still might not have been overcome. This requires constant 
monitoring. The institutional experience of hemihepactectomies (n=9) is rather small. This 
was partly overcome by performing all major resections with two senior surgeons. Major 
LLS was only performed after a dedicated laparoscopic HPB fellowship, during which over 
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20 major LLS procedures had been performed. Previous studies have demonstrated that 
there are no differences in the rates of R1 margins between open and laparoscopic liver 
surgery.[5,32-34] The 93% R0 resection rate in this study is within the 82-100% range as 
previously described for LLS.[1] As stressed in the 2015 and 2017 guideline meetings, ad-
equate training is crucial. In the AMC, major LLS was only introduced after one surgeon had 
completed a laparoscopic HPB fellowship and experience was obtained through minor LLS 
(n=48). Furthermore, one third of all procedures were performed by combinations of two 
surgeons to enhance the learning process. Besides the steps of implementation, all surgeons 
had significant experience in open and advanced laparoscopic gastrointestinal surgery and 
had followed at least two hands-on courses in minor LLS prior to starting with LLR. This level 
of experience and surgical training was considered an essential pillar before the stepwise 
introduction of LLS was even considered and has very likely contributed to the low conver-
sion and complication rates from the beginning.

Consensus on how to design structured training and formal education programs is lack-
ing and should be a focus for further research. In the current era of highly specialized and 
complex (laparoscopic) HPB surgery, a plea has been made to move away from ‘see one, do 
one, teach one’ [35], and progress is made, with several expert HPB units starting hands-on 
courses in LLS and specialized laparoscopic HPB fellowships.[36,37]

This series clearly has its shortcomings. The retrospective study design introduces signifi-
cant risk of selection bias and that the series is relatively small. However, since this study 
reports on consecutive (selected) patients and the decision when to start with major resec-
tions was made prospectively, this series confirms the benefits of the stepwise introduction 
of LLS combined with structured training.

In conclusion, the current retrospective, single-center study supports the guideline rec-
ommendations of a stepwise introduction of LLS combined with structured surgical training. 
This approach can help to decrease the clinical impact of the learning curve and can be 
an appropriate method for technique implementation in starting centers and on a larger, 
nationwide scale. Future studies should focus on an effective design and structure for educa-
tion and training programs for LLS.
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