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Introduction

The feasibility of a wide range of laparoscopic procedures 
has been reported and documented, so that presently a 
large part of the portfolio of liver resections is reproduced 
by minimally-invasive approach (1-5). Due to the 
heterogeneous scenario of hepatic procedures, the need 

to focus on the concept of difficulty was perceived in the 
attempt to standardize it within objective parameters (6-9).  
In this perspective, several scores have been recently 
proposed, defining both technical complexity (6,7,9) 
and the risk of intraoperative complications (8). These 
scores have been developed aiming to protect from the 
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risk of discrepancy between the technical expertise of the 
surgeon and the degree of complexity of the procedure: 
consequently, difficulty scores have always been interpreted 
as a stairway “bottom-up”.

Despite this, however, there is no evidence in the literature 
that the technical feasibility of laparoscopic liver resection 
is proportional to its clinical benefit. Indeed, paradoxically, 
recent data suggest that advantages of mini-invasiveness is 
more detectable in technically demanding procedures—
i.e., resections in posterosuperior segments—compared 
to procedures characterized by a lower complexity—i.e., 
resections in anterolateral segments (10,11).

Primary endpoint of the study is to analyze the degree of 
benefit (differential benefit) (10,11) offered by laparoscopic 
compared to open surgery in different levels of technical 
complexity of the laparoscopic approach to define the 
best areas of its application in liver resections. Secondary 
endpoint was to confirm that advantages of minimally 
invasive techniques over the open counterpart are detectable 
within all levels of complexity and therefore justify, for 
liver resections, the efforts associated with this approach 
irrespectively of technical complexity. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://hbsn.amegroups.com/article/
view/10.21037/hbsn-20-562/rc).

Methods

Study population and design

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The 
study was approved by institutional ethics board (I Go 
MILS Registry) of San Raffaele Hospital, Milano, Italy 
and informed consent was taken from all individual 
participants. From January 2004 to May 2019, 2,971 liver 
resections were performed at the Hepatobiliary Surgery 
Division of San Raffaele Hospital in Milano. Intention-to-
treat approach was laparoscopic in 1,032 cases and open in 
1,939 cases. Two levels of stratification of the overall series 
of liver resections were applied. The first stratification was 
performed according to technical difficulty and lead to the 
identification of three groups: the low, the intermediate and 
the high difficulty (see later for details regarding definition 
of complexity) (6). After this, a second stratification was 
performed according to approach (laparoscopic and open) 
to obtain six paired groups of patients [Pair 1: Low-
minimally invasive liver resection surgery (MILS) and 

Low-Open, including 274 cases respectively; Pair 2: Int-
MILS and Int-Open, including 237 patients respectively; 
Pair 3: High-MILS and High-Open, including 226 
patients respectively]. Matching by propensity scores was 
performed between lap and open cases within the same 
level of difficulty in order to overcome possible inclusion 
bias. After that, the differential benefit for one technique 
over the other was calculated among groups. Details 
regarding the study design are provided in Figure 1.

Differential benefit was defined as the delta of advantage 
provided by the surgical approach (MILS versus open) 
among low, intermediate and high difficulty procedure 
(9,10). The difference between laparoscopic and open 
resections was calculated as mean or median differences 
of values (for categorical and continuous variables 
respectively); the degree of advantage was compared 
between couples of cohorts (low and intermediate, low 
and high and intermediate and high): the higher difference 
was considered the final value of differential benefit. 
The differential benefit was calculated between the three 
cohorts both after excluding converted patients (pure 
differential benefit) and including them (risk-adjusted 
differential benefit). In order to calculate the differential 
benefit, intraoperative blood loss and postoperative 90-day 
morbidity were used as outcome indicators.

Results validation by bootstrapping analysis

To overcome possible bias of patients selection within 
groups, a non-parametric bootstrap process was applied on 
the original cohorts of low, intermediate and high difficulty 
resections as a resampling method in order to empirically 
estimate the sampling distribution. This method allowed 
to derive repeated samples (with replacement) from the 
original dataset thus mimicking the variability seen when 
taking samples from a population, and therefore was used 
to analyze the resulting distribution of the parameters of 
interest across the bootstrapped samples without relying on 
a particular distributional assumption.

Preoperative workup

Preoperative workup of all patients included liver function 
tests (to assess Child-Pugh classification) and serum tumor 
markers, abdominal ultrasonography, thoracoabdominal 
imaging (CT scan and/or MRI) and upper gastrointestinal 
(GI) endoscopy. Patients who were potential candidates 
for resection were systematically evaluated at weekly 
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Figure 1 Study design. MILS, minimally invasive liver resection surgery. PS, propensity score.
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multidisciplinary meetings, including liver surgeons, 
hepatologists, radiologists and medical oncologist to define 
the final indication for the surgical procedure and both the 
type and the resection technique.

Definition of difficulty

A preoperative index of difficulty for each operation 
was assessed using the Difficulty Score developed in the 
setting of laparoscopic resections by Ban-Wakabayashi (6),  
which is based on five preoperative factors (tumor 
location, extent of liver resection, tumor size, proximity 
to major vessels and liver function) and allows to define 
a final score by the sum of the five factors (6). Basing on 
the final score, each operation is then classified into three 
different categories: low [1–3], intermediate [4–6] and 
high difficulty [7–12].

Surgical technique

Laparotomy was performed through a right subcostal 

extended to midline incision. For laparoscopic resections 
the patient was placed in the “French” position, with the 
first surgeon standing between the patient’s legs and one 
assistant on each side. Usually a 5-trocar configuration 
was used with a 15-mm port to house the 30° laparoscope. 
Hepatic transection was performed by an alternating 
use of the SonoSurg system (Olympus, Tokyo, Japan), 
the bipolar forceps and an energy device (12). Pringle’s 
maneuver was routinely used to control intraoperative 
bleeding (excluding patients requiring resections in the left 
lateral sector) both in laparoscopic and in open resections. 
Resection of three or more liver segments was considered 
a major hepatectomy (13).

Perioperative management

The enhanced recovery after surgery (ERAS) fast-track 
protocol was implemented into clinical practice for MILS 
and open resections in order to enhance the functional 
recovery. Characteristics of the institutional protocol are 
described elsewhere (4,14). The patient is considered 
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functionally recovered when all the following criteria 
are fulfilled: adequate pain control with oral analgesics; 
independent mobilization (mobile at preoperative level); 
tolerance of liquids and solid food; normal or decreasing 
serum bilirubin; no intravenous fluids; absence of 
complications.

Outcome evaluation

Data regarding general characteristics of patients and 
disease were recorded. Intraoperative and postoperative 
outcome were evaluated, including morbidity and mortality. 
Postoperative complications were reviewed for 90 days 
following liver resection and were graded retrospectively 
according to Dindo-Clavien classification of surgical 
complications (15). Postoperative mortality was defined as 
any death during postoperative hospitalization or within  
90 days after resection. Postoperative liver failure was defined 
according to ISGLS definition. The pure and risk-adjusted 
differential benefit were calculated as described before for 
intraoperative blood loss and postoperative complications.

Statistical analysis

In order to overcome a possible allocation bias to open 
or laparoscopic approach, groups were matched using the 
propensity score with a small caliper (0.2) for the purpose 
of the present study. The following characteristics of 
patients and disease were used as covariates for matching: 
age, American Society of Anesthesiologists (ASA) score, 
gender, number of lesions, size of lesions, topography of 
lesion, type of resection. Bootstrapped groups were created 
from original cohorts in order to internally validate results. 
Demographic, pathologic, operative details, and surgical 
outcomes between groups were compared using the χ2 test 
or Fisher’s exact test for categorical data and the Mann-
Whitney U test for ordinal data. All data were expressed 
as mean plus the standard deviation or median and range. 
Significance was defined as P<0.05. All analyses were 
performed using the statistical package SPSS 18.0 (SPSS, 
Chicago, IL, USA).

Results

The study population consisted of 2,971 liver resections 
performed between 2004 and 2019, including 1,032 
resections classified as low difficulty, 951 classified as 
intermediate difficulty and 988 classified as high difficulty 

procedures. After stratification of resections according to 
surgical technique and after application of the 1:1 matching 
process, three pairs of groups were obtained, with the 
following characteristics Pair 1: Low-MILS and Low-Open, 
including 274 cases respectively; Pair 2: Int-MILS and Int-
Open, including 237 patients respectively; Pair 3: High-
MILS and High-Open, including 226 patients respectively.

Characteristics of patients are reported in Table 1. Groups 
resulted well balanced between the approaches in terms of 
comorbidities, ASA score, features of the liver parenchyma, 
etiology of liver disease.

As reported in Table 2, the indication to liver resection 
was similar between matched groups and, in general, the 
most frequently indications were hepatocellular carcinoma 
(HCC) and colorectal metastases among malignant lesions 
which constituted the largest part of the series within all the 
levels of technical complexity. Distribution of the type of 
liver resection was similar between the approaches within all 
pairs: minor resections were the most frequently performed 
procedures in low and intermediate difficulty groups.

Among laparoscopic liver resection, the conversion rate 
was 8.8% (n=23) in Low-MILS group, 11.6% (n=42) in 
Int-MILS group and 17.4% (n=38) in High-MILS group. 
bleeding and oncological concerns were the commonest 
reasons for conversion, with no significant differences 
among levels of complexity.

Table 3 reports postoperative outcome in the six groups 
of patients. Within all levels of complexity, a significant 
reduction of blood loss and transfusion requirement was 
recorded when minimally invasive approach was applied.

The benefit in terms of reduction of complication rate 
was significantly associated with laparoscopic approach in 
the Low-Open (8.8% vs. 13.4%, P<0.05), Int-Open (18.1% 
vs. 24.6%, P<0.05) and High-Open group (28% vs. 37.6%, 
P<0.05). The perioperative benefit of laparoscopy allowed 
a faster functional recovery and a faster discharge within all 
levels of technical complexity. Reflecting different degree of 
complexity, procedures showed significantly different blood 
loss, morbidity, rate of conversion and time for functional 
recovery among different pairs.

Differential benefit

Figure 2 reports the differential benefit in terms of 
blood loss. In particular, high difficulty procedures were 
associated with a greater advantage compared with low 
and intermediate difficulty procedures both when the pure 
differential benefit—i.e., excluding converted patient—
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Figure 2 Pure differential benefit per blood loss. MILS, minimally invasive liver resection surgery.

(differential benefit: 150 mL, P=0.032) and the risk adjusted 
benefit—i.e., including conversions—(differential benefit: 
110 mL, P=0.041) were calculated. Regarding morbidity 
rate, laparoscopic high difficulty procedures were associated 
with a greater degree of advantage compared with low and 
intermediate difficulty procedures both when the pure 
differential benefit (Figure 3)—(differential benefit: 7.7%, 
P=0.018) and the risk adjusted benefit (differential benefit: 
5.9%, P=0.026) were evaluated.

The pure (without including conversions) and the 
risk-adjusted (including conversions) differential benefit 
were calculated both for blood loss and for morbidity: 
no significant differences between the two values 
was detected, ruling out the effect of conversion on 
determining the perioperative benefit of laparoscopic over 
open technique.

Validation by bootstrapping analysis

As a result of the bootstrapping process, 112 Low-
MILS were selected and compared with 112 Low-Open; 
similarly, 145 Int-MILS were selected and compared with 
145 Int-Open and 160 High-MILS were selected and 
compared with 160 High-Open. The differential benefit in 

terms of blood loss was calculated in bootstrapped groups: 
a greater advantage in high difficulty compared with low 
and intermediate difficulty was documented both when 
the pure differential benefit (differential benefit: 180 mL, 
P=0.033) and the risk adjusted benefit (differential benefit: 
130 mL, P=0.046) were calculated. Regarding morbidity 
rate, laparoscopic high difficulty resections were associated 
with a greater degree of advantage compared with low 
and intermediate difficulty when the pure differential 
benefit (differential benefit: 9.2%, P=0.045) and the risk 
adjusted benefit (differential benefit: 7.4%, P=0.049) were 
evaluated.

Discussion

The appraisal of the differential benefit stratified per 
complexity of MILS performed in the present study shows 
how the perioperative clinical advantage provided by the use 
of the laparoscopic approach is actually wider in procedures 
with a higher degree of technical complexity.

Scientific literature has so far targeted the need to 
demonstrate that the laparoscopic approach overall 
confers short term benefits over the open counterpart 
while maintaining an adequate standard of care in terms of 
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Figure 3 Pure differential benefit per morbidity. MILS, minimally invasive liver resection surgery.

oncological results (1-5). A large amount of literature has 
indeed been published during the last 15 years, comparing 
mixed series of laparoscopic and open liver resections or 
series selected by single or few items, from the technical 
(minor and major, type of resections, topography of lesions) 
(1,3,16) or the pathological point of view (HCC, colorectal 
liver metastases, intrahepatic cholangiocarcinoma) (17-19). 
Even randomized controlled trials (RCTs) have been based 
only on type of resection or diagnosis (20,21). Comparison 
of laparoscopic and open series selected by complexity 
defined by complexity scores has never been reported so 
far, as well as the degree of advantage of laparoscopic versus 
open approach in different profiles of complexity has never 
been analyzed.

Definition of difficulty scores have also been inspired by 
the need of guiding the stepwise learning curve in MILS: 
indeed, the learning curve of surgeons in MILS has also 
been studied in detail, to maintain a safety standard and to 
avoid the risk of a reduced performance because of the need 
of training (22,23).

Recently, the concept of differential benefit was 
applied to the comparison between anterolateral and 
posterosuperior segments and a more pronounced 
advantage of laparoscopic resections was documented in the 

posterosuperior segments; anyway, no other specific insights 
about the area where the application of laparoscopy can 
offer best advantages in MILS are presently available (11). 
It is therefore now mandatory to evaluate the direction of 
MILS of the near future, to provide robust evidences to the 
surgical community and get prepared in the educational and 
allocation strategy perspective. In the present study, MILS 
approach is associated with clinical benefits over its open 
counterpart within all degrees of complexity but we aimed 
to understand in which setting of patients the advantage 
of laparoscopy is really justified and where instead its 
benefit is limited or even undetectable. The rationale was 
to understand if the efforts associated with laparoscopic 
approach (higher intraoperative costs, need for specific 
and dedicated training, possible longer operative times and 
therefore reduced number of procedures per day) are always 
worthwhile because of the clinical benefits irrespectively of 
complexity of the resection.

MILS approach resulted in a statistically significant 
lower blood loss, reduced morbidity, reduced and shorter 
time for functional recover and length of stay within all 
pairs. The evaluation of the differential benefit showed a 
greater advantage of laparoscopic approach in high degree 
procedures compared with intermediate and low degree, 
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both in terms of blood loss (–250 and –200 mL respectively) 
and morbidity rate (–5.7% and –4.1% respectively). In other 
words, the higher is the complexity profile of the procedure 
by laparoscopic approach, the wider is the clinical advantage 
of being performed by MILS rather than open.

This assessment allows us to review the concept of 
difficulty score from a different and opposite perspective: 
indeed complexity is not only conceived a “bottom-up” 
stairway of progressive recruitment of cases depending on 
the step-by-step acquisition of surgical skills (complexity 
per training), but also as a “top-down” stratification of fields 
where mini-invasiveness is able to provide the greatest 
advantages (complexity per benefit). In this view, the degree 
of complexity should be addressed in an ascending scale 
during training in order to provide a good standard of safety 
during learning curve, but—after the learning curve has 
been completed—the use of complexity scores maintains its 
role, helping to define the best areas of clinical advantages 
provided by MILS in a descending scale of complexity. 
Complexity is therefore directly related both to training (i.e., 
lower training of surgeon—lower complexity of procedure; 
higher training of surgeon—higher complexity of 
procedure) and to clinical advantage (i.e., lower complexity 
of procedure—lower clinical advantage of MILS; higher 
complexity of procedure—higher clinical advantage of 
MILS), but—as a counterintuitive observation—MILS 
feasibility turns out to be inversely related to clinical 
advantage.

The reasons for the wider advantage of laparoscopy in 
complex resections have not yet been studied: evidences 
suggest that laparoscopy allows to provide a biological 
advantage to the patient (20).

The larger differential benefit may be hampered by 
the higher conversion rate and the outcome in converted 
cases, that can be worse than in cases completed by 
laparoscopy, especially when the conversion occurs because 
of intraoperative accidents: in the presence of a significant 
conversion rate indeed, the overall benefit could be 
jeopardized by severely unfavorable outcomes in converted 
patients, as already reported (24). In the present study 
adjusted differential benefit has been analyzed in addition to 
pure differential benefit to rule out specifically the impact 
of conversion.

In particular in the present study both the value of 
pure and adjusted differential benefit showed a wider 
advantage in patients with “high-complexity” compared 
to “intermediate-complexity” and “low-complexity” 
conferred by laparoscopic approach. this finding, together 

with the observation that the outcome indicators of the 
converted patients are worse than the respective cases 
completed laparoscopically but similar to the open cases, 
justifies the need to progressively extend the minimally 
invasive technique. Furthermore, it is even possible that 
the wider benefit of MILS in complex settings does not 
directly derive only from factors closely related to the 
laparoscopic technique, but also to the observation that in 
laparoscopy the strict application and adherence to fast-
track perioperative management protocols is easier and 
natural.

It can be speculated that, by increasing the technical 
complexity, in laparoscopy the advantage of the minimally 
invasive technique is maintained and enhanced by the 
ERAS protocol; vice versa, in complex open surgery both 
the advantage of mini-invasiveness and the systematic 
feasibility of the fast-track are, at least partially, lost (4). On 
the contrary, open resections with a low degree of technical 
complexity are better combined with the concept of fast 
track, leading the disadvantage given by laparotomy to be 
compensated by perioperative management.

Limitations of the present study are its retrospective 
nature and a possible underestimation or overestimation of 
surgical complexity in some procedures due to reported bias 
in difficulty scores (9).

Furthermore, the difficulty score was originally described 
by Ban et al. (6) specifically for MILS. Besides, it has still 
not been demonstrated that it can be implemented even 
in the setting of open liver resection. Consequently, a 
possible difference in grouping according to difficulty 
between laparoscopic and open approach cannot be 
excluded and constitutes a limitation in the present study, 
although the bias related to patient and tumor background 
was normalized via difficulty grouping, propensity score 
matching and bootstrapping.

Future prospective studies specifically designed to 
understand the correlation between technical complexity 
and advantage of laparoscopic approach in terms of 
homeostatic impairment and induction of surgical stress will 
be needed to precisely assess the biological background of 
the present findings.

In conclusion, laparoscopic approach allows to obtain 
significant benefits in the setting of technically complex 
procedures probably related to a favorable biological 
scenario, constituting the prerequisite for an adequate 
surgical outcome.

The commitment towards MILS approach should be 
therefore stronger in this setting, where—overcome the 
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limit of technical challenges—the advantage of laparoscopy 
seems to be enhanced.
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