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Abstract
Purposes of this study are to evaluate the main changes that have occurred in the Italian MILS activity in the last decade 
in terms of indications, approaches and outcomes as reported in the national registry and to provide specific details on the 
main areas of development of MILS. Data from patients undergoing minimally invasive liver resections at centers included 
in the I Go MILS Registry from its start-up (November 2014) to March 2023 were analyzed for the purposes of this study. 
The registry is intention-to-treat and prospective. Global recruitment trends stratified by indication to surgery and type 
of approach were analysed. 7413 MILS procedures were performed across all centers (median number of procedures per 
center: 63). Years (2020–2023) displayed a significantly higher proportion of treated patients diagnosed with hepatocellular 
carcinoma (HCC) (38.2% vs. 28.9% and 33.9%, p < 0.001) and cholangiocarcinoma (6.7% vs. 6.5% and 4.2%, p < 0.001) 
compared to the preceding triennial periods. Additionally, technical complexity demonstrated an increased prominence in 
Years (2019–2023) with a significantly higher percentage of grade III cases compared to the earlier periods (39.3% vs. 21.7% 
and 25.6%, p < 0.001). Annual case trends focusing on laparoscopic and robotic techniques demonstrated a steadily increase 
in the use of these techniques for complex case mix of indications. Overall, attitude and attention to MILS approach has 
evolved, so that currently indications to hepatic mini-invasiveness have expanded and surgical technique has been refined: 
Areas mainly involved in increasing growth trends are hepatocellular carcinoma, possible applications of MILS in transplant 
setting, intrahepatic cholangiocarcinoma and robotic approach.
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Introduction

The last decade has marked the establishment and consoli-
dation of the role of minimally invasive approach (MILS—
Minimally Invasive Liver Surgery) in every center with an 
active program of liver surgery [1–3]. This implementation 
process has gone through a phase of acquisition of progres-
sive technical expertise and the creation of specific training 
opportunities [4–6], but had also a benefit from the growing 
availability and technological improvements in dedicated 
and advanced instrumentations [7–10]: modern operating 
rooms are indeed equipped for intraoperative navigation 
(indocyanine green, 3D reconstructions, augmented reality), 

for precise dissection of vascular intrahepatic structures and 
for adequately addressing the task of parenchymal transec-
tion. This favorable scenario contributed to a safe dissemina-
tion of MILS in Italy and worldwide, so that the estimated 
MILS/total liver resection ratio in Europe is presently 30% 
[3]. Together with this evolution in the real-life clinical 
setting, high quality randomized trials, large cohort stud-
ies and meta-analyses strongly supported the adoption of 
laparoscopic approach in hepatobiliary surgery showing the 
perioperative advantages of MILS for patients—crosswise 
distributed among different indications (i.e., hepatocellular 
carcinoma, colorectal metastases, cholangiocarcinoma and 
benign diseases)—and confirmed its adequacy from the 
oncological perspective [11–17].
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Even before the recommendation to prospectively register 
MILS activity was indicated through international guidelines 
[18], this specific need was perceived in Italy and leaded to 
the early creation of the I Go MILS (Italian Group of MILS) 
national registry specifically dedicated to minimally invasive 
liver activity. The initiative was born in 2013 and become 
active with the first enrollments since 2014: it was designed 
and built to respond to specific tasks of registries, providing 
snapshots of the activity and trends over the years, develop-
ing original studies based on the national series collected in 
an intention-to-treat modality and to analyze the quality of 
MILS in Italy [1, 2, 19, 20].

The main purpose of this study is therefore to evaluate 
the main changes that have occurred in the Italian MILS 
activity in the last decade in terms of indications, approaches 
and outcomes as reported in the national registry. Secondary 
purposes are to provide specific details on the main areas 
of development of MILS in terms of general features and 
perioperative results indications and to describe the current 
availability of human and technological resources dedicated 
to minimally invasive liver surgery on a national basis.

Materials and methods

Data from patients undergoing minimally invasive liver 
resections at centers included in the I Go MILS Registry 
from its start-up (November 2014) to March 2023 were 
analyzed for the purposes of this study. As reported else-
where [1, 2], the I Go MILS registry is intention-to-treat and 
prospective. To specifically fulfill primary and secondary 
endpoints, global recruitment trends stratified by indication 
to surgery and type of approach were analysed. The whole 
period of recruitment was stratified in three periods (i.e., 
years 2014–2016; years 2017–2019; years 2020–2023) to 
evaluate characteristics of recruited cases and perioperative 
outcomes. The filling out of a specific online questionnaire 
was also requested aimed at providing an overview of MILS 
approach in the whole scenario of liver resection activity 
and at studying recent implementation areas and human and 
technological availabilities.

Registry centers

Each center with minimally invasive activity, regardless of 
the level of expertise and the number of expected recruit-
ments, was admitted to the registry, having the possibility to 
enroll patients after the approval by the local ethical commit-
tee. A specific written consent for inclusion in the study and 
for data storage was waived from patients. Details regarding 
data protection and collection are reported elsewhere. No 
superimposition regarding surgical techniques and inclusion 

to MILS was provided to centers, as per registry nature [1, 
2].

eCRF for data logging and registry variables

Case registration was developed through an eCRF (elec-
tronic platform for clinical trials management) accessible 
through personal passwords for investigator and allowing to 
enter data and to consult previously entered outcomes (data 
entered from other centers are not accessible for consulta-
tion). Data for analysis required for individual studies are 
provided only upon specific request to the scientific direc-
tor and approval by the scientific board of the I Go MILS 
Group. Each patient is assigned an automatically generated 
numeric code after enrollment and all data are stored in 
anonymized mode.

The case report form—as already described elsewhere—
is composed of three separate modules: enrollment, surgery 
and postoperative data [1, 2]. The total number of variables 
required to complete the CRF is 37.

Outcomes evaluation

Total number of inclusions per year, as well as inclusions 
per approach were evaluated: the yearly case count and the 
corresponding annual case increase, both in absolute terms 
and as a percentage, for laparoscopic and robotic procedures 
were analyzed. Preoperative characteristics including diag-
nosis, location, size and number of lesions were recorded. 
Level of technical difficulty was graded according to Kawa-
guchi classification, defining three degrees of complexity 
based on type and site of resection [21]. Mortality was cal-
culated as any death occurring during hospitalization or 
within 30 days from surgery. Postoperative complications 
were graded according to Dindo–Clavien classification of 
surgical complications [22].

Additional questionnaire

Centers involved in the I Go MILS Registry were asked 
to complete an additional questionnaire to provide details 
regarding evolution and changes in MILS in recent years, 
as well as availability of intraoperative navigation tools and 
technological resources. Surgeons were asked to complete 
one questionnaire per center. Centers and respondents iden-
tity was not blinded and was explicitly required, to avoid 
overlapping data (contact data from the respondent were 
required to consider the questionnaire valid). The question-
naire was open and shared on Google Forms, hence the 
results were automatically exported in Excel for storage and 
subsequent analysis. The survey was sent out on 25 June 
2023 with 7 days available to respond.
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Statistics

All variables were compared using the χ2 or Fisher’s exact 
test for categorical data, the Mann–Whitney U test for non-
normally distributed continuous data, and Student’s t-test 
for normally distributed continuous variables. All data are 
expressed as a mean plus or minus the standard deviation or 
median and range. Time series analysis using an exponen-
tial smoothing model was used to forecast the trends in the 
implementation of robotic liver resection. Significance was 
defined as p < 0.05. All analyses were performed using the 
statistical package SPSS 18.0 (SPSS, Chicago, IL, USA).

Results

Participants

All data analyzed derived from the “I Go MILS Registry,” 
which included a total of seventy-nine Italian HPB cent-
ers. Among these centers, 13 (16.5%) were specialized liver 
transplant centers. Between November 1, 2014, and March 
31, 2023, a total of 7413 MILS procedures were performed 
across all centers. The median number of procedures per 
center was 63 (range 2–1387). Median ratio between MILS 
and total liver resections is 41%, showing an increasing trend 
compared to 30% of ratio reported 5 years ago and 15% 
reported 10 years ago. A median of 3 surgeons per center 
perform laparoscopic liver resections (compared to 1 sur-
geon 5 years ago). Indocyanine green vision is available in 
89% of centers, 3D reconstructions in 52% of centers and 
augmented reality in 10.7% of centers.

To examine the time trends of MILS throughout the study 
period, data with missing information regarding the exact 
operation date were excluded (n = 233), resulting in a total of 
7180 MILS procedures being assessed. The study timeline 
was divided into three-year periods: November 1, 2014, to 
December 31, 2016, which accounted for 879 MILS pro-
cedures (12.2%); January 1, 2017, to December 31, 2019, 
which accounted for 2578 MILS procedures (35.9%); and 
January 1, 2020, to December 31, 2023, which accounted 
for 3723 MILS procedures (51.8%).

Annual trend of pure laparoscopic liver resections

The pure laparoscopic approach to liver resections accounted 
for a total of 5960 cases. Table 1 displays the yearly case 
increase and the corresponding percentage for each year 
from 2014 to 2023.

In 2014, there were only 10 cases recorded, serving as 
the baseline for the analysis. Subsequently, the number of 
cases steadily increased over the years. In 2015, there was 
a significant jump in cases, with an increase of 173 cases, 

representing a percentage increase of 1730%. The trend 
continued in 2016, where an additional 414 cases were 
observed, showing a substantial yearly case increase of 
226.30%. From 2017 to 2019, the yearly case increases were 
more modest, ranging from 5.59% to 12.59%. However, in 
2020, the growth slowed down, with only 14 additional cases 
reported (a 1.77% increase). The upward trend resumed in 
2021, with 115 more cases compared to the previous year, 
corresponding to a yearly case increase of 14.26%. Finally, 
in 2023, the largest yearly case increase was observed, with 
308 additional cases reported, representing a substantial per-
centage increase of 33.44%. Main reasons contributing to 
the increase in MILS activity are widened criteria for MILS 
access (68% of centers), wider technological availability 
(68% of centers) and higher number of surgeons perform-
ing MILS (52% of centers). Inclusion to MILS approach is 
based on: difficulty scores (47% of centers), specific criteria 
for MILS inclusion (42% of centers) or specific criteria for 
open approach inclusion (15.9% of centers).

Annual trend of pure robotic liver resections

A pure robotic approach was applied for a total of 1080 
cases. Table 2 presents the yearly case increase and the cor-
responding percentage for each year from 2014 to 2023.

In 2014, there were no recorded cases of the robotic 
approach. However, in the subsequent years, the utilization 
of robotic procedures increased steadily. In 2015, there were 
27 cases, indicating an increase of 27 cases compared to the 
previous year (N/A percentage since it was the first year of 
recording). The trend continued in 2016, with an additional 
18 cases reported, representing a yearly case increase of 

Table 1  Annual trend of laparoscopic liver resections

The yearly case count and the corresponding annual case increase, 
both in absolute terms and as a percentage, for laparoscopic proce-
dures from 2014 to 2022 is displayed
The data shows the consistent growth of the laparoscopic approaches, 
with notable variations in yearly case increases (p < 0.001)

Laparoscopic approach

Year Cases
n = 5960

Yearly case 
increase

Yearly case 
increase, percent-
age (%)

2014 10
2015 183  + 173 1730
2016 597  + 414 226.30
2017 667  + 70 11.71
2018 751  + 84 12.59
2019 793  + 42 5.59
2020 807  + 14 1.77
2021 922  + 115 14.26
2022 1230  + 308 33.44
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66.67%. In 2017, there was a further increase of 29 cases, 
resulting in a 64.44% yearly case increase. From 2018 to 
2019, the yearly case increases were more modest, ranging 
from 21.36% to 39.19%. In 2021, the number of cases rose 
to 162, with an additional 33 cases compared to the previous 
year, reflecting a yearly case increase of 25.58%. Finally, in 
2023, the largest yearly case increase was observed, with 
253 additional cases reported, representing a substantial 
percentage increase of 156.17%.

Figure 1 presents a visual analysis of annual case trends 
from the IGoMILS registry, focusing on the utilization of 

various minimally invasive approaches such as hybrid, lapa-
roscopic, single-port, and robotic techniques.

Snapshot from the pure robotic cohort: baseline 
characteristics and outcomes

Table 3a displays the results of Minimal Invasive Liver Sur-
gery (MILS) with a particular emphasis on the following 
aspects: pure robotic liver resections, MILS for Hepatocel-
lular Carcinoma (HCC), MILS for Cholangiocarcinoma, and 
MILS in centers with dedicated transplant programs. An 
annual case trends analysis from the registry, specifically 
focusing on the reported diagnosis in the final pathology of 
the patients is shown in Fig. 2.

The pure robotic cohort consisted of a total of 1080 
cases. The median age of the patients was 68 years (range 
43–76). Male patients accounted for 59.2% of the cohort. 
The median BMI was 25.5  kg/m2 (range 21.2–28.9). 
Among the patients, 44.2% had a history of previous 
hepatic resection, 42.1% had gastrointestinal surgery, and 
48.2% had other previous surgeries. Cirrhosis was pre-
sent in 24.0% of the cases. Regarding the diagnosis, 18.5% 
had benign lesions, 36.5% had hepatocellular carcinoma 
(HCC), 27.9% had colorectal cancer (CCR) metastases, 
6.2% had cholangiocarcinoma, and 6.8% had other diag-
noses. Multiple lesions were observed in 24.5% of cases, 
and 45.1% had the largest lesion with a diameter ≥ 3 cm. 
The resection types included wedge resection (49.7%), 
anatomical segmentectomy (20.7%), left lateral sectionec-
tomy (11.3%), right anterior sectionectomy (0.7%), right 
posterior sectionectomy (2.3%), left hepatectomy (4.9%), 
right hepatectomy (4.5%), and right/left trisectionectomy 

Table 2  Annual trend of robotic liver resections

The yearly case count and the corresponding annual case increase, 
both in absolute terms and as a percentage, for robotic procedures 
from 2014 to 2022 is displayed
The data shows the consistent growth of the robotic approach, with 
notable variations in yearly case increases (p < 0.001)

Robotic approach

Year Cases
n = 1080

Yearly case 
increase

Yearly case 
increase, percent-
age (%)

2014 0
2015 27  + 27 N/A
2016 45  + 18 66.67
2017 74  + 29 64.44
2018 103  + 29 39.19
2019 125  + 22 21.36
2020 129  + 4 3.2
2021 162  + 33 25.58
2022 415  + 253 156.17

Fig. 1  Analysis of annual case trends from the IGoMILS registry based on the application of different minimally invasive approaches (hybrid, 
laparoscopic, single-port, robotic)
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Table 3  a Baseline characteristics of the entire patient cohort from 
the IGoMILS registry, categorized according to resection type 
(robotic), diagnosis at final pathology (HCC and Cholangiocarci-
noma) and transplant activity. b Perioperative outcomes of the entire 

patient cohort from the IGoMILS registry, categorized according to 
resection type (robotic), diagnosis at final pathology (HCC and Chol-
angiocarcinoma) and transplant activity

3a Robotic
N = 1080

HCC
N = 2553

Cholangiocarcinoma
N = 455

Transplant center
N = 2126

Age (years) 68 (43–76) 69 (49–76) 65 (41–72) 68 (46–73)
Sex, male 639 (59.2) 1617 (63.3) 261 (57.4) 1263 (59.4)
BMI (Kg/m2) 25.5 (21.2–28.9) 25.8 (23.2–28.7) 24.5 (22.7–27.4) 25.3 (21.5–28.7)
Previous surgery 477 (44.2) 1186 (46.5) 46 (10.1) 723 (34.0)
Hepatic resection 201 (42.1) 498 (42.0) 5 (10.9) 164 (22.7)
Gastrointestinal 230 (48.2) 218 (18.4) 38 (82.6) 320 (44.3)
Other 46 (9.6) 470 (39.6) 3 (6.5) 239 (33.0)
Cirrhosis 259 (24.0) 1067 (41.8) 108 (23.7) 766 (36.0)
Diagnosis NA NA
 Benign 200 (18.5) 438 (20.6)
 HCC 394 (36.5) 964 (45.3)
 CCR metastases 301 (27.9) 370 (17.4)
 Cholangiocarcinoma 67 (6.2) 122 (5.7)
 Other 74 (86.8) 232 (10.9)

Multiple lesions 265 (24.5) 815 (31.9) 143 (31.4) 756 (35.6)
Diameter of the largest lesion ≥ 3 cm 487 (45.1) 1437 (56.3) 239 (52.5) 978 (46.0)
Resection type
 Wedge resection 537 (49.7) 1302 (51.0) 29 (6.4) 1186 (55.8)
 Anatomical segmentectomy 224 (20.7) 615 (24.1) 203 (44.6) 440 (20.7)
 Left lateral sectionectomy 122 (11.3) 286 (11.2) 55 (12.1) 265 (12.5)
 Right anterior sectionectomy 8 (0.7) 20 (0.8) 21 (4.6) 33 (1.5)
 Right posterior sectionectomy 25 (2.3) 60 (2.4) 23 (5.0) 34 (1.6)
 Left hepatectomy 53 (4.9) 105 (4.1) 47 (10.3) 89 (4.2)
 Right hepatectomy 49 (4.5) 80 (3.1) 43 (9.4) 54 (2.5)
 Right/left trisectionectomy 62 (5.7) 85 (3.3) 34 (7.5) 25 (1.2)

Technical complexity*
 Grade I 659 (61.0) 1588 (62.2) 84 (18.5) 1451 (68.2)
 Grade II 258 (23.9) 646 (25.3) 208 (45.7) 394 (18.5)
 Grade III 163 (15.1) 319 (12.5) 163 (35.8) 281 (13.2)

Approach NA
 Hybrid 64 (2.5) 6 (1.4) 62 (2.9)
 Laparoscopic 2093 (82.0) 370 (83.5) 1869 (87.9)
 Single-Port 2 (0.08) 0 (0.0) 2 (0.09)
 Robotic 394 (15.4) 67 (15.1) 193 (9.1)

3b Robotic
N = 1080

HCC
N = 2553

Cholangiocarcinoma
N = 455

Conversion 19 (1.8) 213 (8.3) 50 (11.0) 163 (7.7)
Hemorrhage 6 (31.6) 41 (19.2) 12 (24.0) 54 (33.1)
Adhesions 5 (26.3) 34 (16.0) 8 (16.0) 57 (35.0)
Oncologic reasons 3 (15.8) 116 (54.5) 23 (46.0) 24 (14.7)
Iatrogenic injury 1 (5.3) 5 (2.3) 5 (10.0) 11 (6.7)
Anaesthesiological reasons 4 (21.0) 17 (8.0) 7 (14.0) 17 (10.4)
R1 margin 102 (9.4) 206 (8.1) 39 (8.6) 195 (9.2)
Blood loss, mL 200 (100–450) 320 (250–550) 350 (210–550) 370 (150–620)
Operative time, min 330 (150–420) 240 (120–350) 270 (180–360) 280 (180–410)
Any complications 299 (27.7) 556 (21.8) 103 (22.6) 432 (20.3)



1462 Updates in Surgery (2023) 75:1457–1469

1 3

(5.7%). Technical complexity was graded as grade I in 
61.0% of cases, grade II in 23.9%, and grade III in 15.1%. 
The majority of cases were performed using the robotic 
approach.

Table  3b focuses on the conversion rates and surgi-
cal outcomes of robotic liver resections. Among the 1080 
cases, the conversion rate was 1.8%. The most common 
reasons for conversion included hemorrhage (31.6%), 
adhesions (26.3%), oncologic reasons (15.8%), iatrogenic 
injury (5.3%), and anesthesiological reasons (21.0%). R1 
margins, indicating incomplete resection, were observed in 
9.4% of cases. The median blood loss was 200 mL (range 
100–450), while the median operative time was 330 min 
(range 150–420). Any complications were observed in 
27.7% of cases, with major complications occurring in 
5.2% of cases. The 90-day mortality rate was 0.6%, and the 
median length of hospital stay was 4 days (IQR: 3–7). Fig-
ure 3 displays the results of a time series analysis utilizing 
an exponential smoothing model to forecast future trends in 
the implementation of robotic activity over the next seven 

years. According to the model, by September 3030, there 
is a predicted overall increase of 120.3% in pure robotic 
resections.

Baseline characteristics according to triennial 
trends (2014–2016; 2017–2019 and 2020–2023)

In the time case analysis of the evolving triennial trends 
in MILS, several statistically significant findings emerged 
across different time periods (Table 4). The incidence of 
previous surgeries, particularly previous hepatic resections, 
exhibited a significant increase in Years (2019–2023) com-
pared to both Years (2014–2016) and Years (2017–2019) 
(41.3% vs. 18.2% and 26.1%, p = 0.003). Conversely, the 
prevalence of cirrhosis was significantly lower in Years 
(2020–2023) in comparison to the earlier time periods 
(23.7% vs. 26.7% and 26.8%, p < 0.001).

Regarding the final pathology diagnosis, Years 
(2020–2023) displayed a significantly higher proportion of 
treated patients diagnosed with hepatocellular carcinoma 

*  Classification of complexity according to Kawaguchi-Gayet classification

Table 3  (continued)

3b Robotic
N = 1080

HCC
N = 2553

Cholangiocarcinoma
N = 455

Major complications 56 (5.2) 174 (6.8) 39 (8.6) 198 (9.3)
90-days Mortality 6 (0.6) 10 (0.4) 3 (0.7) 17 (0.8)
LOS (days) 4 (3–7) 5 (3–8) 5 (4–8) 5 (4–9)

Fig. 2  Analysis of annual case trends from the IGoMILS registry based on the diagnosis reported at final pathology
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(HCC) (38.2% vs. 28.9% and 33.9%, p < 0.001) and chol-
angiocarcinoma (6.7% vs. 6.5% and 4.2%, p < 0.001) 
compared to the preceding triennial periods. Addition-
ally, technical complexity demonstrated an increased 
prominence in Years (2019–2023) with a significantly 
higher percentage of grade III cases compared to the ear-
lier periods (39.3% vs. 21.7% and 25.6%, p < 0.001). This 
was evidenced by an escalating trend in the performance 
of right/left trisectionectomies (3.6% vs. 5.5% vs. 8.6%, 
p < 0.001) and right hepatectomies (5.7% vs. 6.7% vs. 
10.6%, p < 0.001) reaching its apex in the last triennial 
period.

Furthermore, the laparoscopic approach was more com-
monly utilized in Years (2014–2019) with a significantly 
higher proportion of patients undergoing this technique 
compared to the last triennial period (89.9% and 85.8% 
vs. 79.5%, p < 0.001). Notably, there was a significant 
progression in the implementation of the robotic platform 
observed in the last triennial period (Years 2020–2023) 
(19.0% vs. 11.7% vs. 8.2%, p < 0.001).

Perioperative outcomes according to triennial 
trends (2014–2016; 2017–2019 and 2020–2023)

The analysis of surgical outcomes across different 
time periods is presented in Table 5. Significant differ-
ences were observed in the conversion rates, with Years 
(2019–2023) exhibiting a lower percentage of conversions 
(6.9% vs. 8.2% vs. 10.0%, p = 0.001). The most common 
reason for conversion was adherence (31.0%), followed 
by hemorrhage (29.1%). Additionally, a significant differ-
ence was observed in the occurrence of major complica-
tions (p = 0.028), with Years (2019–2023) demonstrating 
a lower percentage of major complications compared to 
the preceding triennial periods (4.5% vs. 5.8% and 5.5%).

Discussion

Data arising from the ten-year experience of the I Go 
MILS registry document on the one hand the large-scale 
consequences of the implementation of minimally invasive 
techniques in the field of liver resection and, on the other 
side, the effects of availability of growing body of evi-
dence regarding the benefits of these techniques. Interest-
ingly indeed, areas mainly involved in increasing growth 
trends are the same ones where clinical research efforts 
have focused in recent years: surgery of hepatocellular 
carcinoma in patients with impaired liver function, MILS 
for intrahepatic cholangiocarcinoma, robotic approach and 
finally possible applications of MILS in transplant setting.

Overall, attitude and attention to MILS approach has 
evolved, so that currently indications to hepatic mini-
invasiveness have expanded to include complex resection; 
surgical technique has been refined to maintain principles 
of anatomical resections, intraoperative safety and onco-
logical principles.

The presence of hepatocellular carcinoma as the most 
frequent indication in minimally invasive series is constant 
in all eras [1, 2, 16, 23]: in fact, the specific advantages 
of this approach in HCC have been widely acknowledged. 
Nevertheless, surgical aptitude has changed so that mini-
mally invasive approach is more frequently considered 
in patients showing hepatic functional impairment and/
or high disease burden. On the one hand indeed, portal 
hypertension and Child B conditions are not considered 
anymore an absolute contraindication to surgery, espe-
cially in MILS setting, while on the other, there is a grow-
ing trend of inclusion to MILS of complex and repeated 
hepatic resections [24–27]: the advantages of mini-inva-
siveness are indeed proportionally wider in more com-
plex situations, providing a rationale for the expansion 

Fig. 3  Time series analysis 
using an exponential smoothing 
model to forecast the trends in 
the implementation of robotic 
liver resection. The x-axis 
represents time, while the y-axis 
represents the number of robotic 
liver resections performed. The 
data points on the graph are 
actual historical values, and the 
line represents the predicted 
values based on the exponential 
smoothing model. By Septem-
ber 3030, the model predicts an 
increase of robotic liver resec-
tions by 120.3%
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of indications as well as to push towards MILS as far as 
technically feasible [28].

In centers with a program of liver transplantation, the 
minimally invasive approach is today a fundamental tool 
that is experiencing a constant and fruitful evolution: indeed 
it may be chosen as a bridge treatment option before liver 
transplantation, as the approach of choice in living donors, 
and—in pioneering series – to perform recipient hepatec-
tomy and advanced transplant programs for oncological indi-
cations [29–32]. Today, it is hence fascinating to observe 

how two areas initially considered antipodes (i.e., trans-
plantation and minimally invasiveness) are currently differ-
ent aspects of a complex mosaic of therapeutic options for 
patients with liver diseases.

Cholangiocarcinoma was the latest indication to break 
down the barriers of minimally invasiveness. Due to the 
frequent need for complex resections and the indication 
to perform a formal lymphadenectomy, cholangiocarci-
noma surgery represents itself a niche field in the setting 
of hepatic surgery. Among centers dealing specifically with 

Table 4  Baseline characteristics of the entire patient cohort from the IGoMILS registry, categorized into three different timeframes: 2014–2016, 
2017–2019, and 2020–2023

*Kawaguchi classification: Grade I = wedge resection/left lateral sectionectomy, Grade II = anterolateral segmentectomies/left hepatectomy, 
Grade III = posterosuperior segmentectomy, right posterior sectionectomy, right hepatectomy, central hepatectomy or extended left/right hepa-
tectomy

Years (2014–2016)
N = 879

Years (2017–2019)
N = 2578

Years (2020–2023)
N = 3723

p value

Age (years) 66 (43–81) 66 (45–83) 69 (41–84) 0.467
Sex, male 494 (56.2) 1529 (59.3) 2183 (58.6) 0.270
BMI (Kg/m2) 25.3 (21.1–28.9) 25.6 (20.9–28.4) 25.8 (20.2–29.1) 0.312
Previous surgery 160 (18.2) 672 (26.1) 1537 (41.3) 0.003
Hepatic resection 41 (25.6) 186 (27.7) 463 (30.1)
Gastrointestinal 103 (64.4) 475 (70.7) 998 (64.9)
Other 16 (10.0) 11 (1.6) 76 (4.9)
Cirrhosis 235 (26.7) 692 (26.8) 882 (23.7)  < 0.001
Diagnosis  < 0.001
 Benign 269 (30.6) 641 (24.9) 710 (19.1)
 HCC 254 (28.9) 875 (33.9) 1424 (38.2)
 CCR metastases 188 (21.4) 682 (26.4) 991 (26.6)
 Cholangiocarcinoma 37 (4.2) 167 (6.5) 251 (6.7)
 Other 131 (14.9) 213 (8.3) 347 (9.3)

Multiple lesions 254 (28.9) 786 (30.5) 1157 (31.1) 0.445
Diameter of the largest lesion ≥ 3 cm 218 (24.8) 711 (27.6) 1008 (27.1) 0.271
Resection type  < 0.001
 Wedge resection 414 (47.1) 998 (38.7) 1194 (32.1)
 Anatomical segmentectomy 195 (22.2) 543 (21.1) 711 (19.1)
 Left lateral sectionectomy 53 (6.0) 266 (10.3) 321 (8.6)
 Right anterior sectionectomy 47 (5.3) 153 (5.9) 151 (4.1)
 Right posterior sectionectomy 39 (4.4) 104 (4.0) 219 (5.9)
 Left hepatectomy 49 (5.6) 197 (7.6) 412 (11.1)
 Right hepatectomy 50 (5.7) 174 (6.7) 394 (10.6)
 Right/left trisectionectomy 32 (3.6) 143 (5.5) 321 (8.6)

Technical complexity*  < 0.001
 Grade I 467 (53.1) 1264 (49.0) 1515 (40.7)
 Grade II 221 (25.1) 653 (25.3) 745 (20.0)
 Grade III 191 (21.7) 661 (25.6) 1463 (39.3)

Approach  < 0.001
 Hybrid 16 (1.8) 63 (2.4) 58 (1.6)
 Laparoscopic 790 (89.9) 2211 (85.8) 2959 (79.5)
 Single-port 1 (0.1) 2 (0.1) 0 (0.0)
 Robotic 72 (8.2) 302 (11.7) 706 (19.0)
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cholangiocarcinoma, concerns regarding the oncologi-
cal adequacy and short-term benefits of MILS been over-
come only in recent years. In the past, some authors raised 
skepticism about the possibility of obtaining an adequate 
lymphadenectomy by the minimally invasive technique: 
unfortunately, the presence of these report—invalidated by 
the presence of obsolete series in which patients subjected 
to lymph node sampling at low-volume centers had also 
been included – has significantly slowed the spread of this 
approach [33, 34]. Maintaining oncological adequacy as a 
fundamental principle, it is currently known that image mag-
nification and the availability of adequate dissection tools 
are advantages in MILS over open surgery in these patients 
[35]. In particular, robotic approach increases surgical per-
formance in nodal dissection, overcoming laparoscopic 
capability of achieving an adequate lymphadenectomy with 
at least 6 lymph nodes retrieved [36].

Robotic surgery constitutes the main area of present study 
and interest of MILS community. It has certainly developed 
later in liver surgery compared to other areas of abdominal 
surgery due to the still limited diffusion and availability of 
the robotic platform and also to concerns of surgeons regard-
ing the lack of ultrasonic dissector generally used in open 
and laparoscopic surgery [3]. Data from the current series 
demonstrates that the robotic approach is actively grow-
ing, with reasonable estimates of further explosion in the 
coming years. On the one hand indeed, alternative technical 
solutions including hybrid robotic-laparoscopic approach 
have been developed, allowing to maximize the benefits of 
both approaches [37] (i.e., the dexterity of robotics and the 
precision of laparoscopic ultrasonic dissection) and, on the 
other hand, reports of superiority of robotics in situations 
of greater technical complexity have been published [38, 
39]. It is in fact possible that—thanks to a better control 
of intraoperative adverse events—the robotic technique is 

burdened by a lower risk of laparotomic conversion in dif-
ficult resections: the patient is hence exposed to a lower risk 
of postoperative morbidity and mortality which seems cor-
related to the conversion itself [40]. It is therefore reasonable 
that in the short-term future, the need to focus on the topic 
of robotic training will be perceived, as well as the necessity 
to outline the settings in which robot-assisted surgery deter-
mines specific advantages (and hence cost-effectiveness) 
compared to laparoscopy, while preserving the benefits of 
mini-invasiveness.

The perception of the need to have advanced instrumen-
tation and dedicated operating theaters available to offer 
patients suffering from liver disease safe surgery has cre-
ated the background to the current diffusion of advanced 
intraoperative navigation tools in many Italian centers: while 
the availability and the expertise in performing intraopera-
tive ultrasound is a mandatory and considered a consoli-
dated prerequisite, an increasing number of centers report 
the availability of vision systems based on fluorescence 
with indocyanine green, three-dimensional reconstruction 
methods of preoperative images and the possibility of using 
of augmented reality. It is therefore possible that in these 
technologies will become soon an integral part of the instru-
ments available for liver surgeons, both for the purpose of 
training the new generations and to improve the fine surgical 
planning and therefore optimize the results.

The creation of the Italian registry has condensed around 
the same initiative different needs born within the MILS 
area: beside addressing the task of providing an effective 
tool to snapshot the state of the art and to directly detect 
changes of trends on a national and local basis, the registry 
has contributed to the creation of a community that fulfills 
the desire to provide peers a technical and cultural back-
ground. Furthermore, it has laid the foundations for a school 
of minimally invasive liver surgery and the consequent 

Table 5  Perioperative outcomes 
of the entire patient cohort 
from the IGoMILS registry, 
categorized into three different 
timeframes: 2014–2016, 
2017–2019, and 2020–2023

Years (2014–2016)
N = 879

Years (2017–2019)
N = 2578

Years (2020–2023)
N = 3723

p value

Conversion 88 (10.0) 211 (8.2) 258 (6.9) 0.001
Hemorrhage 23 (26.1) 52 (24.6) 75 (29.1)
Adhesions 15 (17.0) 73 (35.6) 80 (31.0)
Oncologic reasons 42 (47.7) 49 (23.2) 45 (17.4)
Iatrogenic injury 6 (6.8) 32 (15.2) 31 (12.0)
Anaesthesiological reasons 2 (2.3) 15 (7.1) 27 (10.5)
R1 margin 116 (13.2) 253 (9.8) 369 (9.9) 0.002
Blood loss, mL 200 (50–350) 250 (50–300) 200 (50–350) 0.672
Operative time, min 250 (180–420) 300 (160–450) 300 (170–460) 0.243
Any complications 180 (20.5) 558 (21.6) 822 (22.1) 0.084
Major complications 51 (5.8) 143 (5.5) 167 (4.5) 0.028
90-days mortality 3 (0.3) 8 (0.3) 7 (0.2) 0.265
LOS (days) 5 (4–8) 5 (3–9) 5 (4–9) 0.482
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increase in the number of surgeons performing MILS in 
each center. Finally it has allowed an analysis of the quality 
of Italian MILS surgery and the evaluation of benchmarks 
values for morbidity according to complexity.

Thanks to the early timing of the I Go MILS registry crea-
tion, it had an active inclusion and participation in the era 
of greater growth and differentiation of MILS in Italy and 
in the world: it is reasonable this prospectively maintained 
dataset will keep representing an effective tool for the Italian 
hepatobiliary community from the cultural, scientific and 
technical perspective.
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