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 Single lesion
 Segments 2-6
 Segmentary resections
 Left lateral sectionectomy
 Malignant and benign lesions
 “Major liver resections (ie, right or left

hepatectomies) should be reserved to 
experienced surgeons already facile with 

more limited laparoscopic resections”

 Indications to laparoscopy were
broadened to encompass even
major and complex liver resections

2008

2014

Ann Surg, 2009

Ann Surg, 2014

 Guidelines regarding laparoscopic
approach for liver resections have
been discussed by experts

2017

The spread of minimally invasive surgery – Scientific community

Ann Surg, 2017

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Surg Endosc, 2016

Updates Surg, 2015

Surg Endosc, 2017

Surg Endosc, 2015

Synchronous liver
metastases

Major resections

HCC in cirrhosis

Intrahepatic
cholangiocarcinoma

Jama Surgery, 2018
Colorectal Liver

Metastases
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Liver resection activity – Hepatobiliary Surgery Division
San Raffaele Hospital, Milano (2004-2018)

2005: Ratio 
MILS/Whole 

series
5.8%

2016: 
MILS/Whole 

series
53.1%

2010: 
MILS/Whole 

series
16.3%

2018: 
MILS/Whole 

series
71.1% 
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Laparoscopic

Open

Total

Beginning of 
laparoscopic 

activity
(2005)

1°
laparoscopic 

major 
hepatectomy 

(2007)

60° laparoscopic 
resection (2008)

1° I Go MILS 
Inclusion (2014)
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2971 Hepatic
resections

1032

MILS Resections

790 Minor 
Resections

287 «complex»* 
resections

503 conventional
resections

242
Major/Extended 

Resections

126 Right 
Hepatectomy

Conversion rate: 
17.5% (22/126)

107 Left 
hepatectomy

Conversion rate: 
8.4%(9/107)

9 ALPPS

Conversion rate: 
0% (0/9)

1939

Open Resections

Major resections: 
23.4%

Minor resections: 
76.6% 

Hepatobiliary Surgery Unit
Ospedale San Raffaele - Milano

2971 Resections 01/01/2004             05/04/2019

* P-S segments, lesions close to vessels, 
redo surgery, cirrhosis

5 Right hepatectomy
4 Right trisectionectomy

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Left hepatectomy

Right 
hepatectomy

Multiple 
resections

Complexity

LPS segments
Left lateral sect.
Minor resections

Posterior
segments

SAFETY

ALPPS

Resections in Child B 
Patients RISK

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -

STUDY DESIGN 1004 Hepatic resections

598 ANTEROLATERAL
resections

239 LAPAROSCOPIC 

AL resections

239 OPEN

AL resections

406 POSTEROSUPERIOR
resections

176 LAPAROSCOPIC     

PS resections

176 OPEN                       

PS resections

AL-difference PS-difference

vs* vs*

Variables: 
operative time; estimated blood loss; duration of Pringle manoeuvre; red blood cell transfusion rate; morbidity rate (total, minor and major); 
mortality rate; length of stay; time to orally-controlled postoperative pain; time to independent mobilization; time to tolerance of solid food; 
time for functional recovery; readmission rates; R0 rate. 

HPB 2019

Cipriani F, Ratti F, Paganelli M, Reineke R, Catena M, Aldrighetti L 

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -

Lap vs Open

vs*

Delta of difference
(D-diff)

(Jan. 2011 – Oct. 2017)

PS matching PS matching



2019

Cipriani F, Ratti F, Paganelli M, Reineke R, Catena M, Aldrighetti L 

While both resulting in benefit, the advantage of laparoscopy is greater for posterosuperior than anterolateral
resections. Despite their technical difficulty, these should be considered among the most worthwhile
laparoscopic liver resections.

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -

Lap vs Open



 Laparoscopic liver resections should only be performed by surgeons with advanced
laparoscopic skills and a wide experience of open liver surgery. Surgeons intending to start
a laparoscopic liver practice should first pursue specific training through fellowships,
courses, or proctoring programs. Strong

 Surgeons should develop their laparoscopic liver practice in a stepwise fashion. Proficiency
should initially be gained by performing minor resections of lesions in the left lateral and
anterior segments. Major resections should not be attempted before completing this first
part of the learning curve. Strong

Ann Surg, 2017
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Preoperative difficulty scoring systems allow the selection of cases appropriate for
trainee surgeons and the allocation of lower risk cases to novice surgeons.

Such approaches may also provide a road map for trainees learning surgery, aiming to
a step-by-step training system, and may help surgeons provide patients with more
appropriate information regarding the predicted risks.

11

2018

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Ann Surg, 2017
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Score of Technical difficulty

A novel difficulty scoring system for laparoscopic liver 
resection

Ban D, Wakabayashi G. J HBP Sci 2015

1

2

3

4

5

From the perspective of education and 
assessment of MILS, a system to universally 

determine the difficulty level is essential



14

Risk of intraoperative complications

Br J Surg, 2017

Factors Points

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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HPB, 2017

The difficulty of laparoscopic liver surgery is not fully assessed by
the available difficulty scoring systems and prompts the
development of a new difficulty score that incorporates all factors
believed to increase difficulty.

Factors contributing to difficulty:
- BMI
- Neoadjuvant treatments
- Redo surgery
- Combined procedures

J HBP Sci, 2016

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Skills acquisition: step 1

J HBP Sci 2015

Beginners

2005-2010: 
20 MILS/year

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Step 1 in details

Beginners

Instruments: 

- Ultrasonic dissector, bipolar forceps, lap ultrasound, energy device

Skills: 

- Patient and trocars position
- Parenchymal dissection
- Pringle maneuver
- Laparoscopic ultrasound
- Suturing for bleeding and bile leak
- Define standards

Procedures: 

- Procedures for lesions in laparoscopic segments
- Left lateral sectionectomy



Case studies

18

Characteristics Points

Tumor location 1

Tumor size 0

Proximity to major vessels 0

Liver function 0

Extent of liver resection 0

Total score 1

Characteristics Points

Neaodjuvant CT 0

Previous open liver surgery 0

Lesion type 2

Lesion size 0

Classification of resection 0

Total score 2
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Diagnosis: Colorectal metastases
Procedure: Wedge Sg3 resection

LOW

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 2

Tumor size 0

Proximity to major vessels 0

Liver function 0

Extent of liver resection 0

Total score 2

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 0

Lesion type 2

Lesion size 0

Classification of resection 0

Total score 2
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Diagnosis: Colorectal liver metastases
Procedure: Subsegmental Sg6 resection

LOW

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 2

Tumor size 1

Proximity to major vessels 0

Liver function 0

Extent of liver resection 0

Total score 3

Characteristics Points

Neadjuvant CT 0

Previous open liver surgery 0

Lesion type 0

Lesion size 3

Classification of resection 0

Total score 3
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Diagnosis: Adenoma
Procedure: Subsegmental Sg2 resection

LOW

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



21

Skills acquisition: step 2

J HBP Sci 2015

Intermediate

2010-2014: 
40 MILS/year

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Step 2 in details
Intermediate

Instruments: 

- Atraumatic retractors, instruments for hilar dissection

Skills: 

- Right liver full mobilization
- Vena cava exposure
- Approach to major pedicles
- Expertise in liver ultrasound guidance for liver resections

Procedures: 

- Anatomical resections of laparoscopic segments
- Multiple resections in laparoscopic segments
- Left hepatectomy

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 2

Tumor size 0

Proximity to major vessels 0

Liver function 0

Extent of liver resection 3

Total score 5

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 0

Lesion type 2

Lesion size 2

Classification of resection 2

Total score 6
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Diagnosis: Colorectal metastases
Procedure: Sg6 segmental resection

INTERMEDIATE

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 1

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score 7

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 0

Lesion type 2

Lesion size 2

Classification of resection 4

Total score 8
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Diagnosis: Intrahepatic cholangiocarcinoma
Procedure: Left hepatectomy

INTERMEDIATE-HIGH

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 3

Tumor size 1

Proximity to major vessels 0

Liver function 0

Extent of liver resection 3

Total score 7

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 0

Lesion type 2

Lesion size 2

Classification of resection 0

Total score 4
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Diagnosis: HCC
Procedure: Sg5 segmental resection

INTERMEDIATE

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Skills acquisition: step 3

J HBP Sci 2015

Experts

2014-2018: 
100 cases/year

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Step 3 in details
Experts

Instruments: 

- Laparoscopic liver surgery operating room (advanced vision systems, 
integrated imaging systems, pre-defined sets of instruments for different type
of resections)

Skills: 

- Approach to hepatocaval confluence
- Laparoscopic hanging maneuver
- Laparoscopic lymphadenectomy
- Vascular sutures and biliary reconstructions

Procedures: 

- Right hepatectomy/extended hemihepatectomies
- Resection of posterosuperior segments
- ALPPS procedures
- Advanced cirrhotic patients
- Living donor

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 5

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score >10

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 0

Lesion type 2

Lesion size 3

Classification of resection 2

Total score 7
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Diagnosis: Intrahepatic cholangiocarcinoma
Procedure: Right posterior sectionectomy

HIGH

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 5

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score >10

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 0

Lesion type 0

Lesion size 3

Classification of resection 4

Total score 7
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Diagnosis: Giant haemangioma
Procedure: Right hepatectomy

HIGH

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 3

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score 9

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 5

Lesion type 0

Lesion size 3

Classification of resection 4

Total score 12
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Diagnosis: Biliary Cystadenoma
Procedure: Left hepatectomy

HIGH

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 3

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score 9

Characteristics Points

Neoadjuvant CT 2

Previous open liver surgery 0

Lesion type 2

Lesion size 3

Classification of resection 4

Total score 11
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Diagnosis: Colorectal liver metastases
Procedure: Left hepatectomy + multiple 
right wedge resections and ablations

HIGH

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 5

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score >10

Characteristics Points

Neoadjuvant CT 0

Previous open liver surgery 0

Lesion type 2

Lesion size 3

Classification of resection 4

Total score 9
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Diagnosis: Hepatocellular carcinoma
Procedure: Right hepatectomy

HIGH

Surg Endosc, 2016
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Case studies
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Characteristics Points

Tumor location 5

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score >10

Characteristics Points

Neoadjuvant CT 2

Previous open liver surgery 0

Lesion type 2

Lesion size 3

Classification of resection 4

Total score >10
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Diagnosis: Colorectal metastases with biliary
thrombosis
Procedure: Right hepatectomy

HIGH

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Case studies
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Characteristics Points

Tumor location 5

Tumor size 1

Proximity to major vessels 1

Liver function 0

Extent of liver resection 4

Total score >10

Characteristics Points

Neoadjuvant CT 2

Previous open liver surgery 0

Lesion type 2

Lesion size 3

Classification of resection 4

Total score >10
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Diagnosis: Colorectal metastases
Procedure: ALPPS

HIGH

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



What about the «numbers» of learning curve?

35- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Ann Surg, 2009

60 cases to complete the learning curve in minor MILS

…but…

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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Ann Surg, 2019

Risk-adjusted CUSUM 
analysis for in-hospital 

stay after MILS

Pioneers

New generations

New generations vs pioneers
Shorter learning curve

Single procedure analyzed
Shorter learning curve

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -
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CUSUM analysis of learning curve

Low difficulty MILS: 60 cases

Intermediate difficulty MILS: 15 cases

High difficulty MILS: 15 cases

A standard educational model—stepwise and progressive—is
mandatory to allow surgeons to deine the technical and
technological backgrounds to deal with a specific degree of diiculty,
providing a help in the definition of indications to laparoscopic
approach in each phase of training.

- Hepatobiliary Surgery Division, San Raffaele Hospital, Milano, Italy -



Conclusion

The stepwise approach in the development of the expertise in laparoscopic
liver surgery depends on: 

39

Obtaining scientific and technical background to define
the level of difficulty based on preoperative imaging

Strict adherence to the progressive acquisition of 
technological knowledge and surgical skills

Indentifying core-step procedures according to the 
difficulty score


