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Liver resection activity – Hepatobiliary Surgery Division
San Raffaele Hospital, Milano (2004-2018)
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Development of «minimally invasive techniques»
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Effort to implement
«minimally invasive perioperative management»



“The establishment and adoption of evidence-based practice 

guidelines improves surgical outcomesʺ

History and background of quality measurement, 
Clin Col Rectal Surg 2014

Perioperative management has been optimized to improve surgical outcome



First do it better, than do it quicker

Henrik Kehlet
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Br J Surg, 2008

In patients treated according to ERAS protocol
 Faster functional recovery
 Shorter length of stay

HPB, 2009

“A multimodal enhanced 
recovery programme in 
laparoscopic liver surgery is 
feasible, safe and may lead to 
accelerated functional 
recovery and reductions in 
LOS»

Effect of ERAS in liver surgery



Int J Surg, 2016

550 patients from 8 RCTs or CCTs

Complications

Hospital stay

Costs

Support ERAS

Effect of ERAS in laparoscopic liver surgery



“Perioperative care

among centers that

perform liver resections

varied substantially and

elements of enhanced

recovery programs had

already been

implemented as part of

daily surgical practice.

This may standardize

care and improve

recovery after liver

surgery”.



Discrepancy between
functional recovery and 

discharge

Faster discharge in centers 
with more extensive

adoption of ERAS protocol

Faster functional recovery
in centers with more 

extensive adoption of ERAS 
protocol







All the patients undergoing liver resection, irrespectively of both the extension of
the resection (major or minor) and the approach (laparoscopic or open) are treated
according to ERAS protocol

All the patients requiring liver surgery in association with procedures including
common bile duct resection (e.g. biliary-enteric anastomosis) or colorectal
resections (e.g. patients undergoing combined resection of colorectal cancer with
synchronous liver metastases) are treated according to ERAS protocol

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

Inclusion criteria

Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


 Preoperative meeting with the hepatobiliary team (surgeon,
anaesthersiologist, nurse), which will take place in the hospital 2-4 weeks
before surgery: the patient will receive a leaflet explaining perioperative
steps (meeting with the case-manager nurse)

 Evaluation of motility and nutritional status by the means of MUST index
(Malnutritional Universal Screening Tool).

 If nutritional status is not adequate (weight loss of 10-15% in the last 6
months, BMI<18.5, serum albumin <30) the intake of oral supplements
(immunonutrition) is recommended 5-7 days before surgery. In case of
severe malnutrition, enteral nutrition supplement is considered

a. Preoperative step (outpatient)

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

1. Fast-track protocol
Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


No bowel preparation (unless the patient referres no canalization in the 3 days
before surgery)

Routine blood tests, typing of blood group. Blood units are required to be
available during surgery (According to Transfusion Risk Score – TRS)

Depilation

Dinner and intake of 2 packages (400 ml) of PREOP (12,5 gr of maltodestrin/100
ml of drink). No intake of solid food for 6 hours and no intake of liquids for 2
hours before surgery

No anaesthetic premedication

Antibiotic therapy is started if a biliary drainage is in place

a. Preoperativestep (inpatient)

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


b. Intraoperativestep

• Liver resections are performed under general anaesthesia, with the association, if possible, of a
locoregional analgesia technique, to obtain an adequate control of postoperative pain.

• Management protocols (especially in terms of analgesia) can be classified according to the
planned resection :

MAJOR OPEN 
LIVER RESECTIONS 

( ≥ 3 hepatic
segments)

MINOR OPEN 
LIVER RESECTIONS 

( ≤ 3 hepatic
segments)

LAPAROSCOPIC 
LIVER RESECTIONS

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

Hepatobiliary Surgery Division, OSR – Fast track protocol

Tailored standardization

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


Minor Open Major Open Laparoscopic Perihilar

CVC No No No No

Vigileo Yes Yes Yes Yes)

Anaesthesia
Gen + Peri or Gen + Spin (ev. 

TAP) Gen + PVT
Gen + Spin (ev. 

TAP) Gen + PVT

Paracetamol 1g x 3 1g x 3 1g x 3 1g x 3

Tapentadol 50 mg x 2 (if spinal) No 50 mg x 2 No

NSAID
Ketorolac 30 mg ab

(max 90 mg die)
Ketorolac 30 mg ab

(max 90 mg die)
Ketorolac 30 mg ab

(max 90 mg die)
Ketorolac 30 mg ab

(max 90 mg die)

b. Intraoperativestep

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

A nutritional digiunostomy is considered whenever a patient requiring a major or extended
resection has a significant risk of postoperative liver failure

Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

HPB, 2016

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


b. Intraoperativestep

• Antibiotic prophylaxis (1° generation cefalosporin) and single dose of methilprednisolon
500 mg

• Nasogastric/orogastric tube removed at the end of the procedure

• Monitoring of the volemic status by minimally invasive techniques (Vigileo: Stroke
Volume Variation, Stroke Volume, Cardiac Output, Oxygen Delivery)

• Liver transection is performed within hypovolemic status (SVV between 15 and 20%):
normal volemia is restored at the end of the procedure. Cristalloids infusion 3-4 mL/kg/h

• No abdominal drainage, unless specific contraindications
• Unsatisfactory biliostasis/haemostasis at the end of procedure
• Redo surgery
• Resections of areas not easily accessible by percutaneous drainage
• Patients requiring biliary enteric anastomosis or colorectal anastomosis
• Patients with biliary enteric anastomosis (risk of intrahepatic abscesses)

• No ICU

Hepatobiliary Surgery Division, OSR – Fast track protocol



EUROPEAN GUIDELINES for anaesthesiologicalmanagement



c. Postoperativestep

 Antithrombotic profilaxis: from the night of surgery, according to institutional protocols (controindications: <
6 h from surgery; PLT<50.000; INR>1,8; resection of more than 70% of the liver parenchyma)

 Ev fluids and other therapies: crystalloids 10 ml/kg/die ev. In case of hypotension, use of inotrope or
vasopressor drugs is allowed. Diuretic stimulation if diuresis under 30-40 ml/h. In all the patients use of PPI
is recommended, as well as ondansetron 4 mg ev to treat PONV.

 Nutrition: when awake, the patient can take liquids. Oral diet is allowed is the patient is back in the ward
before 2 p.m.

 Analgesia

 No antibiotic prophylaxis (unless the patient has a biliary drainage or a biliary enteric anastomosis)

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


First POD

• Ev fluids and other therapies: crystalloids 10 ml/kg/die ev.  In case of hypotension, use of inotrope or vasopressor drugs is
allowed. Diuretic stimulation if diuresis under 30-40 ml/h.  In all the patients use of PPI is recommended, as well as
ondansetron 4 mg ev to treat PONV.

• Enteral feeding: allowed if the patient tolerates it

• Early mobilization: at least 4 hours seat

• Pain control: as in POD 0

Second POD

• Ev fluids and other therapies: Ev fluids discontinuation, removal of catheter for diuresis and CVC (in patients who have it). In all
the patients use of PPI is recommended. Contraindications for fluids discontinuation: no normovolemic status, no adequate
oral liquids intake, increased transaminases (>1000 AST or ALT), perihilar tumors

• Enteral feeding: the patient drinks at least 1500 mL of fluids and have normal oral diet

• Early mobilization: at least 6 hours seat . Deambulation

• Pain control

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

c. Postoperative step

Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


Third POD

• Enteral feeding: the patient drinks at least 1500 mL of fluids and have normal oral diet

• Early mobilization: Deambulation

• Discharge criteria evaluation

Forth POD

• Enteral feeding: the patient drinks at least 1500 mL of fluids and have normal oral diet

• Early mobilization: Deambulation

• Pain control: with oral analgesics only

• If all discharge criteria are met and the patient agrees, he/she can be discharged

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

c. Postoperative step

Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


Discharge criteria

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

Adequate oral feeding

Adequate pain control with oral analgesics

Normal deambulation and self-care autonomy

No complications

Patient agreement

Hepatobiliary Surgery Division, OSR – Fast track protocol

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


Inclusion criteria

OSR hyper-ERAS PROTOCOL

Surgery (only laparoscopic):
- Cysts unroofing
- Minor resections (<3 

segments)
- Lesions in “laparoscopic” 

segments
- First resection (redo 

excluded)
Patient
- Age<75 years
- ASA I and II
- Adequate nutritional status
- Trasfusion Risk Score = 0 o 1
Environment
- Presence of the caregiver
- Less than 30’ far from OSR 
- Adequate level of 

comprehension

Surgery

Recovery 
room

Ward 

Discharge
after 24 hours

Check drop out 
criteria

Check drop out 
criteria

Check drop out 
criteria

Check discharge
out criteria



From January to May 2014, 1583 hepatic resections were performed at the Hepatobiliary
Surgery Division of San Raffaele Hospital, Milano

364 (23%)

performed for 
HCC

249 minor 
resections

207 minor 
resections

Re-resections
excluded

Stratified in 3 groups: 
- Open pre-ERAS
- Laparoscopic
- Open ERAS

San Raffaele Scientific Institute - Hepatobiliary Surgery – San Raffaele University

Group A:

Open pre-ERAS

(95 patients)

Group B: 

Laparoscopic

(55 patients)

Group C: 

Open ERAS

(57 patients)

VS VS

Digestive Liver Disease, 2016

http://www.ospedalesanraffaele.it/
http://www.ospedalesanraffaele.it/


Digestive Liver Disease, 2016

Outcome of patients
undergoing liver resection

for HCC at OSR

 Gruppo A: Resections Open pre-ERAS
 Gruppo B: Resections LPS
 Gruppo C: Resections Open ERAS



Variable, n(%)
LPS Group (n=102) Open Group (n=102) P

Preoperative counselling 85 (83.3) 79 (77.4) NS

Minimal preoperative fastening 100 (98) 98 (96.1) NS

No bowel preparation 99 (97.1) 98 (96.1) NS

Preop drink intake 94 (92.2) 93 (91.2) NS

No premedication 99 (97.1) 94 (92.2) NS

Thoracic epidural anesthesia 67 (65.7) 83 (81.4) 0.043

Avoidance of morphin 97 (95.1) 89 (87.2) 0.044

Prevention of hypothermia 102 (100) 102 (100) NS

SVV monitoring 84 (82.4) 77 (75.5) 0.048

No abdominal drain 65 (63.7) 61 (59.8) NS

No NG tube 102 (100) 102 (100) NS

Early liquid intake (POD 0-1) 102 (100) 100 (98) NS

Early mobilization (POD 0-1) 98 (96.1) 89 (87.2) 0.033

PONV prophylaxis 94 (92.2) 98 (96.1) NS

Antithrombotic prophylaxis 96 (94.1) 94 (92.2) NS

Antibiotic prophylaxis 102 (100) 102 (100) NS

I/R injury prevention 99 (97.1) 98 (96.1) NS

Review discharge criteria 102 (100) 102 (100) NS

Ileus prevention 51 (50) 60 (58.8) 0.049

Free fluids/normal diet POD1 75 (73.5) 55 (53.9) 0.028

IN fluids discontinued POD2 69 (67.6) 41 (40.2) 0.019

Oral analgesia POD2 71 (69.6) 21 (20.6) 0.001

Normal diet POD2 100 (98) 95 (93.1) NS

Removal urinary catheter POD2 85 (83.3) 63 (61.8) 0.027

Full mobilization POD3 102 (100) 90 (88.2) 0.029

Discharge POD3-4 76 (74.5) 50 (49) 0.015

Abbreviations: SVV, Stroke Volume Variation; NG, Naso Gastric; POD, Post Operative Day; I/R, Ischemia Riperfusion

Laparoscopy is the natural field for a wide implementation of ERAS protocols themselves.

Surgery 2018

83.3% of patients in 
the LPS and 77.4% in 

the Open group 
respected more than 

20 ERAS items 

Ratti F, Cipriani F, Reineke R, Comotti L, Paganelli M, Catena M, Beretta L, Aldrighetti L. 

2018
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LPS approach
Mini-invasiveness
Easy application of FAST track

Open approach
«Maxi»-invasiveness
«Hard» application of FAST track

Implementation of 
laparoscopic programs

Implementation of fast-
track programs in 
candidates unsuitable for 
laparoscopy

Favourable biological
scenario

 Less impact on 
inflammatory profile
and coagulation

 Reduced morbidity
 Faster functional

recovery



Team building (specific skills for specific issues)

Prospective development of the protocol (periodic
internal discussion)

Internal audit 

International multi-institutional trials 

Prospective collection of data

1

2

3

4

5

How to implement ERAS programs?

Surgeon

Nurse 
Anaesthesio

logist

Abdominal drainage, when?
 Unsatisfactory

biliostasis/haemostasis Redo
surgery

 Areas not easily accessible by
percutaneous drainage

 Biliary enteric anastomosis or
colorectal anastomosis

Minor Open Major Open Laparoscopic

CVC No No No

Vigileo Yes Yes Yes

Anaesthesia Gen + Peri or Gen + Spin Gen + PVT Gen + Spin

Paracetamol 1g x 3 1g x 3 1g x 3

Tapentadol 50 mg x 2 (if spinal) No 50 mg x 2 

NSAID Ketorolac 30 mg ab
Ketorolac 30 mg ab Ketorolac 30 mg 

ab

How to manage pain and volemia?

How to manage the contact with the
patient?



Team building (specific skills for specific issues)

Prospective development of the protocol (periodic
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International multi-institutional trials 
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How to implement ERAS programs?

Surgeon

Nurse 
Anaesthesio

logist

Abdominal drainage, when?
 Unsatisfactory

biliostasis/haemostasis Redo
surgery

 Areas not easily accessible by
percutaneous drainage

 Biliary enteric anastomosis or
colorectal anastomosis

Minor Open Major Open Laparoscopic

CVC No No No

Vigileo Yes Yes Yes

Anaesthesia Gen + Peri or Gen + Spin Gen + PVT Gen + Spin

Paracetamol 1g x 3 1g x 3 1g x 3

Tapentadol 50 mg x 2 (if spinal) No 50 mg x 2 

NSAID Ketorolac 30 mg ab
Ketorolac 30 mg ab Ketorolac 30 mg 

ab

How to manage the contact with the
patient?

How to manage pain and volemia?

Patient

Compliance



Team building (specific skills for specific issues)

Prospective development of the protocol (periodic
internal discussion)

Internal audit 

International multi-institutional trials 

Prospective collection of data

1

2

3

4

5

How to implement ERAS programs?

•Version 1.0

•Protocol
developed from 
international trials

•Surgeon + 
anaesthesiologist

2011

•Version 2.0

•Protocol revised
according to 
team experience

•Surgeon + 
anaesthesiologist
+ nurse

2014

•Version 3.0

•Protocol revised
according to 
team experience, 
prospective data 
and guidelines

• Involved
physiotherapists
and psycologists

2016

• Version Hyper

• Selected
patients

2018



Team building (specific skills for specific issues

Prospective development of the protocol (periodic
internal discussion)

Internal audit 

International multi-institutional trials 

Prospective collection of data

1

2

3

4

5

How to implement ERAS programs?



Team building (specific skills for specific issues

Prospective development of the protocol (periodic
internal discussion)

Internal audit 

International multi-institutional trials 

Prospective collection of data
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3

4
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How to implement ERAS programs?



Br J Surg 2016

Specific effect of ERAS: PROCEDURES (Left lateral sectionectomy)



ORANGE II PLUS Trial 

An international multicentre randomised controlled trial of 

open versus laparoscopic hemihepatectomy within an 

ERAS programme

Specific effect of ERAS: PROCEDURES (Major resections)



Team building (specific skills for specific issues

Prospective development of the protocol (periodic
internal discussion)

Internal audit 

International multi-institutional trials 

Prospective collection of data

1

2

3

4

5

How to implement ERAS programs?


