
Interest of Digital Twin in Liver Surgery

Eric Vibert, MD, PhD, IKO

Tribute to Irene Vignon Clementel
and Stephane Cotin from INRIA



Links of interest in my lab of Digital Innovation for OR 

Startups

Mecenes

2

TWINICAL

Co-Founder

Disclosure – Co Founder of Startup



CHAIRE INNOVATION BOPA: ORGANISATION EN BLOC 

Nicola

s

Cabrit

Lucas 

Rabau

x

Rodrigue

Doamba



CHAIRE INNOVATION BOPA: ORGANISATION EN BLOC 

BLOC DATA

BLOC WAVE 

BOPA DANS SON 

ENVIRONNEMENTBLOC TWIN 

BLOC SCRUB 

BLOC HUMAN  FACTORS



The Liver, a Well-Organized and Deformable Organ

A Soft Brocoli 





Couinaud C. Le foie. Etudes anatomiques et Chirurgicale. Masson, 1957

Bismuth H. Major and Minor segmentectomies “réglées” in liver surgery. World Journal Surgery 1982

The « Alphabet of the Liver »

Done « words » with the alphabet…
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Vibert, Olthoff, Schwarz. Review about Liver Resection and Transplant for HCC.  J Hep 2020

Spleen Vol > 400 ml ?
In absence of right large tumor



Tumor Location into the liver

LiverSP by SIGHT



Closer to the complexity of reality 
to improve safety in surgery

1. A common digital reference to talk about the same thing to learn and identify
complexe cases to adapt the patient journey

2. Anticipate the anatomical and hemodynamic consequences of our treatment

3. Feed and Optimize the Model to grow the digital twin

Digital Twin In Liver Surgery



Digital “quantification” to identify complexity  
and help non “expert” surgeon

Omar Ali , Irène Vignon-Clementel...Vibert E. Nature BioMed Submited

Quantifier Numérique les Rapports entre une anatomie ET une tumeur N=145 Pts with HCC 



Digital Liver Resection Complexity Prediction

Omar Ali - PhD Thesis Defense

LRC: Liver Resection ComplexityLRC: Liver Resection Complexity

Train



Automatical Prediction of Liver Resection Complexity

Omar Ali - PhD Thesis Defense
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Automatical Prediction of Liver Resection Complexity



Liver Resection Complexity Prediction

Omar Ali - PhD Thesis Defense

Liver Resection Complexity: Quantitative Results

Proposed model surpasses individual and combined predictions of the five liver surgeons
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Closer to the complexity of reality 
to improve safety in surgery

1. A common digital reference to talk about the same thing to learn and identify
complexe cases to adapt the patient journey

2. Anticipate the anatomical and hemodynamic consequences of our treatment

3. Feed and Optimize the Model to grow the digital twin

Digital Twin In Liver Surgery



Couinaud C. Le foie. Etudes anatomiques et Chirurgicale. Masson, 1957

Bismuth H. Major and Minor segmentectomies “réglées” in liver surgery. World Journal Surgery 1982

The « Alphabet of the Liver »

Done « words » with the alphabet…
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Adapt the level of anatomical 
complexity to the objective…

Couinaud Schema is correct for the staff meeting but not always for the surgery…
J Hepatol 2018



From Standard Anatomy to Personalized



An « old » Japanese Surgical Tradition of PRECISION

Hepatology 2005

72 pts

PVE or Not ?



J Gastro Intestinal Surgery 2022

144 pts More Precise, Reliable and Very Rapid

2 min vs 35 min



12 Retrospectives studies that evaluated some
intraoperatives and postoperatives data with or without

preoperative virtual hepatectomy : 2053 Patients 

Less Post Operatives Complications with 3D…

Hepatectomy for Cancer or Intra Hepatic Lithiasis Asian Journal of Surgery 2023



From 3D Liver Reconstruction to Digital Liver
Twin

Automatic 3D 
reconstruction of 
anatomical structures

2
Stable and automatic FEM 
mesh generation using an 
immersed boundary approach

Integration of vessels as 
beam elements for 
improved simulation

Automatic 
segmentation from 
medical images

1 3 4

“Digital twins use data from sensors installed on physical objects to determine

the objects’ real-time performance, operating conditions, and changes over

time. Using this data, the digital twin evolves and continuously updates to

reflect any change to the physical counterpart … creating a closed-loop of

feedback in a virtual environment.“
Stephane Cotin, Famous French Mathematician



Golse, Vibert …. Cotin, J Gastro Intestinal Surgery, 2019 



Our U-mesh method
Computation time 3 ms per time step
Accuracy mean TRE: 2.9 mm

Deep Physics for elastic registration and validation

Validation on ex vivo
explanted human 
liver

FEM model

Ground truth

U-mesh prediction

J-N Brunet, A Mendizabal, A Petit, N Golse, E Vibert, S Cotin. Physics-based Deep Neural Network for Augmented Reality during Liver Surgery. Proc MICCAI 2019

Deformated under CT Scan
Including Cholangiography



Look what happen during surgery today to 
create very realistic models tomorrow…



Digital Twins for better outcomes in oncologic liver surgery

Augment vision. Reduce errors. Save lives.

Mario Aricò, CEO
Ph.D. in Surgical Robotics
BFC19 INSEAD graduate

Stéphane Cotin, CSO
Research Scientist
Head of MIMESIS @INRIA

Eric Vibert, CMO
HPB Surgeon @ AP-HP
France2030 Ambassador



To operate after the limit defined by liver volume 

The Portal Caval Gradiant < 12 mmHg at the end of 
sugery is the key to avoid post-operative death



How anticipate ACCURATELY the 
hemodynamic consequence of 
our surgery according to the 
furut liver remnant volume ?



Digital twin concept to predict porto-caval gradiant

Intraoperative data collection + 

preoperative volumetric data

Golse, …,Vibert, Vignon-Clementel, J Hepatology 2021

OD Model 



« Estimated data » for hepatic arterial flow : 5% of the 
measure aortic flow (Vilgrain et al. J Radiol 2002)

Flow MRI Preoperatively to measure Aortic and Portal Flow…



47 patients inclus

12 patients avec EP 
préop

35 patients sans EP 
préop

7 IRM de flux 
préop

11 mesures flux 
VP/AH perop

35 flux estimés 
VP/AH via QAo

2 IRM de flux 
préop

5 mesures flux 
VP/AH perop

12 flux estimés 
VP/AH via QAo

9 IRM de flux 
préop

16 mesures flux 
VP/AH perop

47 flux estimés 
VP/AH via QAo

32

Prospective Evaluation of 0D 
model in human in Paul Brousse  



Intraoperative data collection + 

preoperative volumetric data

Patient requiring major 

hepatectomy

Preoperative concern about 

postoperative risk of portal 

hypertension

EASL risk assessment: intermediate or 

high risk of decompensation

Liver function: discrepancy between 

current tools available (i.e. normal 

indocyanine clearance but elevated liver 

stiffness)

High-risk patient (comorbidities)

Anticipation of 

postoperative

portal/central 

pressures + flows

Validation

of simulations 

on a cohort of 

47 patients 

Golse, …,Vibert, Vignon-Clementel, J Hepatology 2021



Intraoperative data 

collection + preoperative

volumetric data

Patient requiring major 

hepatectomy

Preoperative concern about 

postoperative risk of portal 

hypertension

EASL risk assessment: intermediate or 

high risk of decompensation

Liver function: discrepancy between 

current tools available (i.e. normal 

indocyanine clearance but elevated liver 

stiffness)

High-risk patient (comorbidities)

Near future

simulation 

performed 100% 

intraoperatively 

or even 

preoperatively

Anticipation of 

postoperative

portal/central 

pressures + flows

Near future
Improvement of the 

decision-making

process

Surgery confirmed / 

cancelled / modified

Validation

of simulations 

on a cohort of 

47 patients 

Golse et al, J Hepatology 2021



Finaly, Paul Valery is more and more wrong !

« Ce qui est simple est faux mais ce 
qui est juste est inexploitable »

This was no more totaly true with digital 
twin so we need to use it (and feed it…) 
to improve the safety of liver surgery


