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The Living Heart 3DEXPERIENCE 

Jean Colombel 
Vice President 

Life Sciences Industry 
Dassault Systèmes 
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Dassault Systèmes 

a Scientific 
company 
Combining Science, 
Technology and Art for a 
sustainable society 

14,000 
passionate people 
•  123 nationalities / 172 sites 
• One global R&D / 56 labs  
• Game changing 3DEXPERIENCE 
   solutions 

>200,000 enterprise 
customers 
•  12 industries in 140 countries 
•  25 million users 

12,600 
partners 
• Software, Technology & 

Architecture 
• Content & Online Services 
• Sales 
• Consulting & System 

Integrators 
• Education 
• Research 

Long-term 
driven 
• Majority shareholder control  
• Revenue: $3.2 Bn* 
• Operating margin: 30.8%* 

* Figures as of FY 2015 / Non-IFRS 
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Innovation is Dassault Systèmes DNA 

Aerospace & Defense 

Transportation & Mobility 

Marine & Offshore 

High-Tech 

Consumer Goods - Retail 

Consumer Packaged Goods - Retail  

Life Sciences 

Energy, Process & Utilities 

 Architecture, Engineering & Construction  

Financial & Business Services 

Industrial Equipment 

Natural Resources 
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Life Sciences Innovation at Dassault Systèmes 

PHARMA & BIOTECH MEDICAL DEVICE 

PATIENT CARE 
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Medical Device Innovation - Application of Simulation 
Sources of Scientific Evidence ….. Accelerating Innovation 

Credit: MDIC Modeling and Simulation Project 

Test Simulation 

Test data courtesy SRI. Abaqus model 
courtesy NDC 
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Support for Modeling and Simulation by FDA is Clear 



7 

3D
S.

CO
M 

© 
Da

ss
au

lt S
ys

tèm
es

 | C
on

fid
en

tia
l In

for
ma

tio
n |

 12
/06

/16
 | r

ef.
: 3

DS
_D

oc
um

en
t_2

01
5 

Medical 
Device 

is guided 
by a 

Digital Healthcare & Medical Device Innovation 
Implanted  

into a 

and 
procedure to 
correct a 

Patient 

to select 
the right 

To manage 

Device 

monitoring 
function to 

provide 
Health Data  

for a clinician 
to choose the 

right 

successful 
outcomes and 

revisions 

of a 

Disease or  
defect 

and 
become 
part of a  

Patient 
Population 

Drugs 

Pre-surgical  
plan 
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Anatomically Correct 
Healthy Heart 

(Electro, Mechanical, Fluid) 

Understand Disease States 
-  Atherosclerosis 
-  Cardiomyopathies  
-  Arrhythmias 

Medical Device  
Design/Training 

Personalized Education 
- Patient Engagement 
      - Pre/Post Surgery 
      - On-Going Care Pre-Surgical Plan 

•  Anatomical Insight 
•  Device Selection 
•  Procedure Planning 
•  Outcome Prediction 

Diagnosis 

3D Printing 
•  Patient Specific Surgical Planning 
•  Patient Specific Device 

-  Improved Product Design 
-  Quality & Patient Safety 
-  Accelerate Time to Market   - 

Accelerate Clinical Trials 

Listening to Healthcare Specialists 
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o  Intuitive interface 
o  Educate patients 
o  Educate students 
o  Reduce expertise 
o  Facilitate diagnosis 

Value of 3D 

1D 2D 
3D 

Echocardiography: 
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Value of Simulation 

Virtual Populations & Personalized Treatments Design Testing & Procedural Planning 

Strains      Stresses   
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Value of Simulation 
o  Heart Failure 
o  Heart Attack 
o  Arrhythmias 
o  Sudden Cardiac Death 

Anatomic 
Information 

New Forms of Information 

?




12 

3D
S.

CO
M 

© 
Da

ss
au

lt S
ys

tèm
es

 | C
on

fid
en

tia
l In

for
ma

tio
n |

 12
/06

/16
 | r

ef.
: 3

DS
_D

oc
um

en
t_2

01
5 

Project Members 
Researchers  Paul Segars, Ph.D. 

Associate Professor of Radiology  
and Biomedical Engineering California Medical 

Innovations Institute 

Ghassan Kassab, Ph.D. 
President 

Paul Iaizzo, Ph.D. 
Professor, Department of Surgery, University of 

Minnesota and Principal Investigator for the 
Visible Heart Lab located at University of 

Minnesota 

Claudio Capelli, Ph.D. 
Research Associate, Cardiovascular Imaging Group 

Silvia Schievano, Ph.D. 
Senior Lecturer, Cardiovascular Imaging Group 

Institute of  
Cardiovascular Science 

Ellen Kuhl, Ph.D. 
Associate Professor of Mechanics  

and Computation 

Ivan Costa, Ph.D. 
Professor 

Neil Davies, Ph.D. 
Senior Lecturer 

Thomas Franz, Ph.D. 
Associate Professor 

 

Xiaoyu Luo, Ph.D. 
Professor 

James F. Greenleaf, Ph.D. 
Professor of Biomedical Engineering 

Matthew W. Urban, Ph.D. 
Associate Professor of Biomedical Engineering 

Kumaran Kolandaivelu, 
M.D., Ph.D. and Cardiologist 

Instructor of Medicine, Harvard Medical School, 
Medical Director, Clinical Research Center, 

Massachusetts Institute of Technology 

Daniel Hurtado, Ph.D. 
Assistant Professor 

Kirill  Klyshnikov, Ph.D. 
Assistant Professor 

Zhong You, Ph.D. 
Professor, Department of Engineering 

Science 

Veysel Ödemis, M.D. 
Professor, The Faculty for Medicine and 

Health Sciences 

Gregor Theilmeier, M.D. 
Dean of The Faculty for Medicine and 

Health Sciences 

Bob Schwengel, M.D., 
FACC 

Cardiologist 

Elazer Edelman, M.D., 
Ph.D. 

Professor, MIT; Director of  the Harvard-MIT 
Biomedical Engineering Center; and Senior 

Attending Physician, coronary care unit , 
Brigham and Women's Hospital  

James Perry, M.D. 
Professor of Pediatrics, University of California 
San Diego, Director of Electrophysiology and 

Adult Congenital Heart Programs, Rady 
Children’s Hospital 

Elaine Tseng, M.D. 
Associate Professor of Surgery, 

UCSF Medical Center, Acting Chief 
of Cardiothoracic Surgery, SFVAMC 

Volkmar Falk, M.D., Ph.D. 
Chairman of the Department of Cardiothoracic 

and Vascular Surgery 

Abas Abdoli, Ph.D. 
Adjunct Professor, Department of Mechanical and 

Materials Engineering 

George Dulikravich, Ph.D., 
FASME, FAAM, FRAeS 

Professor, Founder, Director MAIDROC Laboratory,  
 
 

Julius Guccione, Ph.D. 
Professor of Surgery at the UCSF School of 

Medicine 

Dan Ennis, Ph.D. 
Associate Professor of Radiological 

Sciences, Bioengineering & Biomedical 
Physics 

 

Liviu Klein,  
M.D., M.S. 

Director, Mechanical 
Circulatory Support and 

Heart Failure Device 
Programs 

Daniel Bluestein, Ph.D. 
Professor of Biomedical Engineering 

Raymond Watrous, 
Ph.D. 

Biomedical Engineering Scientist 

Sebastian Kozerke, 
Ph.D. 

Full Professor of Biomedical Imaging at 
the Department of Information 

Technology and Electrical Engineering 

Regulators / Associations 

Researchers  
Industry 

Clinical Cardiologists Regulators/Associations 
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Human Heart 
CTE Model 

Proof of concept 
Tissue, CTE 

Model Activation 
Fluid Pressure 

Models 

•  Quantitative performance 
•  Electrical network 
•  High fidelity geometry 
•  Device applications  

•  Crowdsource development 
•  Advanced tissue model 
•  Monodomain electrical activation 
•  Closed loop blood flow 

•  DS developed  
•  CTE activated 
•  Simple tissue 
model 

Four chamber 
technique 

 Application 
Based 

Rendering 
 

Electro-Mechanical  
Network Model  Electro-Mechanical  

Activation 

2015 2013 2014 
Jan Sep Nov 

Beta  
Release 

Public Lunch 
SCC Exhibition 

Alpha  
Release 

Project  
Launch 

Oct 

Preview 
Event 

May 

30 
Members 

May 

Concept 13 
Members Living Heart 

Commercial 
Release  

May 

44 
Members 
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Heart Model Geometry 

CAD Geometry 

Co
ur

tes
y o

f Z
yg

ote
 M

ed
ia 

Gr
ou

p, 
Inc

 
Pulmonary 
Trunk 
(Shells) 

Superior Vena Cava 
(Shells) 

Aortic Arch (Shells) 

Mitral Valve (Shells) 
Chordae (Trusses) 

Finite Element Meshes 

Courtesy of Zygote Media Group, Inc 
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Mechanical Model 
Accurately capture fiber orientation distributions 

The fiber orientations are 
complex due to 

•  Heart geometry 
•  The orientations change 

across the heart surface 
•  The orientations change 

through the thickness of the 
heart wall 
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Electrical pathways simulated using hybrid-network approach 
 

Electrical Model 
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Electrical Potential 
Electrical Simulation 

Long-axis Short-axis Long-axis 
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Blood Flow Model 

The blood flow within and outside the 
heart is modeled using a hybrid 3D/

lumped parameter approach 
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Verification – Mechanical Model 
Achieving Steady-State 

Steady state achieved in 3 cycles 

Left Ventricle Left Ventricle Wall Apex-to-Base Shortening 
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Validation: Motion Comparison  
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Medical Devices 

Heart Disease - 
diagnosis & 
treatments 

Bio-treatments 

Medical Image 
Enhancement 

 Data Analytics 

3DPrinting 
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Towards a new Patient Care Experience 
Application of Simulation-based solutions 

Imaging 
Patient specific 

model 
generation 

Diagnosis Treatment 
options Communication 

Patient Education 

3D Printing 
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Personal Heart  
Analysis Workflow

Physician 

CT/MRI/ECG 
Images 

Image 
Segmentation, 
Model building 

on HPC 

Patient  Heart Model 

Image & Data 
Analytics 

Download  
Analysis 
Report 

Store/Compare  to  
Data Bank 

Differential 
Analysis 

Heart Simulation on 
HPC 
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Virtual Pre-Surgical Planning – Annuloplasty Ring Sizing 

Minimize Stress on 
annulus and sutures 

Clinician	can	virtually	implant	
a	mitral	valve	ring	and	view	

the	effect	of	implant	
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Future: Digital Diagnostic Reference Library  
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The Living Heart Project 

Establishing an unified foundation for in silico cardiovascular 
medicine and serving as a common strategy for creating an 
effective path for rapidly translating current and future 
innovations directly into improved patient care. 

Model-based Innovation from Mechanical to ElectroPhysiology 
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31 
To learn more: http://www.3ds.com/heart      jean.colombel@3ds.com 
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