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Dassault Systemes

a Scientific

company

Combining Science,
Technology and Art for a
sustainable society

12 industries in 140 countries
« 25 million users
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passionate people
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* One global R&D / 56 labs
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Innovation is Dassault Systemes DNA
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Medical Device Innovation - Application of Simulation

Sources of Scientific Evidence ..... Accelerating Innovation
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Support for Modeling and Simulation by FDA is Clear

Advancing Regulatory Science
with M&S at FDA

FDA has identified an important role for M&S in its strategic priorities. ‘

#1 Modernize Toxicology

#2 Stimulate Innovation in Clinical
Evaluations and Personalized Medicine to
Improve Product Development and
Patient Outcomes

#4 Ensure FDA Readiness to Evaluate
Innovative Emerging Technologies

Computational models of cells,
organs, and systems, such as virtual
physiologic patients for testing
medical products and predicting
product safety and efficacy.

#5 Harness Diverse Data through
Information Sciences to Improve Health
Outcomes

hitp-/ivww.fda i ialTopics/Regulatol UCM268225 pdf

Medical Device Regulatory Evaluation

Sources of Scientific Evidence

Computer Virtual

Patient

Laboratory Human

=>

Animal

Computer

Animal

Laboratory

Crodit: MOIC Modelng and Simulation Propect

TIME Magazine, April 22, 2002
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Digital Healthcare & Medical Device Innovation
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Listening to Healthcare Spemallsts
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Medical Devi
Atherosclerosis Design/Training
Cardiomyopathies ‘
Arrhythmias - Improved Product Design

- Quality & Patient Safety

.Q‘é Advancing Reguiatory Science
.ﬁﬁ M&S m FOA

Accelerate Time to Market -
Accelerate Clinical Trials
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Anatomically Correct
Healthy Heart
(Electro, Mechanical, Fluid)

Anatomical Insight

Personalized Education
- Patient Engagement
/\‘ - Pre/Post Surgery

Diagnosis

- On-Going Care

Device Selection
Procedure Planning
Outcome Prediction
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Patient Specific Surgical Planning
Patient Specific Device
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Value of 3D ID
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Value of Simulation
\ Strains g, ‘ Stresses o
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Value of Simulation o

o Heart Failure

o Heart Attack ¢

o Arrhythmias

o Sudden Cardiac Death
alelal=lSNgle” @ ‘eEpllell¥

New Forms of Information
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Electro-Mechanical A
Human Heart Electro-Mechanical Network Mode!
Tissue, CTE CTE Model Activation
Model Activation Proof of concept
Fluid Pressure
Models
N
Four chamber * DS developed * Crowdsource development * Quantitative performance Application
technique * CTE activated * Advanced tissue model * Electrical network Based
* Simple tissue * Monodomain electrical activation ~ « High fidelity geometry Rendering
model * Closed loop blood flow * Device applications
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Aortic Arch (Shells)

Heart Model Geometry

Pulmonary
Trunk
(Shells)

right
atrium

right
ventricle

Courtesy of Zyg

. Chordae (Trusses)
Mitral Valve (Shells)

Courtesy of Zygote Media Group, Inc

CAD Geometry Finite Element Meshes
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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 Model

Electrical pathways simulated using hybrid-network approach
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Electrical Simulation

Electrical Potential
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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
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Validation: Motion Comparison
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Towards a new Patient Care Experience

Application of Simulation-based solutions
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Patient specific
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Personal Heart
Analysis Workflow

CT/MRI/ECG

Image & Data
: Images
Analytics
: Image
Segmentation,
Model building
on HPC

Patient Heart Model

Store/Compare to
Data Bank
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Download
Analysis
Report
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Virtual Pre-Surgical Planning — Annuloplasty Ring Sizing

Clinician can virtually implant
a mitral valve ring and view
the effect of implant

Minimize Stress on
annulus and sutures

suture forces 24mm 28mm 32mm sutures
sept f ; 12 13 14
ﬁ). /N\ 20 { \
N k_‘ ), 2
lat N -
K“{. = 8765‘

100mN —

Figure 8. Suture forces upon ring implantation. Suture forces are largest for the 24 mm ring and smallest
for the 32 mm ring. Suture forces are largest in the antero-septal regions, sutures 12 and 13, and in the
postero—lateral regions, sutures 5 and 6; see Table 111

Table I. Annular dimensions of healthy and dilated annulus.

Mitral annular  Mitral annular  Septal-lateral Commissure—commissure

area perimeter distance distance
2
[mm*] [mm] [mm] [mm]
Healthy 581.05 88.07 2747 2372
Dilated 988.01 116.50 36.14 36.66

Changes in mitral annular arca. mitral annular perimeter, septal-lateral distance, and commissure—
commissure distance.

stretch Amax[-]
1.0 m—] e 1.3

2 ‘
DS 2855845 1 The 3DEXPERIENCE’ Company




Future: Digital Diagnostic Reference Library

& & b o
Ly ’};ﬁ







3DEXPERIENCE | SIMULIA Mechanics Model Physical Product ~ JITEW ) oF Fabien Letailleur [§) [+] @] & (2]

NewTabl x 10

XKDHD (O - th®

Setup 000000




The Living Heart Project
Model-based Innovation from Mechanical to ElectroPhysiology

Establishing an unified foundation for in silico cardiovascular A
medicine and serving as.a common strategy for creatingan s, = Researchers
effectiye path for rapidly translating current and future ‘\
inno'{r: directly into improved patient care.
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To Ieérn more: htt://ww.Bds.éom/heart jan.colombeI@Sds.corﬁ
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