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First Trans-Atlantic platform towards personalized & predictive
modeling of congenital heart disease

« FP7 STREP (Follow-up of FP6 Health-e-Child project)
— Funding: 1 Mio EUR
— January 2010 to June 2012

* International cooperation between EU partners and leading US sites
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Sim-e-Child: Technical Focus
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« Grid/cloud-enabled infrastructure for F
— Aligned clinical databases @
— High-performance computing
— Information & knowledge exchange \

=) Enable international, trans-Atlantic cooperation @

 Computational modeling & simulation of
— Cardio-vascular anatomy
— Function
— Haemodynamics SIEMENS

I:> Incorporate heterogeneous data from EU (OPBG) and US (COAST)

Michael Suihling, Siemens AG EU-US eHealth Cooperation



Infrastructure Overview

Grid-Enabled, Distributed

Web-Portal Data Management &

High-Performance Computing

http://sec-portal.maatqg.fr

Scalable & elastic

4 infrastructure
» thanks to the
Awww -l Cloud
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Image Data (MRI) Anatomical Model Fitting Haemodynamics Simulation
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Velocity vectors Vorticity magnitude
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Sim-e-Child: Clinical Focus [ A=
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« Model validation: Comparison of models with “ground truth” data

— Ensure model robustness and reproducibility on
heterogeneous EU/US data

« Assessment of clinical impact and benefit

— Investigate novel approaches for planning & simulation of
therapies to increase their efficacy and safety

1) Aortic Aneurysm 2) Aortic Coarctation

Assess risk of ascending Predict stenting outcome
aortic dilation (e.g. pressure gradient changes)

Michael Suihling, Siemens AG EU-US eHealth Cooperation
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* Pre- and post-operative flow streamlines

— Pre-op: Complex flow patterns typically associated with
stenosis

— Post-op: After stent implantation, flow is improved,
characterized by lack of recirculation

Coarctation
(pre-op)

Michael Suihling, Siemens AG EU-US eHealth Cooperation



Example of

Current Clinical Validation Ll
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 Comparison of simulated pressure values with cardiac catheterization
pressure measurements in pre- and post stenting cases

Pre-stenting pressure Pre-stenting velocity

hiao 1
£ 120 20
100
i 40
80
mmHg PEAK LATE END PEAK END
SYSTOLE SYSTOLE DIASTOLE SYSTOLE SYSTOLE DIASTOLE cm/s

* Next step: Simulate stenting outcome (e.g. changes in pressure
gradient) by “inserting a virtual stent” in pre-operative image data

Michael Suihling, Siemens AG EU-US eHealth Cooperation
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Input Data Robust Estimation of Personalized Physiological Cardiac Models

CaseReasoner: Generic and Flexible
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Dissemination & Networking through .
ACC's Global Network S | "&Y)
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ACC International
Membership

I Countries with ACC Members

5,000 members in more than 125 countries with
~1000 members in Europe

Michael Suihling, Siemens AG EU-US eHealth Cooperation




Dissemination Events

Enabled by ACC b &Y
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« Atrticle in Cardiology Magazine — sent to over 40,000 ACC members

* Link to project on ACC’s website
e Sim-e-Child booth at ACC.12 (20,000 attendees)
« ACC Heart House Conference planned for June 2012

GOFOR AGC.12

B4  CHICAGO!

New Project to Allow for Large-Scale
Simulations in Pediatric Cardiology.

e Armerican Collg of Cardlology (AC( rered with U.S: nd Intemationsl
Tm»m\muus 1o develop 2 congenital heart disease modeling platform called Sim-g-
Child. The FP7 European Cammission funded project is working to develop a gid-snsbled
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» Base modeling on broad range of data (challenge for rare diseases)
— Ensures more robust and reproducible models
« Handle heterogeneous protocols and clinical workflows
— Increases mutual interoperability and integrability
* Increased potential for dissemination and networking
— Social networking & community building is key
» Exchange of workforces (e.g. PhD student, TUM ¢ SCR, JHU)
* Increased awareness of different regulatory processes
 Leverage technological & financial synergies
— Avoid disparate, redundant work in EU and US

¢

» Reflects needs of globally-acting healthcare industry
— Penetrate global markets

Michael Suihling, Siemens AG EU-US eHealth Cooperation



Future Directions & Needs
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Enhance infrastructure further to render EU/US international
collaboration even more efficient and effective

— Improve ease-of-use and accessibility

— Semantically integrate heterogeneous data

— Establish minimal standards for data and model interoperability
Larger data repositories as basis for modelling

Extend and re-use of models across different diseases areas

Large-scale, data-driven
models and infostructure
for more
effective & efficient
healthcare

W

Health-e-Child

Sim-e-Child. | °q

FP7 ICT Call 9
Proposal

Michael Suihling, Siemens AG EU-US eHealth Cooperation




More Information...

Technologies
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www.sim-e-child.org
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Sim-e-Child: Grid-Enabled Platform for
Simulations in Paediatric Cardiology -
Toward the Personalized Virtual Child Heart

By Razvan lonasec, Siemens Corporate Research, USA, Michael Suehling, Siemens AG, and
Dorin Comaniciu, Siemens Corporate Research, USA, on behalf of the Sim-e-Child consortium.
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Figure 1: Vorticity magnitude for the left and right heart blood flow. From left to right: early
systole, late systole, early diastole, and mid-diastole.

veloping a grid-enabled platform

for large-scale simulations in pae-
diatric cardiology, providing a collabo-
rative environment for construction and
validation of multi-scale personalized
models of the heart. By integrating pa-
tient-specific models of heart anatomy,
function and 1 Sim-e-

T he Sim-e-Child project aims at de-

more reliably assess risk, choose treat-
ments, and ultimately and increase
survival of patients.

Clinical studies have shown that aortic
arch defects, as well as other cardiac di-
sorders, are rarely isolated dysfunctions.
For mstance 50% Ofpahenls with aortic

Child will create the first Trans-Atlantic
platform geared towards predictive, pre-
ventive and personalized management
of congenital aortic arch disease.

There is a high demand for patient-spe-
cific cardiovascular disease therapy.
Paediatric cardiology, in particular, faces
difficult challenges due to the evolving
nature of a child’s heart and vascular
system. Comprehensive and accurate
computer models reconstructed from
patient-specific data and simulated phy-
sical constraints will aid clinicians to

Right Atriam)

Righe Veririci

Figure 2: Comprehensive model of the
heart illustrating the four chambers and
valves.

Michael Stihling, Siemens AG

have a bicuspid aortic valve.
A bicuspid aortic valve is also common
in non-genetic aortic aneurysms. Mar-
fan’s patients, in addition to aortic aneu-
rysms, typically have fu

employ a moving boundary setup, where
cardiac motion is prescribed through ge-
neric or simplified geometric models.
However, clinical decision support re-
quires patient-specific anatomic models,
which contain comprehensive informa-
tion of the chambers, valves and great
vessels for that individual.

Sim-e-Child relies on cutting-edge image
Processing technology to create a modular
framework in which the left ventricle, mi-
tral valve, aortic valve and aorta will be
modelled together, taking into account
their cross-dependency and joint function.
Their patient-specific anatomical and
functional parameters are robustly esti-
mated from imaging data using discrimi-
native machine leaming methods. As large
medical databases become available, ma-
chine learning approaches extended with
semantic constraints have proven to be
successful in solving model estimation
problems in high-dimensional spaces. The
a posteriori probability distribution of the

normal aortic and mitral valves as a
consequence of a fibrillin gene defect.
Similarly, the hemodynamic impact of
these defects is not limited to the aorta.
Coarctation of the aorta results in left
ventricular hypertrophy and diastolic
dysfunction, and in severe cases, secon-
dary pulmonary hypertension and right
ventricular dysfunction. Therefore, it is
crucial to model the i d of

‘model is effectively captured
using boosting algorithms trained on large
populations of expert annotated studies.
The resulting detectors are applied within
a marginal space formulation to hierar-
chically estimate patient-specific models
from unseen cardiac images. In this way,
patient-specific heart models can be gene-
rated from multi-modal data without te-
dious user interaction, enablmg muune

clinical applicability of

the heart and great arteries in a common,
integrated model to account for the spe-
cific human disease characteristics.

Cardiac Hemodynamics Computation, a
key technology developed by Sim-e-
Child, is the computational modelling
of blood hemodynamics within the heart
and the great vessels based on high-qua-
lity models of patient-specific geometry
and dynamics. In recent years, Compu-
tational Fluid Dynamics (CFD) tech-
niques have been used with varying de-
grees of success for simulating blood flow
in the heart. Most of these techniques

EU-US eHealth Cooperation

cardiac modelling.

The Sim-e-Child GFD solver handles the
geometrical and topological complexity
of the cardiac models robustly, using the

Figure 3: Vorticity pattern in patient with
bicuspid aorta during early systole (left]
and mid systole [right).




