Towards Utilization of Computational Biomechanics in
Circulatory System
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(Diagnosis and Surgery)

-
(PTCA):
Cerebral Aneurysm Coronary Artery Stenosis Treatment
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(Not only the image but also the function)
I

CFD Modeling for simulation-based predictive medicine
Computation-Aided Diagnosis ( ) and Computation-Aided Surgery (

Predictive Medicine: Computation-Aided Diagnosis(CAD) and Surgery (CAS)




Establishment of a PAtient-Specific Simulator (PASS) Is a key.

Patient-Specific Simulator of Haemodynamics




Multi-Scale Computational Haemodynamics
Blood dynamics in circulation system involve length scales in vastly different ranges.

cm-scale (Second):
Macro-hemodynamic

The Wholism is King!

mm-scale (Hour):
Meso-hemodynamics

um-scale (Day):
Micro-hemodynamics

M. 2l == nm-scale (Month):
:
T Nano-hemodynamics

—

DNA is King! @




Prototype, Multi-Scale, Computational Modeling
of Aorta Haemodynamics

1D modeling of systemic circulation 3D modeling of local flow and WSS‘




A Prototype, Multi-Scale, Overset grid, Computational
Model of Aortic Arch Haemoedynamics

Anonyma (C)
1D+3D modelii ncal vascular flow
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Hemodynamics at EC level (unsteady

Asc Aorta (A)

Flow rate (cm /s)
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How to V&V (validate & verify) the simulations?
A Two-Modeling Method
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Realistic Modeling
of Virtual Reality

Conceptual
Modeling




Image-Based Morphological Modeling
PAtient-Specific Simulator (PASS) of Haemodynamics

Image-based
Realistic
Morphological
Modeling

1) 2)

Raw Medical Images Segmentation

3) 4)

Smoothing & Curve/Surface Fitting Modeling & Domain Disretization







In-vivo Physiological Modeling

PAtient-Specific Simulator (PASS) of Haemodynamics

Measurement-based
Realistic
Physiological
Modeling

1)In-Vivo Flow / Pressure Rate-based
Modeling

2) Low-Dim. Model-based Modeling

3) Extraction Method for Blood Vessels,
Based on the Velocity Profile
Measured by Phase Shift Method
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Multi-Scale Computational Modeling
PAtient-Specific Simulator (PASS) of Haemodynamics

Measurement-based Global
Realistic Realistic
Physiological Computational Mechanical
Modeling Modeling







Towards the clinical applications

.............

Development of a multi-scale simulator for circulatory system
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