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Biomedical Basics-Technological Developments-Medical Implementation

Research for Health
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Quantitative Biomedicine &
Modelling




Computing a heart beat
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Myofilament Model

* Modeling and Computing
— Electrophysiology (EP)
— Non-linear Elasticity

— Fluid Flow

— Porous Media Flow
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CFD, FSI

Circulatory System
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Mechanics

* EP Applications

H NS
Continuum Coronary Flow

Cavitary Flow

Xs

p(x,t)

— Arrhythmogenesis & Defibrillation

* Mechanics Applications
— Heart Failure and CRT

*  Flow Applications

— Aortic Valve Disease and Coarctations




Viodel Building and Computing
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EP and mechanics are bidirectionally coupled through excitation-
contraction coupling (ECC) and mechano-electric feedback (MEF)




ectrical Dertiprillation

,External”

,Internal”
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Shock Delivery Postshock Virtual Electrode
Polarization

Excitable Gap
-Grad @,

Only reliable therapy to prevent Sudd Cardiac Death
Detrimental effects affect Quality of Life (Pain Perception)

Stochastic phenomenom, success depends on strength,
location, timing, polarity and pulse shape of shock




Tissue Response to Defibrillation Shock — Dependency on Shock Waveform

Monophasic Biphasic
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Xu etal, 5:3329, Nature
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Wide Area Defibrillation
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« Image stack (z-stack)

blomechanics —

A= —— ]

A4 — -+

A - — —

Collagen fibers in the human adventita

Image size (25x water objective)

534 x 534um

Image depth

300nm

Distance between images

1um

Human abdominal aorta before
and after optical clearing
Schriefl et al. [RSI], 2013
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 In-plane collagen fibers in the human media

Cross section of a healthy arterial wall
p = 120 mmHg, axial pre-stretch: 12%




- Material and structural modeling

- Strain-energy function of the artery wall

1inso — 1Jpg((_:) + Z qffi((_:, Hl)
1=4,6

- Energy stored in the two families of dispersed collagen fibers

Wfi((_:, Hi) = Zkklz [exp (sz ) — 1] = 4, 6

- Green—Lagrange strain-like quantity
E_i :Af_l —I—BI_I'—I—(l —3A—B)I_n —1

A and B consider the measured structure of the collagen fibers




" The development of MRI towards a biomarker imaging technique
by the application of advanced MR principles and mathematical
methods. (srg Mobis).
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ntegrated Proc:
Multiparameter MRI (mpMRI)
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mMpMRI:
1. Multiple parameter encoding 3. Model based reconstruction

n T)= M
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2. Generating function for transient Visibility study
Phantom T1,T2

sequences




Image Sequences and Motion Correction e

= Body motion is still a problem for MRI
= Goal: retrospective motion correction

e.g. 3D radial scanning
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Forward operator model with

mapping of motion dependent Challenges and research objective:

osition to k- ) ) ) )
P space data = Motion correction of time-resolved 3D radial

N acquisitions for free-breathing dynamic MRI
_ , = Motion correction high resolution 3D
K:um Z ft(bf Ttu) * |nvestigation new math. Approaches




+* 3T MRI (Research System)

Siemens Skyra, 45mT Gradient, different
Array coils, Head Coils with 20 and 32
channels, Mouse & Rat coil., fMRI
equipment, Elastography unit.

** Pulse programming capabilities
** Advanced signal modelling

+* Fast offline reconstruction for new
algorithms
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Inverse Problems & Mathematical Imaging
mh Institute for Mathematics and Scientific Computing

Fields of research

m Variational modelling and optimization for advanced
reconstruction and quantification of image data

m Application to medical imaging % S Rasearch Conte: ion &
(MRI/CT), microscopy, and beyond B 1S Blamedicel S¢

Biomedical Sciences
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Binary surface

smoothing Cell
Dual-Energy CT segmentation




Inverse Problems & Mathematical Imaging

Univ.-Prof. Dr. Kristian Bredies
Head of group

m Advanced imaging techniques/Inverse problems
m Optimization and variational approaches

Dr. Martin Holler

Postdoctoral researcher

m Dynamic imaging and reconstruction
m Image/Video compression techniques

Dr. Kamil Kazimierski
Postdoctoral researcher

m Image data analysis and quantification
m Regularization approaches for inverse problems




Inverse Problem: Quantitative
susceptibility mapping
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Advanced regularization

Compressed sensing in MRI
(10% of the data)

IONn ana irenas

Inverse problems:
How to reconstruct from measurements?

m Modelling: Describe measurements process

m Inversion: Find solution explaining given
measurements

m Regularization: Make solution reasonable

m Optimization: Find best of out many solutions

Recent developments

B Inverse problem paradigm becomes established in
medical imaging
m Development of advanced regularization approaches
m Compressed sensing: Reconstruction from
few measurements
m Availability of powerful optimization algorithms




ooperation

otentia

Available expertise

B Image enhancement:
Denoising, deblurring & beyond
B Modelling and realization of
reconstruction strategies
m Reconstruction from incomplete data
m 2D/3D image data & image sequences

BioTechMed Graz

m Strengthen cooperations with practitioners
m Improve mathematical models
m Enhance efficiency of numerical algorithms
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