Centre for Advanced Imaging
The University of Queensland

Steffen Bollmann

>
N
Q

Imag
|

National
Faci

ing
ty

Australia

INV

THE DIPOLE




QUANTITATIVE SUSCEPTIBILITY MAPPING (QSM)

« Magnetic Susceptibility = degree of magnetization of a material in
a magnetic field

« computed based on the MRI signal phase of GRE
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APPLICATIONS OF QSM

 sensitive to bio-metals
e mMicro-bleeds
e calcification

e contrast agent
biodistribution

* demyelination
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T2* weighting QSM

Example: QSM shows active lesions with positive
susceptibilities (red arrow) and calcified lesions
with negative susceptibilities ( )
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APPLICATIONS OF QSM

« Multiple
Sclerosis

Inflammation

* jron accumulates
after demyelination
iNn Microglia

imaging manifestation
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* slow iron-depletion
from normal
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INVERSE PROBLEM

magnetic sussceptibility
distribution

Schweser, F., Deistung, A., Reichenbach, J.R., 2015. Foundations of THE UNIVERSITY
s Il\latio'nal MRI phase imaging and processing for Quantitative Susceptibility W2 T QIEENSLAND
Maging Mapping (QSM). Zeitschrift fur Medizinische Physik. ’ Cr;atecha:;e

0 @sbollmann_MRI Slide 5



INVERSE PROBLEM

magnetic sussceptibility magnetic field
distribution perturbation
applied
magnetic field
—
Schweser, F., Deistung, A., Reichenbach, J.R., 2015. Foundations of THE UNIVERSITY
5 Il\latio.nal MRI phase imaging and processing for Quantitative Susceptibility Vg OF QUEENSLAND
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INVERSE PROBLEM

magnetic sussceptibility magnetic field measured (noisy)

distribution perturbation wrapped MRI phase
applied
magnetic field MRI measurement
— —

Schweser, F., Deistung, A., Reichenbach, J.R., 2015. Foundations of THE UNIVERSITY
Il\latio.nal MRI phase imaging and processing for Quantitative Susceptibility A2 O QUEENSLAND
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INVERSE PROBLEM

magnetic sussceptibility magnetic field measured (noisy)
distribution perturbation wrapped MRI phase
applied
magnetic field MRI measurement
— —
—
phase unwrapping
Schweser, F., Deistung, A., Reichenbach, J.R., 2015. Foundations of THE UNIVERSITY
Il\latio.nal MRI phase imaging and processing for Quantitative Susceptibility A2 O QUEENSLAND
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INVERSE PROBLEM

magnetic sussceptibility magnetic field measured (noisy)
distribution perturbation wrapped MRI phase
applied
magnetic field MRI measurement
— —
— —
inverse field-to-source phase unwrapping
problem
Schweser, F., Deistung, A., Reichenbach, J.R., 2015. Foundations of THE UNIVERSITY
II\Iatio.naI MRI phase imaging and processing for Quantitative Susceptibility A2 O QUEENSLAND
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INVERSE PROBLEM

Forward Problem

|
| \
magnetic sussceptibility magnetic field measured (noisy)
distribution perturbation wrapped MRI phase
applied
magnetic field MRI measurement
— —
— —
inverse field-to-source phase unwrapping
problem
\ J
|
Inverse Problem
Schweser, F., Deistung, A., Reichenbach, J.R., 2015. Foundations of THE UNIVERSITY
II\Iatio.naI MRI phase imaging and processing for Quantitative Susceptibility A2 O QUEENSLAND
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S Neurolmage
g Nk Volume 195, 15 July 2019, Pages 373-383
ELSEVIER

DeepQSM - using deep learning to solve the
dipole inversion for quantitative susceptibility
mapping

Steffen Bollmann ® & &, Kasper Gade Bagtker Rasmussen b Mads Kristensen t', Rasmus Guldhammer Blendal &,

Lasse Riis @stergaard °, Maciej Plocharski , Kieran O'Brien * €, Christian Langkammer ¢, Andrew Janke * !, Markus

Barth ® 1
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GENERATE DATA AND TRAIN

Simulated Magnetic Susceptibilities Convolve with dipole Kernel Magnetic Field Perturbation
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SIMPLE SHAPES

Phase

Simulation
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SIMPLE SHAPES

Phase STIiLSQR
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SIMPLE SHAPES

Phase STIiLSQR

Difference to Simulation
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IN VIVO BRAIN DATA

STILSQR
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GROUP RESULTS (N=27)

STILSQR
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BACKGROUND FIELD CORRECTION

SR Zeitschrift flir Medizinische Physik o

Volume 29, Issue 2, May 2019, Pages 139-149

FLSEVIER
Original Paper
SHARQnet — Sophisticated harmonic artifact

reduction in quantitative susceptibility mapping
using a deep convolutional neural network

Steffen Bollmann 2 & &, Matilde Holm Kristensen b, Maorten Skaarup Larsen 5 Mathias Vassard Olsen b, Mads
Jozwiak Pedersen 5, Lasse Riis @stergaard >, Kieran O'Brien * ¢, Christian Langkammer 4, Amir Fazlollahi & Markus
Barth ®
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TRAINING DATA

overlaid on synthetic
orain

Simulated dipole convolution +
background sources orain Mmask
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TRAINING DATA

overlaid on synthetic
orain

Simulated dipole convolution +
background sources orain Mmask
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TRAINING DATA

Simulated dipole convolution + overlaid on synthetic

background sources orain Mmask orain
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SIMULATED BACKGROUND FIELDS

Ground truth (GT) Input

Coronal

Sagittal

-0.05 ppm 0.05 ppm -0.1 ppm 0.2 ppm
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SIMULATED BACKGROUND FIELDS

Ground truth (GT) Input

Coronal

Sagittal

g, %fi‘

-0.05 ppm 0.05 ppm -0.1 ppm 0.2 ppm -0.05 ppm 0.05 ppm
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SIMULATED BACKGROUND FIELDS

Ground truth (GT) Input SHARQnet RESHARP V-SHARP

-0.05 ppm 0.05 ppm -0.1 ppm 0.2 ppm -0.05 ppm 0.05 ppm -0.05 -0.05 ppm 0.05 ppm -0.05 ppm 0.05 ppm
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SIMULATED BACKGROUND FIELDS

SHARQnet - SHARP - GT RESHARP - GT V-SHARP - GT
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IN VIVO BRAIN DATA

Input SHARQnet RESHARP V-SHARP

-0.4 ppm 0.6 ppm -0.05 ppm 0.06 ppm  EUKESEN 0.05 ppm  EIKEERHTN 0.05 ppm  EEKIERTTH 0.05 ppm
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http://bitly/gsmohlbom
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http://bit.ly/qsmohbm
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