IS4
<
[}
12
c
o
=
o}
Q
N
=
[}
<
S
©
T
.
[}
°
°
2
=)
=
=

#) JOLICH

FORSCHUNGSZENTRUM

Investigating the spatio-temporal
dynamics of neuromagnetic activity
by using magnetoencephalography

Lukas Breuert?

IInstitute of Neuroscience and Medicine (INM-4), Forschungszentrum Jilich, Germany
2Julich Aachen Research Alliance (JARA) - Translational Brain Medicine, Jilich, Germany

http://www.fz-juelich.de/inm/inm-4
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Properties of MEG

Properties of MEG

MEG Provides High Spatial
and High Temporal
Resolution
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Strengths of Biological and
Environmental Magnetic Fields
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The early days

David Cohen
First MCG in 1969 .
i 1 I | i | 1
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Martinos Center for Biomedical
Imaging
Flrst MEG in 1971
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MEG @ Jiilich #) JULICH

248 magnetometer whole-head MEG system (4D-Neuroimaging)
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System properties <) JULICH

pressure relief
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I"_NI
— ‘I: helium vapors enter

exhaust port here
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=== vacuum space

liquid helium reservoir
=" (52 liter volume)

> non- invasive

| helium level detector

. SQUID

> non-contact

» 248 high-sensitive detectors
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> time resolution ms
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Signal generation < JULICH
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Sensitivity map < JULICH

Magnetometer sensitivity
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Artifact rejection < JULICH

sensor layout
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Artifact rejection < JULICH
generation of signals Jecompose measurement of signals

o

backtransform

haft

Independent Component Analysis (ICA):
* linear mixture: x= A-s
goal: find a linear transformation W=A- that makes the output as independent as
possible: s = W-x
» “different physical processes generate outputs that are independent of each other”

Mitglied der Helmholtz-Gemeinscl
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Artifact rejection
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Dammers et al. (2008), IEEE
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Source localization '<J JULICH

Gramfort et al. (2014), Neurolmage

MRI data %

MRI data
reconstruction

BEM mesh

co-registration

=~ Inverse Problem

BEM model

Mitglied der Helmholtz-Gemeinschaft

estimate for-ward
solution
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Source localization
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Source localization <) JULICH

haft

» Minimum-norm estimate (MNE)

» dynamic Statistical Parametric
Mapping (dSPM)

Mitglied der Helmholtz-Gemeinscl
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Source localization <) JULICH

J :Zn:a)i-Li =w-L
=1

» Minimum-norm estimate (MNE)

» dynamic Statistical Parametric
Mapping (dSPM)
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Results #) JULICH
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Auditory cued finger tapping
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Content
: ™
(1) Properties of MEG “What is MEG?”
(2) System properties > high-temporal resolution
> » good to moderate spatial
(3) Signal generation resolution
» completely non-invasive
(4) Analysis of MEG signals y

(5) Projects in Jiilich } “Applications &

key technologies”
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(a) Muller-Lyer figures used in the experiment.

Outward pointing Non-illusion Inward pointing
arrows figure arrows

I RN
<7 1 /X

b)

1000/1500/2000 ms

1000/1500/2000 ms

1000/1500/2000 ms

)z
'

1000/1500/2000 ms

1000/1500/2000 ms
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Weidner R et al. Cereb. Cortex 2010 21



APPLICATIONS 4 J0LICH
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CTPS BASED CAUSALITY ANALYSIS
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Application to a gaze cueing MEG study
Processing of target presentation in a gaze cuing paradigm

Neutral Face
appearance
on the screen

Visual Cue
Face changes
expression + gaze direction

‘ A A

Target appearance

on the screen Button press

Pseudo-random SOA Variable Reaction Time
— 9 — — — — 9 — — — — >
| [300-450] ms

0s 0.976 s
marker marker
TARGET RT
¢ — — — — — — Trialduration: 1.626s — — — — >

Lachat et al., PLoS One, 2012
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CTPS BASED CAUSALITY ANALYSIS Y 10LicH

Theta band Alpha band
3—-7H:z 8—-12Hz
Target

Cereb_R
SML SM_L
Occ_R

Occ_L Occ L Occ L

Occ_R
Cereb_R 3

Cereb_R
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Dammers & Fasoula et al., Neurolmage, under review
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MEG 2.0
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-REAL-TIME MEG

=-HIGH-Tc SQUID for MEG
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REAL-TIME MEG
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W from previous

IDammers et al. (2008), IEEE

ICA estimation

V),

decomposition

- CDF of the

cardiac signal
- sigmoidal
function

identi-
fication

00 02 04 06 08 1.0
X

back transform @

1s

Breuer, Dammers, ..., Shah (2014), IEEE 27



HIGH-Tc SQUID for MEG 4) 0LicH

Averaged auditory signals (300 trials)

Liquid nitrogen

(almost) unlimited
availability

inexpensive

Frequency (Hz)

easy handling

long time between refills e
Time (s)

HTS - eyes closed

Can we reproduce results
of the low-Tc system?

e MEG signalsv’
* time-frequencyvy”

Frequency (Hz)

3 4
Time (s)

e source localization v*

Displacement

—> 7.1 mm
A L1c

Com] XYz
e 20 549 618 @® HTC
e 57.4 55.6

Distance 2.4 2.5 6.2 Dammers, ..., Shah (2014), Applied Phys. Let.

Mitglied der Helmholtz-Gemeinschaft
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Summary = Fioauls

Magnetoenzephalographie (MEG)

... to take away ...

studying the temporal dynamics of neuromagnetic
activity with...

> high temporal resolution
»good to moderate spatial resolution

» completely non-invasive
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