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What is the generators of bio-electromagnetic field
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Neurons are tiny magnets

Cross-sectional sketch of human Microscope photograph of
cortex pyramidal neurons of mouse cortex
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Pyramidal neurons of mouse corfex. Picture: Tobias Bonhoeffer, MPI of Neurobiology .
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What is Electro-mMagnetic Brain Imaging?

*Neural activity is reconstructed and visualized.
* Non-invasive imaging of direct neural activity with
high temporal resolution (millisecond).

MEG/(EEG) Spatio-Temporal Reconstruction of
Measurements Brain Activation




Electro-magnetic brain imaging is an essential tool for
human neuroscience

4-D Imaging

1000

=
=
=

[=2]
=
=

o
=
=

Normalized Intensity (0-1000)
Mo
8

0 50 10 150 200 250 300 350
Time (ms)

—
M
I
—
Y
c
[E]
3
o
[ H]
L™
[T

4
-600 -400 -200 0 200 400
Time {ms)



WSS T FHILI7FU S X MER _
Narrow-band adaptive beamformer

Freguency-specific weight

R(f) : Covariance matrix calculated from the

target frequency band of the signal.

w(f)=R(f) I(r) /[I" (r)R(f) I(r)]

BRI D IR II1ZLSHZE R (Event-related synchronization /
desynchronization) xR &) 7 BIRZBHERIIZEZERL, Tho
[CRAEL-INBER T HERTES.
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Five-dimensional imaging of brain activity
caused by hand-motor movements
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Comparison with ECoG results
Right finger (RD2) movement

Patient #1

MEG
Beta ERD

ECoG
High Gamma ERS

MEG ot SRS
High Gamma ERS [I§ 4 BN AT
& ]

Dalal S.S., Guggisberg A.G., Edwards E., Sekihara K., et al., Neuroimage. 2008 May 1;40(4):1686-700.
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Series in Biomedical Engineering

Series in Biomedical Engineering

Serles in Biomedical Engineering describes the applications of physical
science, engineering and mathematics in medicine and biology. The books
are written for graduate students and researchers in many disciplines
including medical physics, biomedical engineering, radiclogy, radiotherapy
and dlinical research. Series in Biomedical Engineering is the official

book series of the International Federation for Medical and Biological
Engineering.

Kensuke Sekihara
Srikantan S.Nagarajan
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Medical & Biological Engineering & Computing continues to serve the
biomedical engineering community into the new millennium, reporting on

° ° ®
exciting and vital advances in medical science and technology. The stature A d a t I ve S a tl a I F I I te r s
and readership of the journal reflects the growth in the membership
and influence of the International Federation for Medical and Biological

for Electromagnetic

Adaptive Spatial Filters for Electromagnetic Brain
Imaging

° ®
Neural activity in the human brain generates coherent synaptic and intra- B ra I n I m a g I n g

cellular currents in cortical columns that create electromagnetic signals

which can be measured outside the head using magnetoencephalography
ANEDEIRHEIHRASHS T HILIZF IS ACRELUET .
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(MEG) and electroencephalography (EEG). Electromagnetic brain imaging
refers to technigues that reconstruct neural activity from MEG and EEG
signals. Electromagnetic brain imaging is unique among functional imag-
ing technigues for its ability to provide spatio-temporal brain activation
profiles that reflect not only where the activity occurs in the brain but also
when this activity occurs in relation to external and internal cognitive
events, as well as to activity in other brain regions. Adaptive spatial filters
are powerful algorithms for electromagnetic brain imaging that enable
high-fidelity reconstruction of neuronal activity. This book describes

the technical advances of adaptive spatial filters for electromagnetic brain
imaging by integrating and synthesizing available information and
describes various factors that affect its performance. The intended audience
include graduate students and researchers interested in the methodological
aspects of electromagnetic brain imaging.
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Brain functional connectivity imaging

*Functional connectivity
analysis estimates
connections among brain
activities. It eventually
tries to estimate brain
networks, and its dynamics.

*We are particularly
inferested in "resting-state
brain network”, which is the
brain (network) activity
when a subject does
nothing, i.e., when a subject
IS in a resting state.
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Resting-state brain network

Subject is absent-minded, i.e., she is not
concentrated on a particular task.

Subject is reading something, i.e., she is
concentrated on a particular task.

*Recent investigation is reveling the fact that there are quite strong
synchronous brain activities, even when a subject is not engaged in a
particular task.

*Such synchronous brain activities are referred to as the resting-
state brain network.

*The resting-state brain network is found to be different between a
healthy subject and a patient suffering from depression,
schizophrenia, or Alzheimer's disease.

AXEOEFEIKRAEHS T FILIFTUS XICRELET.
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Anatomical connectivity vs. Functional connectivity

MRI Acquisition

Segmentation T1w high res. Diffusion Spectrum Imaging
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X;EENZH TS (functional connectivity) D 24T

Sensor space vs. source space

Sensor space analysis:
oY —T—2F AW TIEEI Dconnectivityz 5F{fi 9 5.

Source space analysis:

oY —T—AMGETREMETZHEERL, FRILILIZE
[T %534 La—RZE AL TIKEEID connectivityZ 59 5.

AXEOEFEIKRAEHS T FILIFTUS XICRELET.
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Voxel pair-wise coherence measure
voxel spectra
sp(t) —> oy (f) = [ s,(D)e " dt

$;{(t) —— o;(f) =] sj(t)e_Zmﬁdt

Uk,j(f) =

Seed coherence:

HELLGABRIVILEROT, ZORIEIVEEICXTSHaE—L
VATEHET S HELLLSRIEIVIEseed EFE I NS
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Seed blur — computer simulation _
Seed point

14 - Source image

-
-

second source

sénsor array

v(cm)

The second source interacts with the

other two sources.

Seedi R 7 ILZEFILELE=-RELE—O%
£ L TLVT(Seed blurErEENB) o —FK
DEENCELELI-FEARINTLES
TULV3.




KRS ST FILT7F S I FbtER

Coherence® EE &8 (Imaginary part)Z AL\ E

Common interference® SR
sp(t) = s (t) + x(t)
s;(t) = s;(t) + x(t)
MADIA LI—RIZHBIZEE T HIHEFES (interference) (&
037 DFEBERO0)ZELS.

Coherence: 77, (f) = m[n]k(f)]ﬂi[ﬂj,k(f)]

EE:  R(0) IZxthE. Common interference D22 2% 2115,

B8 R(1) (1 #0) (SRS, BUEEBOBUDENSELDIEEZLND.

WAWALGIEERNMNELSEDOIAE—L R EFRET SH7-
&, EEZFIETEY, EEOHZALS.
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Imaginary coherence— computer simulation

Sged point

by

14 - Source image
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Magnitude coherence image |
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Seed blur:Resting-state MEG, beta-band coherence image

Seed location Magnitude coherence image Imaginary coherence image

Subject 1
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Subject 3

Voxels within the left pre-central gyrus (left primary motor area) were selected as
seed voxels.

AXEOEFEIKRAEHS T FILIFTUS XICRELET.
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Connectivity analysis

Seed voxelZ &5[Zscan Connectivity matrixz{T (5l) 5
| [IZ7NL—D
All-voxel-to-all-voxel ‘1'
connectivity matrix Mean imaginary coherence (MIC)
E%IE KEHIE A%IE AH1E mapping
H high
{0 low
la
voxel X voxel D=z ConnectivityQSFiQ{EEf%
D5 IS D3RTTEIR
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Mapping of mean imaginary coherence (MIC)

ZRIEIVIZEWT, FORIEILEMDETORIEZILEDIE—L D RADA
MEETHET 5.

Coherence between the jth and £th voxels:

77(f7 rjark) = a(fa rjark) T Zﬂ(fa rjark)

Mean imaginary coherence for the jth voxel:

— 1 K &« T A
,B(fa rj) -3 ‘ ,B(fa rj? rk) ‘ I’] UNDETORIEILEDFZES.

K =1 Global connectivity &SN

B(f,r;) 13 2381 2 iAo LoD fikE R & o [HEef5E DIEFE S |
DOFEREZ T2 DI T WAEZEGR)

A. G. Guggisberg et al., Annals of Neurology, Sep 25, 2007

AXEOEFEIKRAEHS T FILIFTUS XICRELET.



Mean imaginary coherence mapping for
a patient with a traumatic brain damage

BLEEAMICEDHKEAMICARZETZRY.

1 month after injury

2ERDIERIIMICIEDIE TZERT BEANRDL, ROSEHAEIICE T HH
REDERIEZRELTNS.
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Individual patient cases
9 month after TBI 23 month after TBI

Significant
decrease of
under-connected
voxels

% voxels with decreased connectivity: 1.5% % voxels with decreased connectivity: 0.65%
56 voxels with increased connectivity: 0.040%

Results from a patient with a significant recovery

Slight decrease
of under-
connected
voxels

C 1 month after TBI D 22 months after TBI

% voxels with decreased connectivity: 0.47% % voxels with decreased connectivity: 0.44%

Results from a patient with a slow recovery

Decrease of under-connected (decreased MIC) voxels is in accordance

with the patient's recovery A BOE/EE RS IFILTFUS R CRELET.
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77"Correlation with recovery score

positive correlation
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Correlation between mean imaginary coherence and recovery score.
(The correlation is corrected for nuisance parameters such as time post stroke.)

K. P. Westlake at al. Experimental Neurology 234 186s169: @042 1o st = 54 741 )2 2 CIEE L E T
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Summary: Correlation between mean imaginary
coherence and recovery score:

Contralesional Ipsilesional

% subiects

100

A positive correlation is found near the ipsi-lesional sensorimotor cortex, and
significant negative correlation with the contra-lesional sensorimotor cortex.

Values of mean imaginary coherence from the initial MEG session may be
able to predict each subject’s recovery performance.

If ipsi-lesional and contra-lesional motor areas respectively have high and
low MIC values, that patient possibly has a large recovery score.

AXEOEFEFKRASHS T FILI7FTUS XICRELET.



Figure 1

Resting-state MEGT in Alzheimer's
spectrum

Patients
Controls

Age (years)
MMSE (/30)
Sex (% male)

Handedness (%right)
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Education (years) 158122
CDR 0.84 £ 0.3*
CDR-SOB 51x1.8"

Age at onset (years) 57.8x7.1

Disease Duration 54+ 3.3

7 PCA, 10 Amnesic/Dysexecutive,
5 LvPPA & 5 MCI



Regional resting MEGI FC is correlated with
disease severity in AD spectrum

MC
AD-Amn/Dys
AD-Language
AD-PCA

CDR-SOB

0.04 (.06 0.08 0.04 0.06 0.08
Imaginary Coherence Imaginary Coherence
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Left DLPFC resting MEGI FC is correlated with
coghitive performance in AD spectrum

(A} Lexical Fluency (B) Category Fluency (C) Digits Backward (D) CVLT 30srecall (E) CVLT total score
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All-voxel-to-all-voxel connectivity analysis

OPEN &) ACCESS Freely availlable anfine ‘@-PLOS | omi

Disturbed Resting Functional Inter-Hemispherical
Connectivity of the Ventral Attentional Network in Alpha

Band Is Associated with Unilateral Spatial Neglect

Tsutomu Sasaki", Masayuki Abe?, Eiichi Okumura®, Toyoji Okada?, Kimito Kondo®, Kensuke Sekihara®,
Wataru Ide’, Hajime Kamada’

13 patients with brain damage in their right hemispheres

8 patients show USN symptoms(USN+), and 5 patients has
no USN symptoms(USN-).

5 healthy controls.

» 16 voxels are selected, corresponding to
representative brain areas shown here.

Selected voxels

All-voxel-to-all-voxel imaginary coherence
maitrix iIs computed using resting state STG

MT
(MNI Standard
alpha-band MEG. sra)
AXEOEFEIFRASHS T FIL7FUSX(ICREUET.



Resting-state alpha-band o™ i

Leisior.- hemisphere

=1

connectivity: 2 3
results of all-voxel to all = il
. Inter- ) _SI- =

voxel coherence matrix B e (E

hemisphere

USN(+)

Patients with USN+ have excess intra-hemispheric connectivity, particularly
In the contra-leisional hemisphere.
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"Alf=voxel-toZall-voxel connectivity analysis applied to

schlzophr'ema patients:

Patient (grand average)
Imaginary coherence

Magnitude vs. imaginary

Magnitude coherence

* Resting state.

o 8-13 Hz (alpha band).

o 12 patients, and 12 healthy
controls.

512 voxels assumed in subject’s cortex . _
Connection plot display

Magnitude coherence matrix contains seed blur, which obscures true
interaction. Connection plot for magnitude coherence is not mterpretable.
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connectivity map® & ,J*i*ﬂﬁ‘iﬁ 3
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red: PCloseimag mean is 0.0443 deviation is 0.0083
15 0.0239

red: PCloseimag mean is 0.0718 deviation is 0.0182
: B ; ; blue: NCloseimag mean is 0.0429 deviation is 0.0098
0.04 0.06 0.08 0.1 o I o o

node 170 Temporal Inf L and 400 Temporal Inf R mean difference is -0.0339, pis 0.00012

red: PCloseimag mean is 0.0413 deviat;
blue: NCloseimag mean is 0.0748 deviation is 0.0224

003 004 005 006 007 008 009
node 258 Calcarine R and 501 Frontal Sup Medial R mean difference is 0.0288, p is (.00008

node 8 Occipital Mid L and 256 Frontal Sup Medial L.~ mean difference is -0.0334, p is 0.00036
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H|RFO5% L)L EZZE !

Mahalanobis

003 004 005 006 007 008 009 01
node 258 Calcarine R and 501 Frontal Sup Medial R(imagjnary), 31 Lingual L and 239 Frental Inf Orb L{imagnitude)

Mahalanobis

0.02 0.04 0.06 0.08 01

node 8 Oceipital Mid L and 256 Frontal Sup Medial L{imaginary), 196 Preceniral L and 392 Insula R{magnitude)

Mahalanobis

0.04 0.06 0.08 01 0.12
node 170 Temporal Inf L and 400 Temporal Inf R(imaginary), 31 Lingual L and 239 Frontal Inf Orb L{magnitude}

Mahalanobis

0.02 0.04 0.06 0.08 0. 0.12
node 8 Oceipital Mid L and 256 Frontal Sup Medial L(imaginary), 31 Lingual L and 239 Frontal Inf Orb L{magnitude)

AXEOEFEIKRASH ST FILI7FTUS XICRELET.
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