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Brain functional connectivity imaging
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‘Functional connectivity
analysis estimates
connections among brain
activities. It eventually
tries to estimate brain
networks, and its dynamics.

*We are particularly
interested 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.



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.



Anatomical connectivity vs. Functional connectivity

MRI Acquisition
Segmentation T1w high res. Diffusion ?pec_trum Imaging
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Whole brain structural
connection network
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MEG Five-dimensional imaging

Time-frequency imaging
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sensor space Vvs. source space

Sensor space analysis:

o —T—2ZF AL TIKEE DconnectivityZz 53 5.
EEGZ AU \/zconnectivityf# T (X C DFFENER TH D

Source space analysis:
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Sensor space analysis
EIH—F— S HEDEES (WEE) OWEHITHS.

bj(t) = l]. (7)8,(t) + -+ + lj(rj)sj(t) et lj(rp)sp(t)

bk(t) =1 (7“1)31(15) SR lk(rj)sj(t) SR Zk(rp)sp(t)
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Voxel spacelCH T Dconnectivityf#AT
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Connectivity measure

& 42 (DConnectivity measure MER SN TCULND. RES2TILT
DN DT VDIE2DDEIDY A L T— RDIEE T 5.




HIFDMHEMINZ D < DRI AALAD—XTEBLTONUL, ZNSDEB

fLICH T BGEENIBTENH D EEXSNDB.
correlation coefficient=0.99
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Coherencehiconnectivity measureEL THERL LA S

voxel time courses voxel spectra
s, (t) >0, (f)=1]s, (t)e 2" qy
5. (t) —— 0, (f) =3 (t)e 2" gt

magnitude coherence

n,(f) =

CoherencelXX;EEID ARINIVICE 1T HHHEEAEE 5.
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TEUIZEDH0VL0Vaon

SIS T TOEE :
R(r) = <sk (t+7)s, (t)> = [ 5,(t +7)s, (1)t

AR MUEBE EDE R
R(e) = [y df: w(f) ={o,(No ()

Parseval’s theorem : [ R(7) dr = [|w(f) | dt

L7=M> 7T, narrow band signalZ{RE 9 N(E
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‘<0k(f)0j ~ R(0)* + R(z)* + R(27)* +---
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L7=HA>T, coherencelZ LA TDOELELNIZEE THRELH{EIZLS

coherence=0.98
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11— L > X (ZEB{BDconnectivity measure
10 .

o, () =A™, o (fl=4c7 LT :

0, ,(f) = <‘Uk b0 ()

AENRZDIBIRIFIETED, FERADBIRICIT(ITEER.

Phase coherence

Phase lag index

|f9 9 > ()
— - 4= ] %BW(L_}EHK/\5<‘:_$(L_
% —<4‘k,j> jZizU, 4,,=10 116, 9 =0 @ Grenps
_—1 |f8 9 <0

—:t

WED, FENEEOBIRIIIETED, EHOEHRZ=S5(C5ER (1 A0
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Coherence <0k (o, (f) *>

. (f) = : ;
J<\ak (f) >< o, (f) >

TRYORITO HEROFEME] & TFESE] O2D0OBFZRMNARIREND.
Common interference®EEEdH D).
)

T/hwZOBTo [EEAE] OFIRRENSD. Common interference®iEiRE
2108

i(6,-0.

Phase coherence o, (f) o;())*
o, (£) |or; ()

Phase lag index 1ifg, -0, >0
9, =(4.,) EEL, 4, {0 if6,~0. =0
-11f 6, -6, <0

T/ ZOBTo [EEAE] DOFHFHEERLU CTRMENS. Common interference
Dl EEVA A



Voxel coherenceff#fT—3DdD™ DA

1. BELRDINITIILEROT, TEDORNITZILICHT DMDERTZ
IDIE—-L 2 R%Z18L, BRI D, 3Rk mdIeE—L > AV
w7 (EfR) MMESND. BELRDINIILES— K (seed)
EMEN, COFEEGFS—ROIE—-L>ANXYEZD EMEENS.

2. >—ROE—-L>AXYYVEDEESTONRIILZS —REUTIT
S, (BEzxREN)207—IMESN, Je—L > X175k ES.
All-to-All-voxel JE—L > XYY E> IR E EMHEEIND. FFROR
FROFRTRNAZET, TERHINE,

3. 27%ZKk&fEg, FMTILT, 2ORZ>—REUTEIELES —
ROeE—L>XZFE1I{E9 5. mean coherence mappingardL )
(Zglobal connectivity mapping&EEM(ENS. global
connectivity (INT ) AL EDRGEEIDIEF S, € DALE DB

DEEZERI LEZBND.



(—R)IIE—-L>XAYvYE>Z - computer simu
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second source

The second source interacts with the
other two sources.

Seed/RTILZHLE UTERERE—DZECT
LT (Seed blur&ME(EINs) , & U0
connectivity IR TCLE D> TULB.

SeedBAHEDONT)LEENL, BBk
LU X LDRTICEKD, =— KRR
CILEIFEAEBIUEEBNSEND.

14 - Source image
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Coherence®EEB(Imaginary part)ZBHW\3 715 7
Common interference®fiE (RBEHEMINIGS
s, (1) = s, (t) + x(?)
s, (1) = s, (t) + x(¢)

MDY LAOd—X(CHBICEET DHEES (interference)(FOS
I DOHEBER(0)=4EL B.

Coherence: 7, (f) = ER[nj,k(f)} + 13 nj,k(f):|
E&:  R(0) [CXfh. Common interferenceD B %115

B8 R(r) (r = 0) 1SS, BWEBORBUDENSELDBEEZOND.

WAWNWARBEERHMNSEUDIBOIE—L > A %ZEFRE
9B, EEEIETED, EEOHZRHLDB.




fHEsA :

R = [y (D™ df = y(f) = (0,(D)o)()) ThBDT, UFHRDED

*

R(0) = [, (0 (£)o; (F))df 5 [, Rl o, (1), (£))af {0, (N (1))

HRESDANRYT MLOEEP BRI, FEEBEEHFECI2D.

narrow-band{E & D X 5E

Lo T,

BIxDTZD.

de—L > XDESBIE, instantaneous correlation|(Z,
FEEBlES A T2 DEcorrelation(TXGT B.



Seed blur - KNJt1Z)LZERI COEEAT

voxel time courses

Leakage(BNCH)ZER LT :

Estimated seed voxel time course:

g () = ug () + dyu(t) + cg(2)
Estimated target voxel time cgurse:

i (1) = (8) fr dyug (D) e (8)

/

BN HIA X - hEES

voxel spectra

Uy (t) ——> o.(f) = Juy (t)e 2"V 4t

ug(t)——» oy(f) = Jug(t)e > " dt

Estimated seed voxel spectrum:

O, =0, +dlo'T +C’S

Estimated target voxel spectrum:

A

o)

TIGT-I-dQGS-I-CT
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Seed blur - RYtILZETOEH

Oy =05 +d0; +0g BN FICRALT, /AR - HEEEDE
Op =0, +d,0, +Cp ZERING,

magnitude coherence :

(o) oo
= (o205)+ 4 <‘O-T‘2> +d, <\GS\2> +dydy (050 )
\/ R‘%m +d, <\%\2> +2d,R (<0TG;>)} Nas \2> +d, <\GT\2> +2d R (<JT0;>)}

LEBTEB.

il =

*

> — R&EAS—4wW MCinteractionhM UL \SE, DFED, <GTO-S > -0 T
& A= 0 TH3.
false positive HNfE7E!!



imaginary part of coherence
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Imaginary coherence— computer simulation

Seed point

14 - Source image

second source
first source

third source
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Experiments with Resting state MEG data

Resting state MEG was measured from three subjects:

«275-channel CTF system used.

*60-sec-long continuous data
with 1200Hz sampling rate.

eSource reconstruction using
narrow-band adaptive spatial
filter with the beta (14-27 Hz)
frequency band

Subject 2

Subject 3

Source power image




Results of Coherence Imaging

Seed location Magnitude coherence image Imaginary coherence image

Subject 2 Subject 1

Subject 3

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

The surrogate data method was applied to select voxels with statistically significant
values of coherence (a=0.99).



Imaginary coherence®s2EAE (L)1 77 A Z2HFD

O/ A /\*
ﬁ

3(7)-

(I

-0 3(1)

Intensity bias: 2

. 2
Assuming d, = d, = d, and ‘GT‘ ~ ‘GS

o o)
L)

2
, We have
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When d < 0.1, 1.2>0 > 0.75 and the maximum intensity bias is 25%.




Corrected imaginary coherence

@

de—L>X nplc@uT, &= ()
N

Zcorrected imaginary coherence M5\, LeakageZziR7E LTz
S—ATELULTHDE,

6 —o s i, EAFIERALT

i S0 ({005 ) s,
-9y {16, F) {166 F)-9t(opoi )1 -9

Z15d

Corrected imaginary coherenceldlLeakage®sZE7Z 32 (TR0,

Ve —




Imaginary coherence&Corrected imaginary coherence® % AN\

Coherence ’ ’ 0.9
_ 0 =0.99 ni=v.
=nle Rl —
Imaginary coherence Ei |
() =l 1 | sin(6) b
|7 ]=0.8
Corrected imaginary coherence 08
0.6
£ = |77 | sin(0) ool
\/ 1- |7 |2 coS” (0) ’

¥/ |0)3F.%(;7(%Tdi% ZFRIF(E, corrected imaginary coherence&
imaginary coherence®iEL\IIDIT N THBD.



Imaginary and corrected imaginary coherences
SFE(FE D computer simulationZfTHE A X

Magnitude coherence image
14 - - - - -

Corrected imaginary
coherence image [}

Imaginary coherence image |
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Subject 2 Subject 1

Subject 3

Imaginary coherence:

3(7)

corrected imaginary
coherence:

¢




Corrected imaginary coherence®EH
(Residual coherence)

H—=TY CARD BNV a>— RART ML TEET S.

op(f)=aoy(f)+u(f) (FZI2L, a [FERBCRS. )

T

>

2
‘ trial

& = arg min < ‘UT(f) — aGS(f)

a

BRI N o(f) BRDSD. BEINRYT NUZE, F—5Y RZRT MDY
53— RANRD NUICHEE I DD Z i ARED BRWLNZEDTH D.

(B3 EIS)

o(f)Eev(f) dOE—L >R %EEHET B &corrected imaginary
coherenceh'skE£ 3.

JivB) e #)  J-sa

<U&; > 3(7) ¢



Corrected imaginary coherence
(tHHH&#Hk= (Mutual information)hSDEH
Mutual information
(DAFERT 1 TH5)
1BHRIER (CHU T, 2DDERZHNDHEMKFOREZRI = CHD.
I(X,)Y)=HX)+HY)-H(X,Y)

HERHREZEE X & Y I HEITIEREORE CHD. —HDOEHZHNDZ &
TED—AHIECDVWTENTZITHRD CENTE DN ERT.

X &Y DMIZITHNUL, X ZW<SHDCE Y [CETDBIIFFISNIAN.
> CHEAEIBREEFTEOTHSD. F(C, X & YHARUTHNUE X &Y EE
BIRZHBUTCWDEEDSENTE. X ZHNE Y BADZ L(CIRD. #FR
EUT. #HAEBHRE=E YR XEROAENS EEU ERD,

H—=Twvw &S — RANRT MNLDOEEBIHREDinstantaneouspk 7y &
non-instantaneouskk 3 M7 EIH Scorrected imaginary coherence’
BHTE3.




H—=0vw hES— RANRT NLOEEBikE

I(0,,04)=H(c,)+H(cg)-H(o,,0,) 75

1o, PY(| oy I

](GTao-S) = lOg 2< 2 >2< - > «\ 9 = _1Og(1_ | n |2> %2'?%5
(lo P)(log P)=1{op0)]

HBEHBH=ZEFIE—L>X n& ERICTRIBEENDD.

|7 P=R0n)? +3(n)? ZRALT, UTOREZRFD.

I(y,05) = ~log(1 - R(n)? = 3(n)?) = ~log(1L - (7)) — log(1 - —L_)
) 1=%R(n)

54 LSOCOOEEHKEHISTEE (]

(instantaneouspk 7)) o
A LST OSSN DOEBEARF (SIS
9 BIE(non-instantaneousk% )

non-instantaneousp D1 —L > X (WIS UEEPr(E, imaginary
coherence T3/ <, corrected imaginary coherencehXtitL TL\B.




Source space coherencef# 4T : Interference M E

Estimated seed voxel time course:

g (1) = ug(t) + dyup () + 5 ()

Estimated target voxel time course: JAX - hEESHE
8 () = () + dug(8) + ¢, (8

B D fzsbleakageDIEZE AR L T

Seed voxel spectrum:

c.=o0,+C
S S S ~ A A e * ~ *
Target voxel spectrum: == (< 6,65 >) = < 0704 >)+ (< O C >)
&T =0, + CT ﬁ

CDEPDMELLS, REPEED Z E(CKD TBDERITDN,
EEIIDH ?



Interferencel@ 2L

<C,Cy> NETHBI=HDEM

Sensor interference time course: b, » Sensor interference spectrum: 3,

FT
C, =w'(r,)8, and Cg =w'(r)3,
4

(C1C5) = w" (1) 8,8 wiry)

(8,8]" )« Ry(¢), and R, (¢) = [b, (t)b] (¢ + 7)a
b, (t) is stationary — R, (z) is even function — <B[ﬁf> Is real-valued

When b, (¢) is non-stationary, R, (z) has an odd-function component, and
<Blﬁf[> has a non-zero imaginary part.



OE—L > RIZEE{ELdD connectivity measure

Phase coherence

o, (0 =|| 2D 2
2 e )] ey )

Magnitude coherence & (FEALERIUERZEZD (EBD. ) db—
L > X EDEVL, normalization&E UEDIEFRMNEIED TWLBIELT.

Phase lag index

o, (f) = Ae™ ‘ 6, =6 >0
o ELT 9,=(4) =RL, 4,={0i6,-0,=0

. =Ae ’ ’ _
G] (f) J _—1 If 6’k—(9] <0

INTCIVANRD BLOAAREMRZ SR LU CRIE. HERDBKRDH DGR
(CIFTIRSTRUN,



Region-based connectivity analysis

INT )R —RADEFMTIIN T ) LEINZ W EFERDORRIREKXRE. 45(C
all-voxel-to-all-voxel connectionMEEATDISE (C T KT /REIRE L 1RD.

Voxel-based connectivity analysis ==) Region-based connectivity analysis

ZNTI(E, Region#1h p BDNTZILZEEF, Region#2hHt ¢ EDMND
CILZE0HEIC, Region#1&Region#2d(imaginary) coherencez
tODCJ:D(L_D-I_%L/T SKLvmn?

J

Canonical coherence (Multi-variate coherence)



Canonical Magnitude Coherence
Region A& Region BOWNTTILANRT ML -

x(f)=| y(f) =

X(f) & a AN, Y(f) & b BEANEEL, ANS5—F—4 :
z(f) =ax(f) & y(f)=b"y(f)=#B3. z(f), y(f) MoIe—L >R

ey a’’x b

1 |- T o7 oo z,=(w") z,=(ut) 5, =(n")

Canonical magnitude coherence ¥ :
a"x b

Y= max|77\ max
\/ z a\/bHZ b

a, b ZRALSBTKROIZREAREW 7| B ¥ THD.




a’> b
TNTIE,  ¥=max - (FEDKDICEHEITDIDOMN?
ab \/aﬂzma\/szyyb

=, 75 2,2, %, %, oEEEEy, (j=1...d&UT,

=y (RAEHE)THD.

BEE L f=connectivity measure& U,

HEIEEHRE (Mutual information)

d 1 d
I(x,y) = X log ~ 27,
=1 1=y, =

RegiondD B -1 X (k7 UIRUVWVB B IBiR=

f(xy)==Slog——=~+ 3
’ d j=1 gl—;/j dj:17/j




Canonical Imaginary Coherence

yy) - Fyy + iryy ZFHULT
= r+ixr,

Canonical imaginary coherence
a’r b
Ty

¥ =max
b \/aH Z a \/bH x b

EDRDICETEITD2DN?

75 I,Y, I, oEEEs < (j=1...,d) LT,

T

v 2=¢  (RAEGIE)THS.




Canonical Imaginary Coherence

75 Y, I, Y, oBE#Ez (j=1,..,d 0T,
Imaginary-coherence-based mutual information

d 1
J=1 1- é/j

d
Ny
j=1 ‘\

multivariate interaction

measure (MIM) EFEIEN 5.
RegiondD - X (CAkFLIdWN—=3 >
1

~ 1
I (X, — > 1 —
(X y) = . ]Zl 08— 3 ~ = ]21 o

global interaction

measure(GIM)&EREIEN S



Canonical Residual Coherence
y Z x CHEFU CHREZKDD: y=AX+V
BEF V=Y -RZE I Hx &ERFES.

yr- TT

Canonical residual coherence

a’x b
o Ja"Z a\b"x b Lo=(wf)  Z,= (")

75 2,2, 2 X oBsEEe. (j=1,...,dEUT,

v =0, (RAEGIE)THS.

Canonical residual coherenceldcorrected imaginary coherence®
multi-variate version T 5.




Canonical (imaginary)coherencelZ2UL T (GEER)

MNTILT—F(CAHNS :
NI NIBEE—ALATA—NX—ZAHAWNBIRELT, NITILIEERDS A
A =R Z2HFDIGEDNITTILT—F(CAHUSB 7717 J7(Nolte et al.).

4

BRIV TDY —RADMIEZ/\T—HRALRDMETIFRL, Je—
L > AR TROTNDZEICIRD.

& 51:0]1ZF (B Canonical coherence:
Canonical coherenceld2&4TO> b XA M EEHR UELDS &I B5EER
(CIETHRANE ?

PDPDDE A Tcanonical coherenceZzstE 9 3 & contrasth  DhHVRL
(IKLY) BIgeEdD D .



— Canonical coherence
first sourcq | 1t;irdsourcc (/ ‘\Ot) I/g__g/\d)ﬁ -)

power image

SEnsor a

rﬁ:gnitude canonical coherence(max eig) (magnitude) mutual information 1ﬁarﬁorﬁiir.al imaginary (max eigenvalues) mutual information

14

y (cm)

sum of eigenvalues

canonical magnitude coherence canonical imaginary coherence




(residual) mutual information

Ir;jfesidual canonical coherence(max eig)

canonical residual coherence

HED DSFELITNRN



Envelope Correlation

Je—L > X(E (BRLEGNE) MEDYAY—(CRENEL. COME(E
KD EVWEIRE RIS Z ST SR (C T DIGE (C(EfEEx A& L/%_J“b’lih‘ai%
. gammamigz AU\ ZEEATIR £ T lEenvelope correlation N ALS D15
H583.

| EREAENEES Y 5 —DESDEDE
EBEBIYT B,

= | MR : ESEFEKLDEZDenvelope (B4&
L 1 #R) ZFRITURET B.

"

1 . . .

1 ; . T ;
@
-]
=0 1
=
E I
& I

100 200 300 00 500 600 0 100 200 300 400 500 B0
time points time points
(a) (b) ’ ‘

envelope-to-envelope correlation




Envelope Correlation (EFDE1H)

seed & targetiE 5Kz ##{S = (analytic signal) (CE#2T 5.

Alug(£)] = Ag(£)e"s"

Alu, ()] = A ()T
C DOZHA (LU T DOHilbertZEfa(C KD iT7hnN 3.

Afu(t)] = u(t) + -1 40 gy
T t—1
T ESOIRIBOHEEBEZETE I B.
>, At

ey 'szs

Envelope correlation(d (HATANS) LeakageDgZ&E= 2 Tseed
blurzZ£ U3




Residual Envelope Correlation
Residual spectram u(f) Z3Kk&bdD & ZBF Cldresidual coherence®at
BERAU. £, o )ERFREESICEET.
up(t) = [ o( e df
ZCT, BORBEEDICDOVWT(}u(-H=uH*ETD. TDITBTET,
NI ALAd—R EW T EES LR
up(H) DEENTES ZETE

Al (8)] = Ay (£)e"r

Ap(t) EAL(t)DIHBEZETE
2 Ap(t)Ag(t))

\/z (1,55 A




Envelope Coherence

Il
s

Alug (1))
Alug (1)) =
Alug(t))

(t) it (1)
() e

EE

envelopelREEHMESNNE, CNSHhScoherencezstBI 3 EE,
LRSS, TIRETHD.

Ag(t), A, (t) MSmagnitude coherenceZzst&E.
==) envelope magnitude coherence

Ag(t), A, (t) h5Simaginary coherenceZzst&.
m=) envelope imaginary coherence

Ag(t), A (t) hMSmagnitude coherencezzt&.

m==) residual envelope coherence



seed

Source image

freqmﬁncy—domain beamformer image for gamma

Source time course

wqg, nap:1
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Gamma-band®@EEEMNS DI E— L > X Bk

gamma coherence: magnitude gamma coherence: imaginary

S1-S2[H, S2-S3fl&EH, gammarmid TldconnectivityZi&H T
=120,



GammamigdDIE =S H Senvelope coherence@iifZziTE

envelope coh: magnitude envelope coh: imaginary

envelope coh: residual

envelope coherenced d L\ (denvelope imaginary coherenceld
connectivityZtRH T=/20 A, envelope residual coherenceld (23
2E) BETET TV



GammamigdDIES H Senvelope correlationBffzxstE

envcorr: absolute value renvcorr: absolute value

envelope correlation(d, S1-S2, S3-S2D RIS 3> =&EHETED. £, B
AL Ui \i5E&seed blurzS3.

residual envelope coherenceh‘residual envelope correlation/h*gammariskd
K DIBREVELIREDIES DFTDIZE (C (B3N8 connectivity measure Céhd E&

NN, EEDES TOFMINKE.



Jbe—L > X Ef5 dDstatistical thresholding

sTRAIESNIERITILART ML 64,6, hhohSETE L zconnectivity
measure (ffl X (dimaginary coherence) Zw. &9 3.

sHRAIESNIZEROTCILARD ML 64,6, MBUTDERSICLT
sarrogate (X&) ARI N 64,6, Z{EDHT.

A and ~ A Z27Z'5T
GS = GSG UT GTB

CTT, s, BLU 8, (F0& 1 OREDEEFO— A THS.

N 5sarrogate AT ML ETE Uzconnectivity measure
(51 (Eimaginary coherence) %= w &9 3.

ELBDZAHZRA T, wZBERETD. INSZwW, ..., wp
ETB. w ..., w, DRI, sHUSNERIEILZRY N
JL &Saé-Th\BET%btwest%*ﬁﬁa_ﬁ.
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Multiple comparison procedure

Standardization of the distribution

histogram of w = histogram of T'(¢)

25 : : : 25

201

15}

10}




Maximum statistics

histogram
Of leax (.Z', y)

»

9 5% Tni,}zm D Tmam (xii’ y3>

ETCTONRITEIVICEITBT,  DIEThistogramzD< D, ETDI5% ==
STHCBR THhDINE DM Dthreshold(C 9 3.

W (@.9) = T o) + (w (2.9))

Ifw_(z,y) > w™(z, y),w, (x,y) is significant.




second source

third source

first source

SEnsor a

magnitude coherence |

Statistical thresholding: computer simulation

magnitude coherence

coherence image with statistical thresholding

coherence image with no thresholding




All-voxel-to-all-voxel connectivity
analysis:

MERKMEBZET —FTOENH

* Resting state data.
e 8-13 Hz (alpha band).
o 12 patients, and 12 healthy controls.

EARADT —ERBMMT AT =N EH->TLNST—4.



Magnitude vs. imaginary

Patient (grand average)

Imaginary coherence Magnitude coherence

512 voxels assumed
In subject’s cortex

Connection plot display |

Seed blurld all-voxel-to-all-voxel analysisTH K= E T 5



Imaginary Coherence/ JL—FLL B

2 sample t test p<103 t value
5
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PANSS (Positive and Negative Symptoms Scale)
[B152 (C K DAEIRDTE E /Y78
BENHSNIZHEERFES DR TIEIR A 177 — EDOMEE A
E LN

1HEA{%ERX 0.6

0595 0.6 0.605 0.61 0615 0.62 0.625 0.63 0.635

PEPEREIREDTEREE




Connection plot: Patient - Control: Two sample 1 test

Imaginary coherence magnitude coherence

t: 3.7921

Computing the difference between patient and control can remove the
seed blur (spurious coherence) in the magnitude coherence image.

Magnitude coherence image shows a cortical network different from the
one shown in the imaginary coherence image.




Correlation with symptom scale: positive symptom

Corre Coef: 0.94
o7
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-
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g imaginary coherence
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C
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imaginary coherence

Imaginary(IC) and magnitude coherences(MC) may represent different

cortical networks: IC represents connections with some delay, and MC
represents instantaneous connections (connections with a small delay).
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Residual envelope correlationfi#tr  J)L— T L&
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Imaginary coherence&Residual envelope correlationttbE

_ Residual envelope

2 sample t test (uncorrected p<le-4)
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Mapping of mean imaginary coherence (MIC)



Mapping of mean imaginary coherence (MIC)

Coherence between the jth and kth voxels:

n(fv rj7 rk) = a(fa rja rk) + Zﬂ(fa rja rk>

Mean imaginary coherence for the jth voxel:
_ 1 K .
B(f,r;) = tanh[— >, tanh™ | B(f,r;, 1) @
K k=1
1

imaginary coherencez 4 X TODRIEILEDRT—TEt
FL, TOREDFEHZETE.

—0 B(f.1) IR EIEERT D ?

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




Mapping of mean imaginary coherence (MIC)

Coherence between the jth and £th voxels:

77(f7 rjark) = OC(f, rjark> T ZIB(fa rjark)

Mean imaginary coherence for the jth voxel:
_ 1 K .
lgor) = tanb |+ £ tant™ | 47,1 |
K k=1
1

Working hypothesis

Bf,r) [FHE T ISHBH2MMAHOERS(RENERT.

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




Question: “Does mean magnitude coherence also work?”

Some audiences might want to ask a question that mean of magnitude coherence
also works.

Mean coherence images from hand-grasping (beta-band) MEG data

Mean imaginary coherence image Mean magnitude coherence image

In the mean imaginary coherence image, we can detect the left and the right primary
motor areas, as regions that actively communicate with other brain regions.

*Mean magnitude coherence image does not detect these brain regions, and does not
provide interpretable results.




Resting state alpha-band functional
connectivity in traumatic brain injury (TBI) patients

o 21 TBI patients and 18 normal
controls.

» Location of the brain damage
varies across patients.

 MIC image is computed from
resting-state alpha-band MEG.

Group comparison between TBI
patients and normal controls shows
abnormally decreased functional
connectivity (regions of under-
connected voxels).

Mean imaginary coherence image
from the initial MEG scan

P. E. Tarapore, et al. ,J. Neurosurg 118:1306-1316, 2013.



Individual patient cases
9 month after TBI 23 month after TBI

Significant
decrease of
under-connected
voxels

Connectivity

% 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



Resting state alpha-band functional
connectivity and recovery after stroke o

14 patients with a mono-hemispheric
Ischemic stroke in the middle cerebral
artery affecting the motor output of
the hand were selected.

Mean imaginary coherence map was
computed from resting state alpha
band MEG.

under-connected

/.

Recovery Score
11 % 46 % 81 %

Visit 1 /

Visit 2 over-connected

50

e84

Percent of subjects

Group lesion overlap map of 14 subjects

voxels

6 T-value -6
3]

| 3
overconnected undermnnemg

Change of mean imaginary coherence
image of representative subjects between
visits separated by 8-12 weeks.

K. P. Westlake at al. Experimental Neurology 237 160-169, 2012



Summary: Correlation between mean imaginary
coherence and recovery score:

Contralesional Ipsilesional

06 I -09

— % subjects
0.6 0.9 100

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

RADMEGE YL a MICEERNCOEEDEEDEEZX TS CTEHHEMENH .

HL, AAIDLREEEF TEEICSUVIMICHES, M AIDESHEF TIEEIZIELMICOIED
wmonnld, COEREFERINEYTRIFICEERTSZENTFAITES.
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