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3 Hz & # i %&Eﬁlﬁéﬁ WA, AR FIEF LA S 4 # £k (simultaneous
electroencephalography-functional magnetic resonance imaging, EEG-fMRI) & A, ¥ Pl [ B M fr
AR A R AR X E B B R AR AE AT LA . A B AR A EEG-MRI A xF 3 4 L
BRWHRAATH R, AR AE M 00 3 Hz K #OBUR AT o0 R840 2 it , RN & i 2 3
HEEFWHEES, MXMTT vt ERWE, AodFE, AE, BFEFRANLRHRE
T B F N RBE, FRET LM R KRR E S R IR X, T2 B KR o A R
R R M RR R R R R AR £ A
XA MEBRKeREERIEA; LEXMER; LM, REKLERK
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TG 2~ FofrAo 2 S0 TU L 1R %y AT () 20 P S 0 3 RS ) 327 I P o R o 2 2R 8 T E S 5 1)
PR R, AT A — Sk B o H S BT 1Y 3 Hz Ao AT o BRI R KR (generalized
spike and slow-wave discharges, GSWD). [F]IN¥:45 %6 27 72 R K R 28 L . H AT YR 7
T (75 T R AR T AR A2l o AMRET R BER s ZRAET 8 AL kL, AR A2 BT
A (IR A T LA H R S A5 A A b R Bk, I R R A . T F AT R 12
WrHi AR, W MRI (magnetic resonance imaging), CT (computer tomography) , PET (positron
emission tomography), SPECT (single photon emission computer tomography) UL X 3k 7
EEG (electroencephalography). J7 2 EEG i AR%E, #ICiLER 2 WA 1kt .
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BRI Sz A vhn] DR B, LA # K T (blood oxygen level dependent, BOLD) f
358 AT 2 WA 28 50 SR Al ) RN o A IR R W ORI L YA ) TS0 2 g L e A X B A
SR B A, I I A AR A AR B U B 2 R AE 2, BOLD-fMRI 5 5 1E 2 3 o il
S0 A 5 S 1 A PR e R B e A B R £ R M. BOLD-MRI #1141 s 1) =5 17] 73
Frde, AR )93 HF AR, 5] ST PR A T8 Fl 28 A0 28 T A 3 o TR A 9 38 e Jii X
W& TC2 73 #F BOLD A5 5 [ 5UAZ A2 Tk A T HL 5 2 FR) s o A T30 P A 47 38 LR I DX 5 [
SR EEG {5 5 A AR I 18] 73 #E 232, AT BAORAS fMRI #)55#

AHIF 5K FH % 22 7] 25 90 5 EEG-TMRI 5 A #1781 ) L35 2K oo i 28 AT 0F 90, 48
3 Hz Dy AH G I 7 1K I 5 GSWD AH G 1A Jli DX 00 £ J6L S0 52 0 380 ] 8 ™ A 4 1 R T80
159 GSWD JEHL IR AZ 46 k3 LA A i N R I X o

H# 5 73%

AL W 0 T DR P g B 2 AR B Dy et MEE o, R AIE ST A A DA 1 B Sk T
SRR, PG IR A 3 44 Sk B ikl s A7 SR g 2.5 £ 3.5 Hz /e
AR BRI ILTE, EARA R RN R, RAFBUE, Bl RS W 0 ) L KA
FRAMA S (G 6% () MI1E (&), WHNARTF, BALEsmL, BR¥2%
W MRT 77 S8 I P 46 ) BT W R 5 7 o A7 S B PR (IR R BRI R 1 o

F1 AR RFEFER. KFRINER GSWDs B L HSNE

Table 1 Patients' sex, age at seizure onset, seizure frequency, and frequency of GSWDs

Patient  Sex Age  Seizure oneset age Seizure frequency (times/day) Frequency of GSWDs (Hz)

1 M 5 5 40~50 2.5~3
2 F 6 6 30~40 3
3 F 11 10 50~60 2.5~3

EEG-IMRIZ#E B3R EX

K F 7 [§] Brainproducts 24 7] 42 7= 1] 32 il 8 5 MR 3¢ 2% 1 i I sk A, JE 8w PE 1
Ag/AgCl LM, REANHRRIRYBEPT R S kQ, B7 13N B Ao NARIE it 5, 5%’k
) Ref, FEHHEMH GND, 57—/ UL AE 0 A )  fBid sk O L (electrocardiogram,
ECG), Fr S B Bk B 5T B 7E 10 kQ LA R . EEG HIRFESR N 5 kHz, @i AR
PURAE K EEG {5 7, 13 250 Hz MR JE AT, KR S HNTBOR 3%, #R s a 2T 4% 4
FIRGESL EAMIE AL, ZRGEMI RN 1000V, HEZEEEN+3.2 mV. KHES R
(ty77 i EEG 5 IMRI 55

KA MR 5201, {ERE ANk 5 min IHAE S, WSS LAY ) g %
KIB SRR NSO EFEARAL, PR AT AR R K 2 /D20 40 s I EEG 15 5, DU B§ 4k
LR KB L .

BOLD {5 5 KA A8 [ 75 ] 722 7] (1) 3-Tesla MR, btk izl o R FBR FE [m] 38 7
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T )% 1% 7 51 EPI (echo planar Imaging) #E47 Zh e84 A K4, TR=2000 ms, TE=30 ms,
FA=90°, 30 2, 2/ 4mm, FOV=240x240 mm’, KEEH B, HBLFFLE 1000s, BIRBCR
46 500 M. BRI AP EBCRA UG TR, ORISR, IR, PRI, AR
BEAT HEMRE 52 1) S E VS 3

EEGHE AL

{ifi H] 18 ¥ Brainproducts 2 7] [f] Analyzer 2.0 ¥ ff, X H Allen $& Hi ) AAS (adaptive
artifact subtraction) 75y 24k 2 & BEG 15 5 HIAZ AL i fh 7 (ballistocardiogram)®¥, K
FEARZR B 42 250 Hz FHIRIEIE S 42 30 Hz LA N o i SR H 1 % 5K B 5 2 B £ 128 )5 1) EEG
fE9, Wl HNERAE S B KRS & bR, k1 s,

A (B) (C)
MR artifact = ¥z BCG artifact -
e g subtraction o subtraction it i
Raw EEG EEG after MR correction EEG after BCG correction
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M ?‘ & 200 pV bt

Volume start Volume start Volum.e starl Volume start Volume starl Is

1 Fisk¥E MR & BCG #/ Mgk EEG RS MREE R FER EEG 4id MR K& BCG hili bk Ja, M b s
FJ LA B 2.5~ 3.5 Hz [f) GSWDs &I (A)3.0 T MHEILIRT, LMD 0 kil 5 D) BERE AL IR A5 5 1N (1) EEG
5 (B R 3 — B, FF8ERTE] 10s), TR=2s; (B) V3453 MR Dbl ditR, JFZ AN A~ T e ik 25 40
AR (C) #4215 ECG [P KT 3 PR, B A N EA I s 2 A0 AR . I R J7 B C BERIBOR .

BCG=Ballistocardiogram

Fig.1 Schematic of preprocessing stages of MR and BCG artifact affected EEG We can observe 2.5~
3.5 Hz GSWDs from the final figure after MR and BCG artifact correction. (A) Segment (10s) of a 32 channel
electrophysiological recording during continued fMRI acquisition at 3.0 T with a TR value of 2's; (B) The same
segment after channel-wise subtraction of a template MR artifact obtained by averaging; (C) Identical segment after
channel-wise BCG via subtraction of an ECG-locked sliding average. The magnified figure blew is the same as
(C). BCG=Ballistocardiogram

EEG {5 5 &t By 2k g3 IF Br Oy 5, v AE B ILRY (Y 2.5 3 3.5 Hz o471 s i 1
FEMEIRIS D, W 1 C fin. SH A —A AR FP1 SECHEATINRIE 04T, &K EEG 55
TERE Sy 2.5 3] 3.5 Hz ZE AT e, B 2A HFal LUFE B 3 Hz Bl il 11 & i s 88 I
Uh. FRA L,

RINER
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El2 xi[E 1 FRg EEG M IMRIESEISHT  FP1FBRAGD A% L (RAEA SE it 1) (AR, S
ik 0 3 15 Hz: 1¥(B)*4 EEG (¥ 3 Hz Th&i%, HrpIg1RIR8 GSWDs (A $5 P0G 14 38 A dme R 25 s 4 2% 1
BOLD I [a) /#4143 Al anE(C DYFss AE(A)Y AT BUR L, 4 3 Hz (1 GSWD KIS, EEG 55 Ty Z il o R A5
A2, 5 N Bl SRS (¥ BOLD {55 1R e RO AR 5C B

Fig.2 Analysis of EEG and fMRI signals in a patient shown in Fig.1A A running power spectral density
measurement of FP1 against time (scans over the entire experiment) over 0 to 15 Hz is shown in (A) with the
3 Hz band plotted underneath in (B) where peaks showing GSWDs. BOLD time series are shown next from the
maximally activated (C) and deactivated (D) voxels (indicated in Fig.2). As we can see in (A), EEG signal power
changes abruptly at the beginning and end of seizures and the 3 Hz epileptic GSWD discharge is closely related to
the left thalamus and the left middle temporal gyrus

fMRIZ#7E B9 AL 32

34 NILHHT T 6 Bt BOLD 155, HiIT58 — Bt MR 5 BT BRI B ek shid K,
ACBCREAS A28 — B IMRI edls 704, ey AN N5 BT A 8 U B A ORI e K T8,
DCRTBON 2 21 8 s NS, AT —AMRAAT 3 UM B R I, RRSEI T 3 3] 27 s %%

7 MATLAB 7.3 V& b, RHIZET ) X AMERA (general linear model)f) SPM8 L H
¥ (statistical parametric mapping, http://www.fil.ion.ucl.ac.uk/spm/) *J fMRI %5 ¥z 2 1T il ik
o RSP IMRI s 15 e BT A I, 55— MRS R EAT Sk SR E, LA
UEREANE TN RS- 30 76 1 mm BUN HAEZNAE 1°LUF s AR5 B AR IE 5 1 P45 e Ak 3]
SPM8 [ it i) EPT #iM, I FF RAEREDN AR R N 2x2x2 mm®, 1 I & 1) ] 78 v 38 % 10
FWHM (full-width of high-maximum) H{ 6x6x6 mm®. ZEit-/> M, 18 3 Hz LR 54k %
THRE B IR DR 20 X 0% 15 L, BIGKE 316 FP1 1Y) 3 Hz D3R4l 55 SPM8 o [ A 1) IfiLi
&) J3 240 [ 5 % HRF (hemodynamic response function)® 58, ¥i/>4ti1- GSWD A U i (1)
RO R 72, LA e B v R I FRORS B 1 o B R R e T R I 0 v R U, R
1/128 Hz, VA ZBRARIIEERS S IPM, CoBka5 miige s, 32 1 A (A1) AR AEROR P4l Kodis ) 30
(1 B AHCES,  H A 20t 4 Ribr Ak .
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Sk A ¢ K05, 459 R FDR (false discovery rate) 6% (P<0.05, 14 %% >
10), JE¥SERBINTE MNI 152 T1 P4 B, B30 N5 GSWD AH SR Z 10 i X e
5 H

H /o

# R

YRR N Y EEG J fMRI 45 3547 70 B, K H FDR K25 (P<0.05, 1k % %L >10),

LS INAE MNIL 152 T1 P& ERIL, 8 GSWD KB R, #AN% A1) MR {5 5
wﬁmﬁﬁﬁ,ﬁ%wkmﬁﬁ%$~ﬁwa3¢ﬁk%ﬂ%ﬁ@ﬁﬁﬁﬁﬁ%ﬁ%ﬁﬁ
W (IMRIAE S, BEATH . IIAG B0 iy XU /N o R 2 B HH DV IR I 0 s AR
(IR QIR RSN TN R I 3 1 S NS RS 1< I = N o [ LR e IR S A )
FOHEE (MRS SPEK), 5356, DGR A D& 0 oies, w3 fros, b foos £ 2
AT ER A M % (default mode network, DMN) [,

2200800000001
2400800006808

—

220088000000

3 ZEAHAMMRIES DM 5 GSWDs MK HIEEE (BN ERIL) K LBAE (B g MLk 31E),
P<0.05 (FDR £252). M ar LU B 3 AN A BRSO e figi e bk et e S B b A8 25 ) a0, /NI P e DX R SiEa A
DN B USRS S b RS G T NI N G 1T Sl I I 1 U G TN R V2R R e NP @ G e I I B S st
BRI FWAT, AR ETH I R B0

Fig.3 Corresponding analysis of fMRI signals in 3 patients Color-coded statistical parametric ¢-score maps
(SPMs), GSWD-related increases (coded in yellow and red) and decreases (coded in green and blue) in BOLD
signal. The SPMs are thresholded at P<0.05 (FDR corrected). The figure showed that fMRI increased in the
bilateral thalamus and occipital cortex in all three patients, with smaller variable regional increases in the midline
cerebellum and the area adjacent to the lateral ventricles. Decreased fMRI signals were observed in the bilateral
parietal cortex, bilateral middle temporal gyrus, anterior and posterior cingulate cortex, bilateral caudate body,
bilateral angular gyrus and basal ganglia, with smaller variable fMRI decreased in the precuneus, which is identical
to Raichle's default mode network

Wt

TG A A AR R RIS X R AN ORI B RN SRy B i i R B 3,
3 I N RS N R e R, A5 AR R R IR 5 ) £ B AR B R, I DR R HL AR B 5)
F 5 XA B AP AN AT, FRNR B T R R T SR L, AR TS Bl
R R E AR, 24 EEG {5 5 I GSWD I, L {5 5 AR X T AR ZoR A bl 245 1
. R GSWD AT g4 M e i 1) B A BRSO R i B 2 (K A% ] 5 i R = 1

www.cjb.org.cn | ACTA BIOPHYSICA SINICA 171



33183 / Research Article A 2011 4F 55 07 % 55 2 1]

172

R BV B), TR 2 DO BE R S o A R 2 5 RS B B 2 I Bl B S22 FR) REAS DX DL R ey 2R
BT S, B P BRI S 09, Salek-Haddadil' >R A 4512 5% EEG-IMRI %R,
R 2D A AR XU Fr o (1) EMRL AR 5 B S 389 w8y, T TT - 5 5 9 0 55 S0 ) EMIRT A5 5
W FRAG, T30k, 80%IKIME VA 1 J5 & 41 i (idiopathic generalized epilesy, IGE) i A
WRILH 5 5 1 2% . Aghakhani ™A FT T 15 AN 7RSI R I R vh I GSWD 53 5 g
LR, B 12 A N i) BOLD {55 & 42 1 W358 4k, R I e 2 B 7 —
ST MY OSB3 S i ) L RS o 1 AT 5 R B ) GSWD R
XU EE i FK) BOLD {55t 8 25 1 i, X SR W) i b5 LB R A & A I 1K) GSWD #HSG, JF
s 2.5 ) 3.5 Hz /e g e, Wil 2 ios. BMEE T2 ms A, S5k
WA )z R R0, A WEFUR WL, ARSI B M A I, By o R B IE R,
Gotman A A i 4 17 M A A I B (0 T SB0RT R A A2 el T B i A S R I o AR B 8
A, Penfield $i2 T Ol & R G AR, 45 W h O T REAE AR IZ MR R S, OF
A LUK AR B 5 AR R BN ER, TSR, AR A D 2% 2R G o i M )i 4L
I AT LA SR MR 1A R IR A o« GloorP A Sy Fr o R R J2% (1 3k J88 Xy ml DAy AR 4
It GSWD, Snead® T~ 1999 4 | HI € 5 HEL M £ 1y 490 S5 56 A5 L 1) o J0q A B )2 L 31 T
GSWD, Nehlig?#|H SPECT (single photon emission computed tomography) A I 2Kk 5
KAEIS, B2 At g, i LS A B .

A SRR R IS, AR S A R o N BR S S i AR PR 22 5 5 RS A, i
ABEFTH, 3 2 ) IMRI B R 5 B0 DR, PRI DA D 12 X el 1) T 0HS AT i 55 90 %
IR <. CANTFURML, XU /N IS AESGR & 20 PR A AR I, g o Ol o S B P2 e
17 H By 49 52 56 A5 75 v 300 45 80 X000 /5 i /7 GSWD i Fi I 552 T Sl 35 (9 L 380G I 3 B /M i
RS S GSWD [T M R i, 148 Norden I Blumenfeld™ % /N i £ 30 4 1 2 %% i &
GSWD U R BOFE ] 24 T AR UE T, AELABAT T U0 W /0N i £ 0 A e A v ey
Iy RE -

RN R JE A R X TR N ) BOLD A5 5 W 2 FRAIG, X e DX I 0 i 1 T
Raichle!™$2 H (1] DMN #0, 1% 28 T2 AR ST B 5 DL A S 1 5 5 ARG, 4
AMARE T IR SRR, DMN 2 230 W25 10 IR0, 025 AR EAT S8 OA AN AT 5%
I, DMN M2 230 525 1 s . 243k % EEG {5 5 tH B 2.5 %1 3.5 Hz 245 1f) GSWD I/,
DMN [ &% 5 A 25 ) S00% XL W10 A () DMN 7 GSWD i BLI th R8I K 1%
IR BB, XS AR TCHE N2, i FAAKR B T AR B GSWD 1 A A 3314 MR 28 I [1] i
1EL.

FH T B IR DX i XU IR A% i AYE GSWD JECHLIN . BOLD A5 5 1) B AIG AT e S [
T UK B R GUIRAASE B BE 19 /b 1, Danober® M GAERS (genetic absence epilepsy rats)
BRI, S R R BOR LA RS, AR A AR TR, Rl e i A R 2 r A B
T ) B PR T RE 2 TR XU AR AZAE 5 BB, BRI e 5 1 K A AR (Kl e ML . A
GAERS & R BT R, BT KA AEA — & I HIVER] . GSWD LN,
JZ - N - 15 EERR LS IR TR BOR, ARTTSUIRA R BT ph el . XK, SRfilpf

ACTA BIOPHYSICA SINICA | Vol.27 No.2 | Feb. 2011



#52i£3C / Research Article

(120 5 H — D REREI SR SR BART ) LR SR RGO (KI5

2 TCI B AT BRI P AE 22 5 R SCIR S0 A TG B AR, TR It o] e o 22 0 A R R A
GAERS & B & A AEIN, SCRMANZ 0GB 2 BRAR, 3500 A0 AR A 1) D —
DRI AR £ SR UM~ R, & ) D 0 R WIAE GSWD A JRN K 00 - 2R (13 424
SR o I OUN = ER K 1E B D5 SO DXCREASREAR IR W IPF I A4 2T 24k A 5500 3 50
(1 7 4 TR X SO A PR )2 Wi AT — 3 FR) 4 Y 2o,

A

% 1

AWFFUERHA] EEG-IMRI AT L KBTI ST T 3 61 13 (10 FAT 2 A A (1 R A0 ) L3,
KOLIEIANEE 2 5 T GSWD IR, IXAT B T #8718 A i A T30 1) ALl . (HADETT
M NI D, ARRAT 7 28 2 (R ORI IEA BT ST 45 1. CaA IR, MiRs) 1+
Wi 1% bR HRF A5 A 7] (95 A TR)AN [ 29, RIVAE £ () — AN 05 PR AN [R] i X 8] 1 23 A7 i AN ]2,
HI TSGR, AWTFAEN MR B 24T G800 A iy, SRATIK /2 SPMS8 A A 1) b 7E
HRF e& 50, JELUIXAS 5 A SR vl R A AN 21, i R A 2 S AN HRE X IMRT £ 4 2t

A7 o3 Hr, AT RES R £ 5 2 25 5 A A (KK X o

S35 3k

1.

resonance imaging with contrast dependent on blood 608~618
oxygenation. Proc Natl Acad Sci USA, 1990, 87 (24): 10. Moeller F, Siebner HR, Wolff S, Muhle H, Boor R, Granert
9868~9872 O, Jansen O, Stephani U, Siniatchkin M. Changes in
2. Allen PJ, Polizzi G, Krakow K, Fish DR, Lemieux L. activity of striato-thalamo- cortical network precede
Identification of EEG events in the MR scanner: The generalized spike wave discharges. Neurolmage, 2008a,
problem of pulse artifact and a method for its subtraction. 39(4): 1839~1849
Neurolmage, 1998, 8(4): 229~239 11. Moeller F, Siebner HR, Wolff S, Muhle H, Granert O,
3. Allen PJ, Josephs O, Turner R. A method for removing Jansen O, Stephani U, Siniatchkin M. Simultaneous
imaging artifact from continuous EEG recorded during EEG-fMRI in drug-naive children with newly diagnosed
functional MRI. Neurolmage, 2000, 12(2): 230~239 absence epilepsy. Epilepsia, 2008b, 49(9): 1510~1519
4. Friston KJ, Holmes AP, Worsley KP, Poline JB, Frith CD, 12. Li Q, Luo C, Yang T, Yao Z, He L, Liu L, Xu H, Gong Q,
Frackowiak RSJ. Statistical parametric maps in functional Yao D, Zhou D. EEG-fMRI study on the interictal and ictal
imaging: A general linear approach. Hum Brain Mapp, generalized spike-wave discharges in patients with
1995b, 2: 189~210 childhood absence epilepsy. Epilepsy Res, 2009, 87(2-3):
5. Glover GH. Deconvolution of impulse response in event- 160~168
related BOLD fMRI. Neurolmage, 1999, 9(4): 416~429 13. Archer JS, Abbott DF, Waites AB, Jackson GD. fMRI
6. Friston KJ, Josephs O, Zarahn E, Holmes AP, Rouquette "deactivation" of the posterior cingulate during generalized
S, Poline J. To smooth or not to smooth? Bias and spike and wave. Neurolmage, 2003, 20(4): 1915~1922
efficiency in fMRI time series analysis. Neurolmage, 2000, 14. Raichle ME, MaclLeod AM, Snyder AZ, Powers WJ,
12(2): 196~208 Gusnard DA, Shulman GL. A default mode of brain
7. Aghakhani Y, Bagshaw AP, Bénar CG, Hawco C, function. Proc Natl Acad Sci USA, 2001, 98(2): 676~682
Andermann F, Dubeau F, Gotman J. fMRI activation during 15. Blumenfeld H, Taylor J. Why do seizures cause loss of
spike and wave discharges in idiopathic generalized consciousness? Neuroscientist, 2003, 9(5): 301~310
epilepsy. Brain, 2004, 127(pt5): 1127~1144 16. Salek-Haddadi A, Lemieux L, Merschhemke M, Friston KJ,
8. Laufs H, Lengler U, Hamandi K, Kleinschmidt A, Krakow Duncan JS, Fish DR. Functional magnetic resonance
K. Linking generalized spike-and-wave discharges and imaging of human absence seizures. Ann Neurol, 2003,
resting state brain activity by using EEG/fMRI in a patient 53(5): 663~667
with absence seizures. Epilepsia, 2006, 47(2): 444~448 17. Mesulam M, Mufson EJ. The insula of Reil in man and
9. Hamandi K, Laufs H, NsthU, Carmichael DW, Duncan JS, monkey: Architectonics, connectivity, and function. Cereb
Lemieux L. BOLD and perfusion changes during epileptic Cort, 1985, 5(4): 179~226
www.cjb.org.cn | ACTA BIOPHYSICA SINICA 173

Ogawa S, Lee TM, Kay AR, Tank DW. Brain magnetic

generalised spike wave activity. Neurolmage, 2008, 39(2):



5T 3L / Research Article

IR 2011 4 55 27 A5 55 2 3]

18. Snard J, Guénot M, Sindou M, Mauguiere F. Clinical 24. Gotman J, Grova C, Bagshaw A, Kobayashi E, Aghakhani
manifestations of insular lobe seizures: A stereo- Y, Dubeau F. Generalized epileptic discharges show
electroencephalographicstudy. Epilepsia, 2004, 45(9): 1079~ thalamocortical activation and suspension of the default
1090 state of the brain. Proc Natl Acad Sci USA, 2005, 102(42):

19. Penfield W. Epileptic automatisms and the centrencephalic 15236~15240
integrating system. Res Publ Assoc Res Nerv Ment Dis, 25. Danober L, Deransart C, Depaulis A, Vergnes M,
1952, 30: 513~528 Marescaux C. Pathophysiological mechanisms of genetic

20. Gloor P. Generalized epilepsy with bilateral synchronous absence epilepsy in the rat. Prog Neurobiol, 1998, 55(1):
spike and wave discharge: New findings concerning its 27~57
physiological ~ mechanisms. Electroencephalogr  Clin 26. Gotman J. Interhemispheric relations during bilateral spike-
Neurophysiol Suppl, 1978, 34: 245~249 and-wave activity. Epilepsia, 1981, 22(4): 453~466

21. Snead OC 3rd, Depaulis A, Vergnes M, Marescaux C. 27. Oguni H, Andermann F, Gotman J, Olivier A. Effect of
Absence epilepsy:  Advances in experimental animal anterior callosotomy on bilaterally synchronous spike and
models. Adv Neurol Vol, 1999, 79: 253~278 wave and other EEG discharges. Epilepsia, 1994, 35(3):

22. Nehlig A, Valenti MP, Thiriaux A, Hirsch E, Marescaux C, 505~513
Namer IJ. Ictal and interictal perfusion variations measured 28. Bénar CG, Gross DW, Wang Y, Petre V, Pike B, Dubeau
by SISCOM analysis in typical childhood absence seizures. F, Gotman J. The BOLD response to interictal epileptiform
Epileptic Disord, 2004, 6(4): 247~253 discharges. Neurolmage, 2002, 17(3): 1182~1192

23. Norden AD, Blumenfeld H. The role of subcortical 29. Buckner RL. Event-related fMRI and the hemodynamic

structures in human epilepsy. Epilepsy Behav, 2002, 3(3):
219~231

response. Hum Brain Mapp, 1998, 6(5~6): 373~377

Investigation of Childhood Absence Seizures
Based on EEG Correlated fMRI Technology

ZHANG Hao'?, QIAN Zhiyu',
TIAN Lei®, ZHONG Yuan', YUAN Cuiping',

LU Guangming'?, ZHANG Zhigiang?,
JIAO Qing?

WANG Zhengge?,

1. Department of Biomedical Engineering, College of Automation,

Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China;
2. Department of Medical Imaging, Jinling Hospital, Nanjing 210002, China;
3. Department of Neurosurgery, Jinling Hospital, Nanjing 210002, China

This work was supported by grants from The National Natural Sciences Foundation of China (30800264,30971019), Local Key
Projects of Medical Research (07z030), The Scientific Foundation of Jinling Hospital (Q2008063)

Received: Jul 1, 2010  Accepted: Oct 22, 2010

Corresponding author: LU Guangming, Tel: +86(25)8086018, E-mail: cjr.luguangming@vip.163.com

Abstract: Typical childhood absence seizures consist of brief impairments of consciousness with characteristic
bilaterally synchronous 3 Hz generalized spike-wave discharges (GSWD) on electroencephalography (EEG).
Simultanoeus EEG-FMRI observing the epileptic activation from haemodynamic and
electrophysiological aspects. In present study, three patients with typical childhood absence seizures were
studied using EEG-FMRI with 3 Hz epileptic wave power spectrum analysis. Significant activation was found
in the bilateral thalamus, while the significant deactivation was found to be widely distributed within the
bilateral parietal lobe, posterior cingulate cortex, angular gyrus, and middle temporal lobe etc. The findings
suggest that the thalamus may be the origin of epileptic activation, and the widely cortical functional
inhibition may underlie the neuron-pathophysiological manchnism of impairments of consciousness in typical
childhood absence seizures.
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