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Abstract: Objective To investigate changes in the betweenness in brain network and the functional connectivity between brain re-
gions with abnormal betweenness among patients with refractory epilepsy based on graph theory. Methods Resting-state functional mag-
netic resonance imaging ( RS-fMRI) was performed in patients with refractory epilepsy and healthy controls. The acquired RS-fMRI data
were preprocessed with the Network Analysis module ( Gretna) to calculate the betweenness value of each brain region. Statistical analysis
was performed to detect the brain regions with differential betweenness values. The REST software was used to calculate the functional
connectivity value between each pair of brain regions (regions of interest). Statistical analysis was performed to detect the differential
functional connectivity. Results In the patients with refractory epilepsy, the betweenness value increased in the right triangular part of
the inferior frontal gyrus and the right olfactory cortex and decreased in the right dorsolateral superior frontal gyrus, the left orbital part of
the superior frontal gyrus, the left anterior cingulate gyrus, the right superior temporal gyrus, and the right inferior temporal gyrus, as
compared with the healthy controls. The functional connectivity between the triangular part of the inferior frontal gyrus and the superior
temporal gyrus was lower in the patients with refractory epilepsy than in the healthy controls. Conclusions There are changes in the be-
tweenness in brain network and the functional connectivity between brain regions with abnormal betweenness among patients with refractory
epilepsy, which affects the information communication between brain regions and may cause cognitive impairment in epilepsy patients.

Key words: Refractory epilepsy; RS-fMRI; Brain network; Betweenness; Functional connectivity

it 4 % RS-fMRI ( resting-state functional magnetic g T R B O 4 EL A N B R (AL
resonance imaging ) FJ Al XC BF 58 & BUBR N & — P RN W B AR KB BRI REREO Y Kk

BETR :EHR HAREHEA (30973084) , R B AR A (11040606M167) , %304 L BOEHRITH H (1301042201) , %808 B A 5L 46 &
LA H (1306083028 )

B B #A:2017 - 07 - 19;f& B H#7:2018 - 01 - 02

VBB T (1991 = ) 5 AERz BE U , -1, 18 M SO 2E B 5%

BIE1EE AR (1972 ) 9, FATERI, @ E0RZ , -5 A SO, 2 ISR RS i 0 S OMRHRYT

- 30 -



[ B b 225 2 22 40 B 2 i

2018 4F  #H 45 % 1

(betweenness ) J2: Il 21 BE H/F 5 v XTI 21 BE 2 17 9F Hr 1
— A AR AR, AR AR R0 4515 B AL 1 TP AR
T3, F T B iy F AT /N T 5T 1 A 0 2% 33 47
8, 0T LAY A0 D) 445 2h e AR AL o A IR g st T3 1Y
STk I A R YT T ME A TR A M 2%
8 B0 R 3 T8 A 5 DA R ) R IR B AR DG T o

1 MR5RPE
1.1 FFxRx&%
1.1.1 @me REBERKFEME & 7 B B ff

ZRANBHIE IR 1112 IR B ME A R U AR A 20 B (3R
1) o ANEFRHE: OFFE 2 4F I DL AF A METR P00
1912 W br e, 45 A B BR B8 R 38 2 ( International
League Against Epilepsy , ILAE ) 2001 439§ /255 @
CT  MRI %5 5 HL A5 2k R R I | i 8o &b B
FE KA 1813 0 & AE 19 Mg P P61 45 90 H i TR ) O R R
T R 4 TR R 1 38 BRI K T @ T 2 KK R
THT 11995 9 B AH S0 s s @ E H M B 1R & B 5% o
1.1.2 xR &I 40 5500 GE 3 X B4 20 )
(26 1), HEBR 1 20K #2248 22 S L Ath A 56 2% J 1
P, TR B HE B MRIL A 25 2% =, TR #2245 9 ik
% ,CT MRI K fiji g Rk & B %, A A Fo A
P i M AR S L B SO Ak R B A I I, OF 25 R
G FEL(P>0.05, £ 1), HAMLE, K
IR PR 7 NS R Al o R (R L Sl
S WL E , B A 52 1 TR 92 50 i X 45 A B 5T
25 KA B AR 5 355, IF 2 B HE R T

1.2 7%

1.2.1 RS-fMRI  %## %4 . {#i fJ Philips 3.0 T ff
PR AR R G, 16 3 38 b5 Uk Sk 4k B X ik i AT
i, VB N 2 32 3R AR AT E H IR A W0 24 .
FH T PTG Bl A e P O T AN L H
B, TCARAAR B, A iE 47 & 401k 48 TE h, IR R
M AL B T S 7 i s [ Bl SR R . T S 8
Jp B . 240mm x 240 mm |, % [ . 64 x 64, &
S I 8]/ 18] 35 1 8] : 2000ms/40ms , J22 & : 4mm , [5]
PR Omm, [ 2 45, #2803k 25 2, 3L 180 4>
A, HMAERT 2 6min,

1.2.2 HEMAE 8 H MRlcovert %k {4 ¥+ DI-
COM A% 3 SO 5% 4 o9 NIFTI 4% 3, S8 )5 7E Matlab %%
¥ 55 F i F§ GRETNA 1. 2.0 ( http ; // www. nitrc.
org/ projects/ gretna ) %X {f Hf Network Construction #% 2t
X O AT TAL PR R 4 B R A D B ) 2 ARG
1E : BIBRET 10 A B ) f5 & 15, LARE AR AL 4% 5 3 A
T ok B R 225 @k S AL IE: T3 BB 7 3 >
Tmm 73 > 1. 5° 89 9t A 0F 58 T8 50 B K s ©
25 () B AL < I AT S 1A B M 12T 2 SR T 3 mme x 3mm x
3mm H R AE 2 5 2K i 22 95 WF 5 T ( Montreal Neu-
rological Institute , MNT ) #7 #E fit % 8] (¥ D) GE AR B4R s @
S AR B DL U 4 U D 6mm Y R 0T A% AT O T
OFELMER . LR VB E LR IEER ; @1
JEE  $EHX 0. 01 0. 08 Hz 14 i {41 15 5 5 D 42 i 1
Ay =V R EREN e Rl R EREAE Ay B i Py 6
AL LL AAL_90 MR 90 x 90 F K % .
1.2.3 mm b OK45 2 K% GRETNA
AT Network Analysis A58 He 755 H 2% 45 25089 9 BUMH
QK5 55 iR 2H 70X IR ZH 9 A B AT 2 L B A A
B, BA B EEN YA, OB ECHERMT
#5 F] BrainNet Viewer 1. 6 ( http://www. nitrc. org/
projects/ bnv/ ) 1% o
1.2.4 Fhaed o O H#H LS LMt
REST ¥ 4 BO(H A 22 57 09 11l DX AF 2 J% 2% 8 X (region
of interest, ROT) , fiff Ji] ROT A 5¢ P P 2 [] fiik 2y A 1%
Vs QW 25 AT IS BEA ¢ K50, 15 B A 25 5 0E
&, i J1] BrainNet Viewer ¥ g 25 ¥ 3% 2 1%
1.2.5 “%itsad BHSEITFM SPSS 16.0
XF it i EOE AT ge it s L X T A IR A Y
TR ORI 80 £ AR Uk 22 (0 +5) Rk, W20 ] IE
Ao A vh i PR ORI ¢ A B 5 T 4L I T ROk
BRI RS, P <0.05 RanERHAAH
Gt E Lo
2 $R
2.1 —BABIH

EVA P ZEL R B XoF R 2 A AR i SCAR R E
PR J7 T 22 5 00 A R Gt (P >0.05) .

F1 BHEAMEEINIRBA—MBIRILE(x £5)

| F#(Y) I ACAR () Bl E( 5/ %) g - FaAE ()
R 8 B R 2 22.16 £7.57 16.41 +4.23 20(9/11) 16.72 +6.58 12.37 +3.24
i Bt FR 48 23.37+6.9 15.05 +3.75 20(10/10) - -
Al -0.76 -1.35 0.83° - -
P AL 0.30 0.27 0.64 - -

Eia A, EA A A

.31 -



Journal of International Neurology and Neurosurgery 2018 ,45(1)

2.2 WM& EE

W 5858 415 IE W X R AL A B AT P LR ¢

Bk, B AZRNRX (K28 D), KT
=SB LR O B TR R SO AR

R2 BEASERWMRAMLEBTHME (x x5)

Ji K /AR i?ﬁ Iy e e SR PP
W M 2R = 2= M) 21.9 31.12 43.82 -2.40 8.08 £10.40 19.68 £16.60
IESR 40 L e J A -16.56 47.32 -13.31 -2.50 9.53 +7.54 17.39 +9.62
ZAXHRTE 2= 50.33 30.16 14.17 2.05 28.42 £23.30 13.32 £19.24
LYV Z= 10.43 15.91 -11.26 2.13 16.06 £12.69 7.91 £6.98
P A A -4.04 35.40 13.95 -3.32 11.37 £7.23 29.12 £22.72
R Ew 2= 58.15 -21.78 6.80 -2.19 13.43 +9.23 25.16 £21.61
T = 7 ) 53.69 -31.07 -22.32 -2.17 8.47 £8.23 17.21 £15.23
2.2.3 FHEBLRE:. BNBAEERNEEAN B EG ], BB T 2 T A (BRI X)) 7 2 A ik 2% P Y

I 6 X 2 9 i X A5 2 RE 3 #5270 T, D) E T 1 45
BT PIISLAEAS ¢ K, 2R s (LR 3 K1)

R3 EEASVRAHALLDEEEENTHER (X +5)
28 %)
! x4 B8 28
1) 20 20

FTEEZAHE5HE 1.1420.57 0.72 £0.33
E) ) # i 4

(- P14

-2.75

0.010

ORBsup.L
ACQ,.S}FdeAR

P

SEGdor.R
Giriang.R T .

[FGtriang. R ACG.L
ST

STG.R
- OLER |
FGRS () gt

SFGdor.R

Ag}.L
ORssup.L .

STeR FGigang R

ITS.R O]‘“R

NHENRHEFOBRER LS EEN TR(EE
FTEEATHEENHHEAER, LET SEATEEA
YT F, 3 &30 R T R R ) 2 Ak 4 4K SF-
Gdor ; % s} 1l 41 £ = ; ORBsup : 1E ¥ #1 £ =7 ; [FGri-
ang : 51 F & = 4 3 ; OLF ; %2 & Ji; ACG ; 3] 4o 4 &7 ;
STG . # L w ;ITG . 8 F & , L. 24 ;R A&1M)

3 Wi

AT AE SR A BIF 5T & B NI Y 2 fiE
TR IR BRI AR 45 R A B E SO £
LI Y R L AR 2% PR A R R B AR R R

45 K I 2% 4

TR, A B0 M i 2 W A B
G, X A T 45 1) 52 0 B, R D

AT KB, ME 36 PR R AR A0 [ A
0], 22 A0t D] B 3%, 22 A0 1045 1], A 0 3L fa]
A5 T X 4 A R o B A R R, DX
S 5 X 75 R 4% R B T T R R DL R S
At IR DX £ L A 3 19 BB 0 R s A 0 R TEL = A
B, A O LR 5 X A HME 3, AR AT T RE 2
W 2% 1) — BB WL

Posner 4" 41t TV W 4% B, A T
BE Tl = AR H R L E AT SR . R
B SR TR B )2 5 B 7 B R, R R 4% 1
SRAT T R 1% T L A, 7 S 4 R B A G A
B4 e A B A RN AF L, I B i X DA I Bh E AT
A R0H T X R A A 4R e R4 U
W, I 4 Y PRAT DR T 2 B B E S 40 B AL B
O 15 B AR T F B, AR BT R A R gk R
120 1 S 1 O O 1 o e
TR T AR 4 TR SN T B A
Tachibana 45* 1| I 4 B 26 0038 11 38 4 40 1 1% 5%
1B A BUEE AT 45, 38 5 IMRT S A% B 3% A 34 30 AT
5 I BAT T R L4 A AL, BT 98 K B R 7E AL B W R
1F: 45 I AT A00 I 6 B — £ 45 T Q8 R Jhe 3 T
Sk 4 0 A7 % AN BRAT Sh BB 0 T A TR, A BE ST
E #4501 1 40 F [ = A 3 4L 0] S 8 4
Bk A o R E) IR X 3 TR R A R A
AEPE B PE R W S B 2 E,
G F W VR T A (A S b o R o 1
1) 3 R R AU, S R T DL B
DR Y S o TR T A L 2 5 AT B RE R X
T AP, Kim 25 DAy T 1005 (810 A 4 A

1S4
W

P =]
He &

.32.



[ B b 225 2 22 40 B 2 i

2018 4F  #H 45 % 1

GHA A 1 A X, DA R A 2 R A T T B A b
SIS L IE I AT IR EA O 5 R K R E B
f i 717 o A S T A O A Y BE A R g
SN P AR, B X HNAT O 0 W AR RLIE Y, A

F0HT [ 32 2 00 5T i 5% nE 4% B A A 2 A AE B U R Y

w5 R TE g T 5 A o U e 7 00 £
% BIVIE 3o 4 A e o kT AR BF SR R LS A
00 I 1 35 40 T X5 T 0 [ A SR k2 &
PEBUIE XM A T RE R R AR 1A o 4
M TR R B R 2 AT RE S AT O RE R
Sy B U)X fEH: b — 26 i X 12 5 5 AT Th g
=R A B X R A A S T B B
BT 00 9 R TR R A AT S R R
Kb Bz 25 i S RGN T 5 R ), A BT A N
S0 YR R P R S R R B A i B
I, AT 5 00 450 I R 2 B Sh R . B R R RAE A
42 % 1 T B A4 A 0 Sh BB L A T BE S [ B L 2 5 R
FEURE A5 BN T, A WF 58 S B ME IR VRSO A 2 T
A B 4 X XA 5 S B T S 9 4 R X
I BE AL AFE 53 o 76 X A B0l 22 5 10 0 X 2 47
I RE i B4 T I, FR AT K BLHT AT (AT [ = A
) 5 (B E 1)) 22 0] DB E RS . 0 R
AR T X W b R X LR A,
5 B 2 AR T B LR 0 AT A 3 A 2
510 e A, e TR Y R T 4 B T AT
2k T e R Tl 5 T A B A R R B R DL R R
S O T R bl 28 T A R AT 2 R TR T s i
TR PR 5 BRI 5 8 2 A S Bl R
3 — PO 2 S BOAT D BE B A

xR, AR 5T S B AE T4 P O AR IR 4%
VI QR N o o R N T
(] 385 [ 0 10 T 4 R R S S I X A T
A 530 0, 70 5% IAT 2 B 45 T A A 1 R 5 I
M5 30 22 ] B R B A, AR T RE R S
M 22 1) 0 2T 2 S T B, R RE 4 S BT I
4 A5 B 2, B BOAT S e — 4 B, 2
DA IR AT D i L 505 WL A T
e A S R A 2 B R P S R
f A [ T £ B 22 S, 3 T 0 0 A TR G e, AR B
¢ % BRI S5 I X2 75 K 6 R L i (B 6 IE
AP, T — B Bt IMRT 45 43 ik Al P 4k 22 x5 3
il IX. BE AT I ABE 58 3648 78 I 10 4% 5 % SO A 1

TR A8 AT 2 BE R Y AR B

£ % X W
Blumenfeld H. What is a seizure network ? Long-range network
consequences of focal seizures [ J ]. Adv Exp Med Biol,
2014, 813:63-70.
BIUR], g I, e, S MEVA VRO & I 2 e
1o 2% /Nt D M AR A Y S A MRILT ] . A b 2R 2%
Wi, 2015, 48(8) :677-680.
Lu ZM, Li XF. Attack Vulnerability of Network Controllability
[J]. PLoS One, 2016, 11(9) :e0162289.

(2]

[3]

[4] Chen ZJ, He Y, Rosa-Neto P, et al. Revealing modular ar-

chitecture of human brain tructural networks by using cortical

thickness from MRI [ J ]. Cereb Cortex, 2008, 18 (10):

2374-2381.

[5] Posner MI, Sheese BE, Odludas Y ,et al. Analyzing and sha-

ping human attentional networks [ J ]. Neural Netw, 2006,

19(9) :1422-1429.

Tachibana A, Noah JA, Bronner S, et al. Activation of dor-

solateral prefrontal cortex in a dual neuropsychological screening

test ; an fMRI approach [ J]. Behav Brain Funct, 2012, 8

(1):26-34.

[7] McDonald CR, Delis DC, Norman MA, et al. Response inhi-

bition and set shifting in patients with frontal lobe epilepsy or

temporal lobe epilepsy[ J]. Epilepsy Behav, 2005, 7(3) :
438-446.

[8] Moore PM, Baker GA. The neuropsychological and emotional

consequences of living with intractable temporal lobe epilepsy :

implications for clinical management[ J]. Seizure, 2002, 11

(4):224-230.

[9] Kim C, Chung C, Kim J. Conflict adjustment through do-
main -specific multiple cognitive control mechanisms [ J ],
Brain Res, 2012, 1444 (12) :55-64.

[10] Botvinick MM, Braver TS, Barch DM, et al. Conflict monito-

ring and cognitive control [ J ]. Psychol Rev, 2001, 108

(3):624-652.

[11] Kim CH, LeeSA, Yoo HJ, et al. Executive performance on

the Wisconsin Card Sorting Test in mesial temporal lobe epilep-

sy[J]. EurNeurol, 2007, 57(1) : 39-46.

[12] Sloan DM, Bertram EH. Changes in midline thalamic recruiting

responses in the prefrontal cortex of the rat during the develop-

ment of chronic limbic seizures [ J ]. Epilepsia, 2009, 50
(3):556-565.

[13] Bigler ED. Anterior and middle cranial fossa in traumatic brain

injury ; relevant neuroanatomy and neuropathology in the study

of neuropsychological outcome [ J ]. Neuropsychology , 2007,
21(5):515-531.

- 33 .





