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Analysis of neurofunctional network in resting state by intraoperative 3T fMRI
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Internal carotid arter¥ stenosis (ICS) can lead to cognitive impairment as
well as ischemic stroke. The effect of revascularization surgery (CEA/CAS) on cognitive function is
controversial. In this study, cognitive function is evaluated in ICS patients undergoing
revascularization surgery with resting state-functional MRI (rs-fMRI). Significant improvement in
the score of the Japanese version of the Montreal Cognitive Assessment (MOCA) was found 1 week and 3
months after revascularization surgery. Especially, the MOCA score 3 months after surgery was
significantly correlated with the network of precuneus and the network between right anterior
superior temporal gyrus (STG) and left posterior supramarginal gyrus (SMG). Revascularization
surgery for ICS improves cognitive function. Increase of connectivity of precuneus and between right
anterior STG and left posterior SMG may contribute to the cognitive improvement after
revascularization surgery.
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1. WFIERAR S DO 5

FHEREZZIE (Internal Carotid Artery Stenosis(ICS)) IZx3 AAEHITEIEIZIL, BRI
H) Bt 77 (Carotid Endarterectomy(CEA)) <2 FH @) Jk 2 7 > b B & iif (Carotid Artery
Stenting (CAS)) 23 %, HWFEHIX, TN DO DOIREICHEE L TRV, HiEE D OIRERE.,
FETORSE LFOIRNT & Z2FEFRK L TX 72 (JSCVD 2016). F£7=, ICS IZBIT B2 EHDOHFZEIZ DU
THRE L T& 7= (World Neurosurgery 2017, Neuroscience 2017, Neuroradiology 2016). IRfE
DE A, 1CS ODHARBNEREIE, FFE, KiE, BN & OBk oA 8 LRk R
Lo T, BINERE LTS, LR T, JBEICE - TRAMREESSET D614 LIL LITRER
TN, IBEHEISOBETII R, FINFE TCOFREIIFFNBILICZ L. Gttt 280z
TV HARIZEBNT, BEEIERE IR X RESMEE > TRV, ZOREITRROMETH
%. WEEHETEL, CEA/CASIZ LV ek 2R AWSREREEDTFEL R L TRV, TORMOITITR
BRI BENNE L E 2 TWD. F 2T, L functional MRI (resting state functional
MRT (rs=fMRI)) &\ 5 BB G 2 IV C, 1CS TRIERTHE ORAREREZ FHG L, TRRIC L 23R
FEREUGEIZ DWW THETT 2729, LUTOMIE % #Hm L7z,

2. WEOHM

1CS VI PERRAE DGR - £ & 2 BV TR Y, CEA <2 CAS [LFRAEREREE O & i Al HE
PEDRRIINTND. L LA b, BARKEERENIC W 6 2 M DB ALY, MA D IE
WL DFERENPERIN TV D72D, 0L OBREDARELRFEV RN NLETHD.

Bix—oD xRy FU—7 LipoTNDR, IMICIIHEBE D B 72 2 B O FENMFAE L, BV EH
RYZAT> TN DL I, rs—IMRT Z W EmifE R N U — 7 123 28038 A AT T
A. rs—fMRI 1L, ZZEHFD blood oxygenation level—-dependent (BOLD)1E 5 O AKJE K14 (0. 1Hz LA
T)DWHERSFICER L, BHFFOE 52 B FRAMIEENC B3 2 EER0RE & OF & i
TWAHZ L HFALIZFETHD. rs—MRI OWFFRIZ LY, IITEE OGS DN TFET 5
TENRBHLMN R E o TWS. TS, medial prefrontal cortex(MPFC), posterior
cingulate cortex(PCC)/precuneus, lateral parietal region(LP)Z 7= AfEIEEE 45T 7+
JLhE— K%y h 7 —7 (default mode network (DMN)) 1%, FREMERE L OBIENTRINTEY,
PRFIEREREE BT TIIZODM BMEFT L TWD Z ERMbNA TN D.

AL, 1CS T K DB AEREFEE 22 DMN &) 9 IR FIRE R B 7 — X (T K VRl L, IR
B OUEDOMEA D ICS DIFEHEILEZFHST L2 E2AME LR THD.

3. WD L
ARG TIE, 1CS FATRIE CTHRLEFARAER L O R v b U — 2712 L 58556 2 17
VY, ZF OB OWTHNT 5. ICS IZKFd 2 FAfIL, CEA 721X CAS ZEGIEIZEINT 5. &
FEAPRR OB RO A & MRT OFEMIE, firam, itk 1, BIOI% 3 » AiZiT5.

(1) MRROLEFARA
MR LFEFEHRA L LT, Mini-Mental State Examination(MMSE), Frontal assessment
battery (FAB), HAZERK Montreal Cognitive Assessment (MOCA) &\ 5.

(2) MRT #%f%
MRI #5821, 3-Tesla MRI (Siemens Skyra) Zffi 4% . rs—fMRI D4 51414, single—shot echo-
planar imaging (EPI) sequence (TR 2530 msec, TE 30 msec, flip angle 80° , FOV 240 mm,
voxel size 3.6 x 3.6 x 3.0 mm, 7 minutes) &9 5. fESIFZAIEIE A1 D72, Magnetization
Prepared Rapid Gradient Echo(MPRAGE) (TR 5.4 msec, TE 2.21 msec, TI 945 msec, FOV 320
mm, 0.5-mm isotropic voxel) & [FIRFCHRILT 5.

(3) HhExR > MU — 7 fiffT
MR b U — 7 ENTIZIX, MATLAB (MathWorks, Inc), SPM12, CONN(functional connectivity
toolbox) A, B I 7z rs—IMRI {44 CONN EC, 1) Realignment : fixf&iFoih = 24
T, 2) Slice timing correction : FFfE] Z##H1E, 3) Normalization : FZ¥#{k, 4) Smoothing :
T ANE A, ORBREINZ S, PR L2 mg SRRy N — 2 T 5. ry RU
— 7 OfFENTTIX, 1) Independent Component Analysis(ICA), 2) Seed-Based Analysis M4
AT FiEE WS,

(4) FHEAS T
MDA R LU R v 8T — 7 OFERIZOWT, TRl & B %, it itz 3 » Ao
s & N FENAT O (paired t-test). HEEZROT-MHROHFHIBREL I OWRER Y hU—
TN DWW TCHHRBISHT (Pearson correlation coefficient) #9479 .

4. WFFERR
(1) e =
SFEEBIIE 22 61 (B £c=18 1 4), FXJAEMHRIL 73. 47, 7(58- age 73.4 % 1.7 (58-86)
86)%_2/6, %EZ, EE, E@OD%T?%%GZF%?%W?R@ male/female 18/4
CEA/CAS=14/8 , 1t/rt=11/11, sym/asym=7/15 T & - 7= CEA/CAS 14/8
(Table). It/rt 11/11
sym/asym 1/15




(2) thROHEZAMRAE
AT &t 138, 3 Z ORI & ATtk 3 A DL CIE, MMSE, FABIZOWTCIIABEZEZRD 72 )

o7z, MOCA IZBI LTI, N2 1 CHEZRUGE (24. 1 vs 25.7 (p=0.0004)) 238D, itk 3 » H
TiE, E512k#E (4.1 vs 26.6(p<0.0001)) NAHL7= (Fig).
MMSE FAB MOCA ore " an
ns ns *
ns ns *
MMSE 27.9 + 2.2(28.6 + 2.1[28.8 = 1.5
304 } ] I 18- 304 (p-value) (0.09) (0.018)
251 15 +/H 25+ FAB 16.1 + 1.9|16.5 = 1.5/16.8 = 1.4
(p-value) 0.27) (0.014)
204 204
124
MOCA 241 + 3.3(25.7 = 3.2(26.6 = 2.8
15 r r r r r r 15 r r r (p-value) (0. 0004) (<0. 0001)
pre 1w 3M pre 1w 3M pre 1w 3M
(3) ffExr > MU — 7 fighir
1) ICA:DMNIZBEA¥ 2t 24T o7 &
Z A, IR &R 1 & O TR
BEEBOIRMNo TN, iiai L% 3

» A & ok T,

precuneus ,

anterior cingulate cortex(ACC) & ™ cluster precuneus cluster ACC
FEEICHEEREEIMN A BT (Fig) . location (X, Y, Z) |  +02 -60 +56 location (X, Y, 2) 202 -10 +34
size 94 size 109

2) Seed-Based Analysis

: DMN

\ZBE3 B A (MPFC, PCC, LP)IZHI% T,

FRE%

EIZBIE D & A lFEEE (Superior Temporal Gyrus(STG), Middle Temporal
Gyrus MTG), Inferior Temporal Gyrus))IZ seed ZFHTE L, T IT-o7-.

R L% 1O HEE T, 1t. LP, rt. IT6 TR v U — 27 OF E BN
RO,

firEn & i1 3 » A ok ¢, 1t. LP, rt. LP, rt. STG, 1t. STG, rt. MIG,
It. MTG, rt. ITG CTHER > hU—2 OFEREEMEZROT=.

seed

STG

ant., rt.

cluster
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location
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-50 -40 +34

size

170

(4) AHBEHT
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3M>pre
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LORMICHERAMENS bR 8/ 8/
(p=0. 04) . =l T 3. . '
Seed-Based Analysis DOffH & Db B :

T, rt. anterior STG-It. . 12=0.19 . 2-0.24
posterior supramarginal gyrus i "7 Zscoreprecuneus  z-scorert.aSTG
A L% 3 2 HD MOCA DikE & D
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&4 ]\17 7 b BB E RS ol
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