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LD REEHE AT REAFAE AR AUy . BARALIA
ZUIRe U R RERS AR A s shim Hh , (H 4=
T IRE S B & M IR AR . A5
EAEE M ERR MR AL RIZEBE 2 W T RE X
i I ELTE IR D RE R bt ) 8, d 5 AR i fMRT
K (5SS REER), WITIREX I FURE K=
PG 5 ) 21 e [R] D) REE R i b S R T
Ja Z IR R AR

1 X&57F%

1.1 &

20174F 11 H~20194F 1 A 78 1 AR EERF K24 K E
AT RIZ B Bei2 Wi bz s DR X e o H I A )
e 244 (WA B, FHER (44+
10) %), AEizshDhREIX M 8 44 . i Z ik & HERR
AT e AR RGO . AR . T
ZIRE BB T RIZE G HL S N2 51 &
LIRS
1.2 REES

Ji AR AT T I RE R LR A, e R
A (rs-fMRI) KAE52 (task-fMRI) . DHAEREILIR
AT HT, ZIE Y | AL NN A5 TE 4
2N
1.3 BEf&F%EE

AR A EMRI A8 57 A v 12 30 T8 F A0Sk 25 el 1)
Siemens Systems Verio 3.0T 4k iif% 24t . J¥ 51
48 2 a4 1l R or BE R T N BURS 40 25 1 1%
(MPRAGE), Z:%{} TR/TE=3 560 ms/5 ms, %%
ff18°, FOV=256 mmx256 mm, %f[4 256x256, 2
JE 1.0 mm, A% K/D 1.0 mmx1.0 mmx1.0 mm) ;

b. rs-fMRI 1 I SR 8 H DR EFIE I, #5050 F R,
RAESHUT . TR/TE=2 220 ms/30 ms, B f
90°, FOV= 192 mmx192 mm, %E [ 256%x256, JZ
322, ZEE3mm, A1 mm, J2PR%5 053
3 mmx3 mm; c. task-IMRIFRF T3 F2% FH block 5
A, BE RS B e A S AT A A 1
fg-Vafe X f8 S, BWIREERFZE30 s, MY
1 Hz, 430 s4iRa A, L3 min. [m13
PSR (EPD SREESHEIUNT . TR/TE=3 000 ms/
30 ms, FEEFH90°, FOV=192 mmx192 mm, 7E [
64x64, JZ%36 )%, JZJE3 mm, [A]F%0.75 mm,
JEWN A 873 BE3E 3 mmx3 mm.

1.4 BEHGaESSHh

FMRI %4 4 FH MATLAB R2015b (Mathworks,
Natick, MA) ¥ F A SPM12 (Wellcome Centre
of Human Neuroimaging, London, UK) #X {4 43
M. — 2 SAE B AR AR AE TR LT shim b
JENT R, E e B /AT A X b g R4 28 1 AR
R B B X D RE R 45 SR n 4 . £l ik 2
B, g O A sk, ke L RRAS 2 A Ml T
Je B BCE b . FMRT 5040 7 Ak PR FH AR 1R T 7R
task-fMRI ¥ 1% X >10 > A1 4B 44 = Ky 3801 s
(FWE % IE, P<0.05) . Rs-fMRI %{ #ig &b 3 5% J]
DPABI 4.3 B4 " i B 2513 3l ) 4% J8 % i X
(ROI) 34 B A, 45 XA 7N i 2 BR VI X (Cere-L,
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(MD) | i+ iz shX (SMA) Kiz i
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1.5 FEZEshEE&SEM EFERMNWLIEH
(lateralization index, LI)
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BRI TR . 1A k& LI=(H-L) / (H+L),
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1.6 RiFHE
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F1, WUV I LA ARz sh o fe i .



*984- EMUFESEYWIRHR

Prog. Biochem. Biophys. 2020; 47 (9

Table 1 Common sites of ROIs constituting brain motor

network (Radius: 5 mm) *

ROI Abbreviation Coordinates
(MNI Space)

X Y A
Cerebellum (lobule VI) L Cere -18 -54 -22
R 16 -52 -22
Dentate nucleus L Den -28 55 -33
R 19 =55 =30

Thalamus (Ventral lateral) L Th -11  -15 8

R 13 -15 8

Supplement motor area L SMA -5 -4 57
R 5 -4 57

Premotor area L PMA =22 -13 57
R 28 -10 54
Brainstem BS 0 -26 -28

*The ROIs of bilateral M1 (primary motor area) were constructed
individually based on the voxels of task-evoked activation on task-fM-

RI. L and R represents left and right hemisphere respectively.

17 ZHFEFE

K SPSS 22.0 HEATHEIH o0 M7, d5 32X E
TAEREPERNZR (receiver operating curve, ROC)
i MBS LM S5 i i BN 5cRE s >k FHAE S 4L

gt T2 M %F L (Mann-Whitney U #5565 ) 5 X
HRZH | IRTF ARG ZH L T AR XU 2H 4[] FC [] i
RGN ZE T 225001 DL P<0.05 R 2R A5t
R WE) .

2

% R

2.1 IfEERER

24 235 B HE X B9 S8 A 1 AHE AR R
1561, Skhiskaapl, 5 ANTCRER, PRI & B
IR . BT AR AR BTN V 9. 16 i F2F
BRI . A NS AE AR BRI i W] — AR B
Ui FH S fop 22 MR AR B AR TVIBRIRYT . AT
REX M e UIbR 18491, WAVIBR 6], RfF34H
8 NAFAEIR A XM AR T gk i, Horb 4 ALIT IV
9, 2 AWM, 2 AU . RGBS R
2016 it WHO X #i 28 2 G e 43 b i oy - IR
Zm (0%, 106]) . maen (H-1vV %, 14
) . 8 A ARIZ S YR X Mg /B, B RE IR AR
W30, SkimskE3Hl, 2 NTCRER; 30 A Bk
AR, 84 BHE MR T LB, AR5 34 H
Vi TemRE, RIGHWRELRARE R S B, R 3
il (£2) .

Table 2 Demographic and clinical information about patients

Non-eloquent area glioma Eloquent area glioma P value
Case Number 8 24
WHO Grade (low/high) 5/3 10/14
Age (meantsd, y) 40+12 44+10 0.39
Gender(female/male) 2/6 13/11 0.23
Onset symptom
Epilepsy 3 15
Headache/dizziness 3 4
No clinical systems 2 5
Hemiphere (left/right) 3/5 16/8 0.22
Tumor volume (mean+sd, cm?) 22+17 47+37 0.07
Resection (total/subtotal) 8/0 18/6 0.30
Postoperative paralysis 0 8 0.08

2.2 Task—fMRIZ R

[FHEZ S X R A L, 32 sl RE X i &
HMIBE R LR & A (P A7 2B 0.27 vs.
-0.19, P=0.001) .z3ITfe X MR B M1 S
LUERFERTE (P=0.001, A AGL) . AXT
ARIGAIFE L E, A5 RE £ B RTT M1 L
HiEETHE (P=0.011, Kl 1a) . Kl 1b /xR M1 UG

LI{H 5 8% R 5 e ROC M2 &, il 2 F i R

(AUC) =0.867, IIfi #{H & LI=0.31, LI=0.31 Xt A

S R T R AevE h 87.5%, SN 87.5%.

23 &. EREHIKREEE Ers—MRIZG RS
Rs-fMRI Iz 2 P 25 445 s v, B0 M1 %422 &

B 2 i TR M1 S Al Y AR R (A

SRR, P<0.001) . [RGB B F AR L
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Fig.1 LI ( lateralization index ) of motor task to predict post—operational paralysis

(a) Comparison of LI between groups using non-parametric test and showed patients who developed postoperative paralysis had higher LI compared

with those without paralysis (P=0.011). (b) Receiver Operating Characteristic (ROC) curve analysis for LI of M1 activation in prediction of

postoperative paralysis and found that area under the curve (AUC) was 0.867. The best cut-off value of LI was 0.31 resulting in 87.5% sensitivity and

87.5% specificity.

ol ) B S 988 4532 ) I 245 7 8 [) FC LA & B I
%5 (P>0.05) .
24 AREFARRXE AL ZE Brs—MRIZ RO

DA MU 36 LI20.31 8595 A 53 F AR KU 41
(10 N) SRS (14 ) . 0 M1 5 HAd ROI
B8] T BE % 42 ANOVA /R 3 4155 A 8] F 200 A g 2
(P=0.16), FC E&W 23 (P<0.0001); Post-hoc
A3 M7 v XU 299 N 554 XURS: 495 A FC 25 5548 Bk
F (P=0.07), = XU A 5% A% A FC 25 5%
3 (P=0.003), IR LG A5 XL % A FC
T FEZES (P=0.31) . &0 M1 5 HA ROI 8] T
AEIE 2 ANOVA 7R 3 419 AR £ A B (P=
0.65), FC E& 3 (P<0.0001), FC 54558
HEMAEE (P=0.10); Post-hoc 43 HT71s = XU
20 NS R XU 46 N FC B 2 5% (P=1.0),
e XU ZH s N5 X6 BRZH N FC R # 22 57 (P=
0.37), R4 A\ 5XF BEL i A\ FC ol &2 57
(P=0.38) . XU M1 [8] 4 FC 7 3 £H 5 A 8] G ik 3% 22
5 (P=0.20) . [ AR 2 AAH LG, AU 4H
A(MI1-L)-(Cere-L)(P=0.022) ., (M1-H)-(PMA-H)
(P=0.016) . (M1-H)-(Cere-L)(P=0.016). (M1-H)-
(Cere-H) (P=0.046) [i] FC i ZF#A% . [RIxF FRLHAA L,
i XU 2H 95 A (M1-H)-(BS) (P=0.008 ) [] FC i %
. TRI%F B2 AR L, IR XURS: 20 9% A (M1-H) - (BS)
(P=0.002)[8] FC i Z RN (E2) .

3 i@

AHIFE A EMRI X TG R A2 3l D) e P i D) fig
DX SO e R AT AR WA . R AT AR T =0 A
FAERMEZ, AR ARE L R A — AR,
FARBAAF AR, BITECR B 38 s DI Re Rl
PR AT RE 4 AR . TR AR F R P i A I S
fBEFA, KRBT BEzshaemie .
WA ARFT T2 ML 55 & KB A MR 2, 3R AT
2% M TS D 0 A8 O AR S i R 0 EL AT 4 g
HIRLRE s A5 IRME R ML IE L & T R
ARETAIZ B RETCF 8, (BT AR XU 8 5 AH T
TR F AR NS 8 RT3 4% 228 P e 3
MR

AEXT AR R . AR el R R 2
AR (DCS) AFHAR, ARHT MRI K HTC )4 &
SRR, B HTAES . B8, Mt E
SEIRE R B TR T R . B a2
F 4% L 20 IE 52 T fMRI K i 32 3l X 5E 47 19 A 58
P sk 3 s R RS DCS R R R MRz 3 X
INHITERR PR A TR, 25 R R P HA AR =
— 3k A meta S HTR, MRIXHZE 8l X 2 11
OB AT 35 92%  (87.5%~100%) , 45 51 K 76%
(68.1%~87.1%) "' . AWF 52 F| F Fiz2 8l IMRI B 58
RE A MR o 157 ML RS ' S H Az g (2 28 A6 1
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Fig. 2 Normalized FC between M1 and other ROIs in motor network among control, low-risk and high-risk groups
(a) FC between M1H and other ROIs in motor network. (b) FC between M1L and other ROIs in motor network. (c) FC between M1H and MIL

among control, low-risk and high-risk surgery groups. *: Significant changes between high-risk and low-risk groups (*, P<0.05); #: Significant

changes between high-risk and control groups (##, P<0.01); &: Significant changes between low-risk and control groups (&&, P<0.01).

FC: Functional connectivity; M1: Primary motor area; PMA: Premotor area; SMA: Supplement motor area; Cere: Cerebellum (lobule VI);

Den: Dentate; Tha: Thalamus; BS: Brainstem; H: Healthy hemisphere; L: Lesional hemisphere.
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Lateralization of Primary Motor Cortex Activation and Functional Connectivity
of Motor Network in Patients with Eloquent Area Gliomas

YU Song-Lin", YU Tao", ZUO Zhen-Tao™”", WANG Jing”, XU Zong-Sheng?,
YANG Kai-Yuan", REN Xiao-Hui"”, ZHAO Yuan-Li", LIN Song"™

(VDepartment of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, Beijing 100070, China;
IState Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
3Sino—Danish College, University of Chinese Academy of Sciences, Beijing 100101, China;
YDepartment of Neurosurgery, Peking University International Hospital, Beijing 102206, China)

Abstract The risk of post-operative paralysis is high in patients with eloquent area gliomas and without
apparent limb motor dysfunction preoperatively. This study aims to evaluate the risk of postoperative paralysis via
task-based and resting state fMRI. 24 patients with eloquent area gliomas who had no obvious limb dysfunction
and 8 patients with non-eloquent area gliomas were admitted. All patients underwent task-based and resting state
fMRI. Lateralization index (LI) of M1 activation was calculated. The regions-of-interest (ROIs) within motor
network were selected. Functional connectivity (FC) between bilateral M1 and other ROIs were calculated.
Occurrences of postoperative paralysis were recorded three months after operations. Receiver operating
characteristic (ROC) analysis was performed to determine the optimum LI thresholds for prediction of paralysis.
Compared with non-eloquent gliomas group, LI of M1 increased significantly (P=0.001) in eloquent gliomas
group. Compared with patients without paralysis, LI of M1 in patients with paralysis increased significantly (P=
0.011). ROC analysis showed the area under the curve (AUC) was 0.867. The best cut-off value for LI in the
prediction of postoperative paralysis is 0.31 with sensitivity of 87.5%, specificity of 87.5%. Patients were then
divided into groups of high and low risk of operation by LI > 0.31. In patients with high-risk of operation, the
tumors caused more damages to FC than in patients with low-risk of operation. Task-based and resting state fMRI
can be combined together to better evaluate the risk of surgery and to clarify the mechanism of functional damage

and its compensation.
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