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The effect of high—frequency repetitive transcranial magnetic stimulation
on cognitive function after stroke based on electroencephalogram

nonlinear analysis
Zhang Jingjing , Wu Lingli,Cheng Dandan ,Ren Jiexin,Liu Liang ,Li Yan
(Department of Rehabilitation , Tongren Hospital , Shanghai Jiao Tong University School of Medicine )
[ Abstract] Objective : To investigate the clinical effect of high frequency repetitive transcranial magnetic stimulation (rTMS) on cogni-
tive function in patients with post—stroke cognitive impairment (PSCI) based on electroencephalogram (EEG) nonlinear analysis tech-
nology. Methods : Forty patients with PSCI were randomly divided into the rTMS group and the control group, with 20 cases in each
group. Both groups were given routine drugs and cognitive rehabilitation training. On this basis, the rTMS group were stimulated with 5
Hz 1TMS to the dorsolateral prefrontal cortex (DLPFC) once a day for 20 min each time for 4 weeks. Before and 4 weeks after treat-
ment, the cognitive function of the patients was assessed by Montreal cognitive assessment (MoCA ) , Stroop color—word test (SCWT) ,
trail making test(TMT) and P300. At the same time, EEG signals were collected in the quiet state of closed eyes. The changes of func-
tional connection in cognitive areas and other brain areas were observed through nonlinear analysis indexes including correlation di-
mension (D2) value and approximate entropy (ApEn) value. Results : Compared with the control group, the MoCA score of rTMS group
was significantly higher after 4 weeks of treatment (P<0.05) ; in SCWT, the time consumption of card A, card B, the time consumption
of interference and the correct number of interference decreased significantly (P<0.05) ; in TMT, the time consumption of card A, card
B and the amount of interference decreased significantly (P<0.05) ; P300 latency was significantly shortened in rTMS group (P<0.05) ;
in rTMS group, D2 value and ApEn value increased significantly (P<0.05). There was no significant difference in D2 value between
rTMS group and control group in F4, 01 and F8 leads (P=0.074,0.179,0.120) , there were significant differences in other leads (P<

0.05) , and there were significant differences in ApEn value between
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BER7 @)  A P B NS [E R0 B AL, T3 leads (P<0.05). Conclusion : High frequency rTMS treatment
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A I TR AR OGS B R R R R 245 ) FA R R S I
P, I, HE AT 28 % J L (repetitive transcranial
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T3.T4.T5.T6"™ ., ZHHMHCE T A1 A2, {2 T Fpz.
MUK 4% S 56 B R OR AR i T IRAR A 1 min (S5, 3BT
I 15 4 # (correlation dimension, D2) . iT {8l 45 (approximate
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mFE1,

F1 28— HMERLE (n;xx5)

415 5 e ﬁ SRS it Mﬁﬁﬁlgﬁm$m F AR
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0.05) ; 5 X BEALAR LY, rTMS 41 TMT-A . TMT-B #EH} . T4 &
&I 5 (P=0.000.0.000.,0.029) . WL 3.

SCWT R 7 #EA BB B 167 4 85 2 TMS R A
B.C.SIE #& R BIA T7 B A W T (P<0.05) , R F A B,
C.SIE IEREEBEA T T A WL 48 55 (P>0.05) s T IR+ Fr
A B CHERFBUEIATT B W T % (P<0.05) , {H STE #ERT 4
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W B8 (P>0.05) . S X HRALIAH LL , 37T 4 UG A TMS 41k
A A B .SIE FER A B .22 57 (P<0.05) , K A CFERTHCR UL
W22 5 (P>0.05) . rTMSZHR 1 A B CIEMEC S B AR L
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W34 .#5.

®2 2EFIKE MoCAES (P300ERHEAT L (x +5)

a5 MoCA 43 P300 7R 10

RITHT 45 TRITHT 475
TMS 2H (n=20) 17.40 + 3.42 21.25+2.82° 503.40 + 110.65 367.40 + 42.50°
XJHEEH (n=20) 15.80 +2.82 19.30 +2.05 494.10 + 100.04 416.20 + 69.40"
fH 1.613 2.496 0.279 -2.682
P{E 0.115 0.017 0.782 0.011

&SGR, *=-11.00,*P=0.000;"=-9.747 ,"P=0.000; “t=7.024,°P=0.000;"t=5.719,“P=0.000

£3 BITAIE2AZIRE TMT FERITEL (x £5)
a5 TMT-A TMT-B (TMT-B)-( TMT-A)
IRITHT 45 IRITHT 45 TRTTHT 45
1TMS 41 (n=20) 158.00 = 36.46 64.05 + 18.69" 517.75104.17  253.90+78.36°  358.85 + 107.59 189.85 + 69.99°
Xt B2 (n=20) 172.00 + 53.80 108.90 + 27.46" 512.10+123.74  360.05 +85.78"  340.05 + 159.11 251.15+97.79'
tE -0.905 -6.037 0.156 -4.086 0.438 -2.280
PE 0.372 0.000 0.877 0.000 0.664 0.029

B BECSGINRRTREE ,*=-12.701,*P=0.000;"1=10.799," P=0.000; “1=6.808,°P=0.000;"1=6.210,*P=0.000;°=7.151,°P=0.000;1=3.590,'P=0.002

®4 2HAFikE SCWTHEMITEL (x £5)

13 R AFER R BFER A CHERS SIE #EI £

TRITHT 455 by Rgili} 4 {5 IRYTT 485 TRITTT BRI IR
TMSZ1(n=20) 45.75+7.70  33.95+529" 76.40+10.63 39.60+4.47° 170.85+38.08 107.85+20.72° 94.40+43.11 6825 +22.53¢
XL (n=20) 4870+ 11.15 41.35+9.30" 82.70+15.60 67.50+18.13" 153.45+35.94 116.85+27.05' 64.20+28.96 22.15+583"
2 -0.974 -3.093 -1.492 —6.684 1.486 -1.181 2.605 8.857
PAl 0.336 0.004 0.144 0.000 0.146 0.245 0.013 0.000

BB ECG IR, "=7.412,°P=0.000;"=4.104," P=0.001;°=16.174,°P=0.000; *1=8.158 , "P=0.000; “1=7.902,°P=0.000 ; 't=8.328 , 'P=0.000; ¢ 1=

1.593,£P=0.035;"1=2.269,"P=0.128

®5 24FikE SCWT EMBXTLL (x=s)

1l A AETEL KA BIEHIEL R R CIEREL STE 1E T %k

1RITHT 45 TRYTHIT 45 TRYTHIT 45 1RITHT BT
TMSZ(n=20)  49.75+0.56 50.00 +0.04" 48.55+1.10 50.00+0.00° 26.40+5.13 36.85+3.100  21.95+5.58 14.15 +3.31¢
X RRZH (n=20) 4950+ 0.69 49.82+0.03" 48.80+0.95 49.80+0.37' 26.60+538 3585+3.34"  22.15+583 19.25 + 5.62"
o 3.249 3.582 -0.769 1.831 -0.150 0.981 -0.111 3.497
PAl 0.137 0.325 0.447 0.075 0.881 0.333 0.912 0.001

BB ECSGINERTAT L, =-1.751,"P=0.09 ;"1=-53.249,"P=0.004 ; °=—5.900, ° P=0.000 ; 1=-5.294 , "P=0.000; *1=—11.371,°P=0.000 ; 'i=—12.225,'P=

0.000;5=1.593,2P=0.128;"=8.974,"P=0.000
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P T ik FL 5 SR B A T e T, S K e % 20 9] 3L RS Y
A5 B 58 3 0 ik R A5 5 BB R AT 434, ' TMS 4 6 IR A 4% 10
Bl S5IRI7ATA A ' TMS 41 3238 % D2 {7 P3.01. T3 7
AT I .25 5 (P=0.055.0.399 .0.052) , Ay S BExt AT
B I 22 55 (P<0.05) s X IR ZH 32308 D2 F4 . F8 . T4 F:IXT L
B 522 5 (P=0.047 .0.014.,0.046) , HiAx SR L TE I 7 25
5(P>0.05) . [ ELEL G712 21 (8] 45 S 156 D2 {5 AH L3
JoH i 22 5 (P>0.05) 5 ¥R Y7 )i 2 4108 D2 {EAE F4.01 . F8 S 1%
Xof F TG A 5 2% 5 (P=0.074.0.179.0.120) , HiA ST L AT B

B2 (P<0.05), W6,

53697 RUAH FLE . TMS 41 3710 ApEn {H7E C3.P3.,01
S IC I 222 5 (P=0.078 ,0.060,0.106) , HAx S BEXT b
A7 4 25 57 (P<0.05) 5 X RE 2 372104 ApEn {H FP1 . FP2 F4,
F8 . T4 T X L A7 BH i 22 5 (P=0.032.0.045.0.049.0.033
0.022) , HoAx RS He o B 22 5 (P>0.05) . 4L [H] L3 - v
JT AT 2 4 T BE ApEn [EAH L T W1 8 2% 57 (P>0.05) 5 3R )7
Jii 2241 ApEn {H7E FP1.FP2 . F3.C4.P4.,02 . F7.T3 S04} L
A B 22 57 (P<0.05) , HoAy SO0 G B 8. 22 5% (P>0.05) .
WK,

®6 RBARRSTRRESSHED2EHME (x+s)

TMS 21 X HEZH
SRR e A S e ol Pl
e[ Vi) EPARED] EpAgEY
FP1-Al 3.44 £ 0.35 4.06 = 0.58 3.13 % 0.40 3.49 +0.44 2.476 0.024
FP2-A2 3.52+0.24 4.07+0.53 331+0.24 3.55+0.36 2.567 0.019
F3-Al 3.43 +0.29 3.69 +0.28 3.11+0.39 3.30 £0.19 3.645 0.001
F4-A2 3.58+0.24 3.94 +0.41 339+0.22 3.62 +0.37 1.832 0.074
C3-Al 3.53+0.39 3.63 £0.29 3.27+0.33 3.25+0.25 3.138 0.005
C4-A2 3.69 = 0.16 3.89 +0.26 3.45+0.33 3.46 +0.33 3.237 0.005
P3-Al 3.38 +0.40 3.56 +0.34 3.14 %031 3.14+0.32 2.845 0.010
P4-A2 3.61+0.18 3.87 £0.38 3.46 +0.22 3.49 +0.33 2.388 0.029
01-Al 3.42 +0.40 3.44 +0.37 3.03+0.42 3.19£0.42 1.412 0.179
02-A2 3.61+0.18 3.94 +0.43 3.50 +0.22 3.61+0.11 2.351 0.032
F7-Al 3.42 +0.40 3.95 +0.30 3.35+0.43 3.62+0.17 3.026 0.008
F8-A2 3.74 £ 0.33 4.14 +0.49 3.31+0.59 3.77+0.51 1.654 0.120
T3-Al 3.57+0.42 3.68 £0.25 3.21+0.49 3.25+0.31 3.414 0.003
T4-A2 3.81+0.50 4.09 +0.29 3.41+0.51 3.68£0.31 3.054 0.006
T5-Al 3.45+0.32 3.64 +0.37 3.10+0.38 3.27+0.33 2.360 0.031
T6-A2 3.76 £ 0.52 3.96 +0.38 3.43+0.22 3.37+£0.27 4.002 0.001
R7 RHABRRETZREE S APEN EHME (x £5)
SR TMS £H ’ paiista:l _ " Pl
BT HI HIT R TBSTHT BT
FP1-Al 0.77 = 0.10 0.99+0.13 0.78 +0.14 0.89  0.06 2.209 0.047
FP2-A2 0.75 = 0.09 0.97 +0.08 0.71+0.17 0.87 +0.13 2.072 0.037
F3-Al 0.70 = 0.09 0.98 +0.12 0.80+0.19 0.86 = 0.05 2.919 0.011
F4-A2 0.83 = 0.08 0.94 + 0.09 0.82+0.20 0.93 +0.05 0.307 0.855
C3-Al 0.82+0.14 0.90 +0.12 0.87+0.19 0.80+0.11 1.943 0.072
C4-A2 0.81+0.07 0.89+0.10 0.82+0.15 0.82 +0.04 2.055 0.046
P3-Al 0.75 0.12 0.85+0.14 0.83+0.17 0.75+0.11 1.776 0.089
P4-A2 0.82 = 0.08 0.92+0.14 0.81+0.16 0.810.07 2222 0.040
01-A1 0.77 + 0.08 0.83 +0.09 0.81+0.14 0.78 + 0.15 0.904 0.377
02-A2 0.86 = 0.09 0.76 +0.13 0.82+0.15 0.89+0.11 2414 0.028
F7-Al 0.78 + 0.14 0.94 + 0.09 0.86+0.19 0.86 = 0.06 2.339 0.023
F8-A2 0.83 +0.07 0.93 +0.09 0.77 +0.17 0.92+0.10 0.235 0.909
T3-Al 0.82+0.18 0.94+0.10 0.90 +0.19 0.79 + 0.15 2.631 0.015
T4-A2 0.90+0.18 1.02 +0.08 0.85 = 0.09 0.94+0.11 1.860 0.080
T5-Al 0.75+0.13 0.87 + 0.09 0.85+0.16 0.81+0.12 1.265 0.231
T6-A2 0.81 = 0.05 0.88 + 0.09 0.86+0.18 0.88+0.14 0.001 0.908
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A2FFH, 25 M DLPFC 2 H T35 i) W 4% vh il
LA AT AT T AT S, AT VR T PR T o X 4% 1
ite, N AT BE K & o

AR, BG4S ] MoCA S it SR A 0 7K S
T 32 SCACRE BE i 52 ), HOG AT T 2 B A U A
FEMEAR . KA A TMT A-B.SCWT,
WCST S5 55 . TMT-A FE I s B A ] i 2 BR (1)
IgE , 18 3% B otis sh U s TMT-B FERT [z i 2 2= Bk
B aE AR E BEE e 1Y, TMT T &
MR, FR AT REZ ™ E . AW A iR
ST 4 G, 2 4152 8% TMT-A . TMT-B ¥E6 . T3t &
BR YT AT I T B 5 FL A TS 2057 85 B
SCWT EZ AL THLRE S . BRAERES s, R A
A B FERIE PR BN T 4R R AL, TR A
5% 4 S g ) [R] 5 [R] B R FE RS B>A, 3R BH A A
SeAbHLE X FRALBRE (, FER B C IS
a2 TR R C AbHEL R R A A de s, %
R E ST H0RE S 55", AT DD RE AR X 4 25 . SIE
FER B E 0 B0 22 BH T PR il S R AR IR, AHIF
I8 R By TS FIR T IS, PSCLER A TR A AL
B . SIE FE B E5 34 48 %) B 4 B 5 I B, STE TE i 250X
MEALH R %R B A BLC RIIERIEL, K F CHE
By 5 6 B ZELAH B oA DL i 22 5% 0 3K UE B &1 00 rTMS
AL DLIE A 2 = TP R RE , AT 3G 58 PSCIL R & 1)
PrHHERE Sy MBI TIIRE .

FH AR S B A A LR WA A T BE . Hid,
P300 7 AR 2 B 7 vE 2 FED ZiC 12 i UG AR, 5
NG B DE NI D RE A 2 IR IR T
P300 V¥ i 15 i A4 22 S 30K, W B P300 1 1k
WIEAT 0T o ARG &R, B 45 ' TS 135 , PSCI

FBAE P300 PRI BH B 4 0, HL S5 0 REZH AR A B
Z5 R BE RN E  IZC 15 5] — E
FE Rk

EEG SR dn st A & v e g s, H
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