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Application and Prospect of Single/paired Pulse Transcranial Magnetic Stimulation in
Detecting Cortical Excitability in Epilepsy Patients ZHOU Ying-ying, WU Hui-ting, HUANG
Shan-shan, ZHU Sui-qiang. Department of Neurology, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430030, China

Abstract Transcranial magnetic stimulation (TMS), as a non-invasive neurophysiological technique to measure
cerebral cortical excitability, has been widely used to study the etiology and drug resistance mechanism of
epilepsy in recent years. This article reviews the application of single/paired pulse TMS in detection of cortical

excitability in patients with epilepsy, and summarizes the role of TMS in exploration of causes, classification and

medication guidance of epilepsy.

Keywords transcranial magnetic stimulation; epilepsy; cortical excitability

DA P AR A 28 T R A A T R 1Y B
P28 TC 2ok BE 2y R [ 2D A S22 00 114 i 22 R
T T ARAS RIS U ) R BT 47 Pk R R R
AR B A B T % A /K28 b, A B TR A M
NPV A9 A2 RS, 3 il R & A 245 MY 18
FH 32 IR UE 4% o Z8 M % 90 9% (tanscranial magnetic
stimulation, TMS ) & —F B4R AP (1) i 2844 SN
AR AT 3E e 2T AR S B 1 T il
Fbp T B2 i vl S PEAR A2 Bl B T 4y A
IR 2 TR DI RE , SRR T3 % A R A 7K
A, Ay T 5 95 149 AL T T 5 4 A 1% S R e
TMS e i i Baker 55 T 1985 442 H , 43y L fk o
TMS Wik ol TMS, 5 52 TMS F010 3% fik i il 8 45
X CABEHLXT BRBFFEIE AR 8 42 TMS X i 2>
Sy b P A P R 8 18 0 A A A3 R A Bl
H, P61 S5 P, 5 T A — B T ALY H Bk
TMS A6 B J57 24 Ay PR ARTE i RA ) 2 AT e
N o B, AR SO BB i TMS A6 5000 2
JE A PRSI v g 7 B i S TR

1 B/XWRk i TMS %l 2 B i Ry R 3R,
ERASHREX

12 By B T N B S % v /40 A o0 245 B 2
B — B, T2 B S A SO AL (R i) m e ] 2 1k
WNGGE ) B T PR A R R TSk ik

AN BRI P A T Ik R E T R s
Bl BT, 28 28 AT b O AR 20T, 7R AR A2 B
175 /% HiL {32 (motor evoked potential, MEP ) i] DATEGLHE
T/ NILRSEZ A WL BEE RS . X A7 B
gkt ELAE T — M2k 0y s FSE B AN TR, T
425 BT 0 93 e O~ 3k sl kx> 5 o)
T T PR B T0TE RE A7 AY R R P | T R
LR TRk

Bk v TMS 2 105 MEP i | i oz
B8 {H (resting motor threshold , rMT ) 1 Ji7 Jii 2R 1
(cortical silence period, CSP) . MEP i i v LA & ¥
P S e 7 JoT 24 A MK o 5 MEP AHOC 1 S 40 46
™MT } J Jii iz 8)) 175 % i {7 (cortical motor evoked
potential, cMEP) . HE7| & 10 > MEP H % /b 5 4~
MEP [ i =100 pv (4 /NI B0 B oy eMT (]
1A) , tMT ML R KA BRI o3 LU R RN, &
A7 2 AT G B A B MT, 20 103K
120% rMT JHi| # F 5 £ /9 5F ¥ MEP % i 5% R
¢MEP. MEP {7/ F 3 TR0z 3y B i 22
TUAN AR F R T T A58 % R TR eMT AT
R 1 S5 P 28 T AN LI 9 2445 7, eMIT (RIS
BRI B B 2 on A S A M T . 2R E
PR HARNLP CRIRER R AL 1 3= shs il s , 3 LA
— A i, 2t — BRI S LR B 320K
45 , N MEP ()25 5 28 Wk 57 35 Sl 104 3k B s ) Ky



WG SRS EEE - 2023452 H - 5184 - ol

CSP(I#11B) . CSP BRI e Bz Sy # i 4 o ] 22T o 2
3 T 2 B (gamma-aminobutyric acid B, GABAB) 3 1 [ 1 14
CSP I < FEWR A GABAB ZZ A3 1 35, RIS J5e P 410 i 1 v i)
P TT LR DI RESE o .

MUK TMS SZ AL R TR S 283 — 22 a1
(B, PR T — BRI S T S bk s ] ] B R
R i3 (] B (inter-stimulus interval, ISI) , %5 IST—#% 45 1 ~ 5 ms,
K IST—f45 10 ~ 30 ms F150 ~ 300 ms, A< 3% T 5 FAAY L
Ff IS PRXF JSEXT DK def 18 SR 5 F 1 1) g — B2 10 ~ 15 s M
Y2060 45 25 18] B 2 5t P9 A i) (short-interval cortical inhibition,
SICI) | J J§i N 5 4k (intracortical facilitation, ICF ) F1: [a] f& J J5t
P9 (long-interval cortical inhibition, LICI), 46 FLI— T
H, 2 ms B S ms S5 FE T LA B _E 0, S MEP R 5
cMEP (4 HLAB R 2 SICI( 8] 1C-D) , Ho AR 3T 0 26718 B2 J5 P 4
T, 50 5 T 2 A (gamma-aminobutyric acid A, GABAA) Z AN T
PRI A P ) b 22 TG I 45 T RE ARG , > 1 7RI 1 45 DhRE =z
Wi ST PA—A BT A3, 10 ms ol 15 ms J5 737 A —A~ 5 L
W, EI ) MEP % i 5 ¢cMEP 19 LU fEAU 3R ICF (] 1E-F) , 3878 F
Jo N o 2 -3 - S -5 FH R -4- M PN TR ( a-amino-3-hydroxy-5-
methyl-4 isoxazolpropionic acid, AMPA ) 5Z R/ 5 (19 24 A5 P Fh ]
PIETCIER TR, I H K S B K T 2 A R 45 D e i, LU
A2 0 F0R J BTN )AL I8 I RE RS . 2637 A —A~ 10 FoRgg,
150 ms 200 ms.250 ms =% 300 ms J& F#-T A—~ B R, 55—
A1 3 MEP 9% 7 5 55— 1313003 MEP 3% i i) L (i 43k
LICI( 1G-J) , FUfEDBHE T 0 3271 K2 BTN GABARSZ 1A 3 (410
TP R (40 250 IR 28 DI BEARR G , > 1 7 H il D 2 T e =2 43t .
UK K A fh 52 AN [0 35 ) B X 192 19 MEP EEAEL T 34 A 1Y
T2k, [RIRE S i i JoT 3 e AT R 26 D) BE .

A . )
‘ L
F . '
‘i ¢ | ) | ¢ |

93

2 B/ TMS KillE R e S EERETHEX

FEMABAAT R A DG SE TR 28 AR A s 3 o, A BR/XUTK i TMS
WH5E — B0 Ry SO 56 P T 525 SICTI S5 A CSP 4 Ji 9, B35k
15 SR IR B 778 K TN GABAL AT GABAS 2
PR SR E S ThREDNES . 5201, 4725 381 SCN1A 3L
SR F R T 45 A3 1 1Y oV 5, 7 3 80% Dravet ZR45 i
Hn] LUK B SCNTA JE [N 94, —JT X 6 44 Dravet 54 ik i
HEAT Y TMS Aar i & IR SICT 5 ft FREXT BRI TC SCN1A K& R 28748
PRV S5 R EL B4 B S0k 553 , B i PRI 28718 R 3 GABAL Z MR
S B B NI T RE ™ A2 T, GABALAZ{Ay2 W HE R43Q 3t
(K 575 1] fig 5 R M A PR A G, 78 14 1A R43Q KL 5878
1) £ HP AR 2 PR SICLU S , 7 A ICF 3453 , FHH L R 98 A
F2 I N GABALSZ AR T X 25 D REVS S5 1 AMPA 3Z (KA
ST PE S DI RE R TR Y, A 2% ) Unverrich-Lundborg J
(— T e AR B 3845 B R4 T M ULRE 25 PR 00 ) 24647 TMS BF
9, IR SICLIR S , DAy ] BB -5 505 114 v B 1) A 6, ¢
T P B 5T UL B4 2 P 5 B PE K (familial cortical myoclonic
tremor with epilepsy, FCMTE ) J&— F & Y& (& /4 1 18t 1% 9530
— M ERFIFCMTE K & 1 4 44 WA 1 B2 T 24 PR A I R
BLSICIIHS , CSP4fE" . 75— 1] 22 FCMTE X 3 6 44 i 5 (1 B
FEAAF N —BESSE"

Br T 1R ECh — SRR Z5 8, A T IR A A R,
TEXS 17 4 Rett ZEAAE 8 2EAT B K oh TMS Kl i, % B %
CSP 4 7, [A] i eMIT fib 35 T35 ), Bz JoT o 2 T 200 % oy M o
o fHJZE CSP AL 5 2 A A7 AE 1 3k -CpG 45 5 4 11 2 ZE R
(methyl-CpG-binding protein 2 gene, MECP2) J& 5", 7E 24 {7l
A B4 % B (cystatin B, CSTB) ¥4 %8 £ 1) Unverrich-Lundborg

D E
i by
|
| J
! ey l

T : (A)RES I 104~ MEP 1 52/ 54~ MEP [ = 100 pv 9 55/ R B4 oM T 5 (B) B EHT Sk B il (120%rMT) , 2A 6
FE4E--CSP; (C-D) BB 3k - 3 T 335 (80%rMT, BRI Z (4 il i) , W4 (055 S -- B _L- 0384 (120%rMT, RIS 564380 , SICI=MEP/cMEP;
(E-F) 2217 % - B T 03K (80%rMT, RIAS A0 , i € i Sk - B a3 (120%rMT, RPSZ 534 ) , ICF=MEP/cMEP; (G-J) 2 {61 i
- b (120%eMT, BIS& A0 | 5 (37 k- R (120%eM T, BISEEG ) , LICIEMEP s/ MEP s

1 Bshif g



94 Neural Injury And Functional Reconstruction, February 2023, Vol.18, No.2

i T R I CSP 4K | B GABAWSZ A S0y I P E 2% 2 e
B, A1 oM S 25T, ELE R3S 04 B R eMT {ELAH
S, R L H SR M 2R A T R B eMT B R AR 5
Ah, H B A W i A2 14 H {3 A R JF 2 1 (transient receptor
potential vanilloid 1, TRPV1) 3 K 285 (-4 ICF 3458 , 1 5t Y
AMPA ZZAKA G 10 247 1 25 D BERG T, (LA D R Joit P 41 i 0
KIS R, LA RFSEEE TR A —E00T B S50 (R AS [ A8
LA SRPUR VBl A G

25 LTI e A5 R AR T 00 R 3l A7 B T
FSH] 0 2 3 F ok 55 R o 228 0 B FE A P AT, M DG R PR 9 A
A BB UAE HM H T 24 A MK, S SR R A FR Jg . B30
ik i TMS 38 3 %ot g Jo 24 A PRGN , A BT 7% ot P e 0
R Bz A 28 T4 I R 2 DH RE B A5

3 B/ Rk TMS 4 il Y B2 B % B i S R 5 26

FR A FE PR 2 (International League Against Epilepsy,
ILAE)2017 4R (i fe B 72 Wi A VR BU00 SRy kbR UL L 4
PRI ORI IR FIANRESX 2K 4 K2 WIURTRYT A RCFIIH 1Y
U B DIRH OGN, AN [) S R B X [v) T4 % A 25 0 A I L 28
R ESRARIRTT . P , RS A 70 28 2 0 S8 8 PR
TR Z—, HETS AT AR R S 8 &
H i & X A AE R B , MUK i B RSAAR 22 A et m] 4 it
RS E B 0 T UG AR BEAG Y BH RSS20t
30T B ALk L OE o & 5 7 2 AR R (positron emission
tomography , PET ) Fl1 & K 460 7] & 45 B T2 W, HiHh PET X
i ek A R BRI T AR

AWFFERH], TMS o HAT %531 4 10 R s kb R0 1) 78 7
RET1 o Ao SR 0 AR 24 Y SRy kP 0 6 B R T %
PEFAAEF BRI 22 57 , B KLU~ Bk 5 000 LU 52 BEd BE D Av Y
AR, T LA FHC A 245 0 140 M M Jey e P 2 v U R
LA BRIE] BB A P 22 57200 AR SRARGE , JRy P A o A
1] CSP XA R L34 B 4 4, SICT AR R AT e AT
TRCS3S3 , PR A > R A AN KR R 19 T3 PR 00 T R M Ay R 00 2 A
O k25 W TR e A M B AR 2R ) B S R A BRARAE . T
FFEHE 7 S e A A A8 2 A XU A i 2 K rMIT 54 B Xof iR 3
AN 2, PRI rMT R DA 432 0 0 AN (A B

X T A FH 245 1) A TR P S0 B A PRI R L
R R RN B S A4 B T3 AT WO 2% I RESZ 4, SR I K It g
DA P, R R BT SRS T X — WL Ik Ah, Silbert 4
AT R RESR 75 A 24 A R P 4 TP STCT 9553 A1 ICF 1Y
5, EMARI N R e . WU 2RI ™, JUH R A AR L 2R
T I AATE SICLIRS o 255 b, ZE AR AR 25 i Jey k4
SRR 114 T PR 179 2 S5 L A B AT RE A AR RIS 2, Bk M e
il B A (E SRy A D D05 A 2800, AN s BR T B0
SRIE S MR e EPSPEIPNIE S0 oS s WSl i gD
TS AL GUK i TMS ARSI P 25 X 73 T o R E A A i B
FERE— AP B Uk H R AR 1

4 B/ kiR TMS #iE) B B4 i i S & 1E 25973

TMS 1A —Fh 2 A= BRI FE A , o] A5 19 245 167 4
HEHE 5, HLRRRS BRI TR SR . B ATyt B2
AT kA FH T 8 - 3 T e I R B e P ok R HE B At R A
B LR TG S . RSN R P BRR P R
YD A2 £V HH PO SE 2 BT 4 v i AR R OE BN
tMT, {8 52 A 28 SO A0 M I 41 A 5 PO — 0 ] (i A
9 TMT Fhi L2 A AR FIL R nT i SICT RS8R, £ 15 1
JB N P 45 PR T R 5 TR IGR L AT 2 FPT st BRAT L, e B 16 FH N
RS T e TS AT AR AR R B g m ™, X455 AR & Ve 2
PG L i 2 A5 2 15 5 I AU A8 B 9T Ay MK F 1 JEE
I8 BT MR S M 6 W58 B b fi ek TR M, o470 & M 265
A R P R 2 BBk ih TMS AG:I 25 11 i e R 2 ik
BYARAEIEA TR REAT , T R A A U £ 2 X B & AR 2
S BRI 5 A

TRIT T2 R EAE" R UG 2397 SR AR 5B 2 a1
FERD R IG5 F S B 46 DR 28 1) S T 2 MU AR DG . B ST
it 225 P TN PR 2R AT 9 3 SR A T AR IE 3 0 B T AL
A5 5 18D TSR/ RUK b TMS AR SRy —F s 28 0 DAk Bz 5T 2% sy
K RIZ 7 3004 TR Ay A A A i 24 PR e S T D00 A 5
MZ—o =N 3 AERYATEEIF SR BRI R 25 )
B B2 JB 24 P KT AN BE TS A 75 e J At 25 PR O
ER AT T 45 ST AR AR 9 B et 2 sh AR
ANV A TP A B8 Jry PR, AU ] — b & AR 25 BV AT
IR BV JC K M R TR FH2Y )5 8 ~ 12 ARG iz %A e FH 24
T A S BARAER, L v 2 1 6 3 R B o RGP 2 e R A 24
Wk BN G K R 0 BB N AR 2 Fh 2 5 e B I 4 s
FHZGRUALE S | M 2G4 rBEAIC, LICT3Y 58, 1R ARfbfe
FHZ430 ~ 36 A G ATSRAFAE 5 W 245 300 76 i 26 2 Fh 2 5
LRz A HEATI R R A AR a3, LICT S ik o DA B F
G AT M ST AN R X R AR IR U . 5
Hh—T01 22 H OIS ERR LICTUASBAE R it 25 M0 A4 54, I
T 25 e TP 5 245 B e P 00 A e B . = 2 2 [l AT
— IR ) LICT 34 T (8 3 22 5, BARIZ SR IR T g T ANIA]
Tl TMS BT R 22 5 8. DL EAS—SBUO IR 2510 75 2
P RABEARBITE . T 8 A PN [ R B B A S50 1o A 2
BRI | 5218 A IO & A R 1) A BH L PR & A ) 1)
RAEIA AR (AR EE DL AT KA 258 5 0 DR 6T 30
A, BIRREXT TR AR 25 WoR B B A P e A T e
ST 24 A M (E A SR B ST R AR ShAS AR 8
AR AR AL, L HIE AR INZG R 5 0 8 ~ 12 JE N, A B T IR IR
P A SRR Y R R R R I A 24 PRI 14 FE o (B DGR RY
2 T A DL TS A0 J S5 41 1 o 452 24 Je S0 &2 & A TG 73
AN E BT

£ LT L TMS A B % A MK P70 S AT R



WG SRS EEE - 2023452 H - 5184 - ol

GFRY RIS o AN SRASAH AR A D IE P 3R — 2k
L5181 B T4 Sl RIS (9 70 JE N B LAl B AR 2510
ISP, BAR FRTC A K AR OGS, (L 1R AR 21 /v
AEERE W ST, ELAS IR WSS 2 18] ) TMS 3003807 58 53 o v
K, FHT I BEA 2 AR S B e B TMS (22 etk e
BNz BN (EURA e = B AR A i Rl . %
A AN T 52 Z2 0 N 2R 2R, AT 25 %) EARRST )
A RIS DUIARZS ) AU AR A 22 RGP A . I, 7EARR Y
W5, AR ERAMNE 2 P SR B2, 7 REEA R, ™ M 22
—BYRIEOT S PR A IETE AT LU PR BN v T™MS e
S T I B T S 31 () S R0 1) AT REE , SR L B e
RS PE AR AR , B HTRETE BAS S 25 WA ] o A2 i B ) H/3L
ik TMS ZHUAAL S PREE IR I R

S 3Lk

[17 Varrasi C, Civardi C, Boccagni C, et al. Cortical excitability in
drug-naive patients with partial epilepsy: a cross-sectional study[J].
Neurology, 2004, 63: 2051-2055.

[2] Hamed SA. Cortical excitability in epilepsy and the impact of
antiepileptic drugs: transcranial magnetic stimulation applications[J].
Expert Rev Neurother, 2020, 20: 707-723.

[3] Sun W, Mao W, Meng X, et al. Low-frequency repetitive transcranial
magnetic stimulation for the treatment of refractory partial epilepsy: a
controlled clinical study[J]. Epilepsia, 2012, 53: 1782-1789.

[4] Fregni F, Otachi PT, Do Valle A, et al. A randomized clinical trial of
repetitive transcranial magnetic stimulation in patients with refractory
epilepsy[J]. Ann Neurol, 2006, 60: 447-455.

[51 Rothwell JC. Techniques and mechanisms of action of transcranial
stimulation of the human motor cortex[J]. J Neurosci Methods, 1997, 74:
113-122.

[6] Silvennoinen K, Balestrini S, Rothwell JC, et al. Transcranial
magnetic stimulation as a tool to understand genetic conditions associated
with epilepsy[J]. Epilepsia, 2020, 61: 1818-1839.

[71 Stern WM, Sander JW, Rothwell JC, et al. Impaired intracortical
inhibition demonstrated in vivo in people with Dravet syndrome[J].
Neurology, 2017, 88: 1659-1665.

[8] Fedi M, Berkovic SF, Macdonell RA, et al. Intracortical
hyperexcitability in humans with a GABAA receptor mutation[J]. Cereb
Cortex, 2008, 18: 664-669.

[9] Canafoglia L, Ciano C, Visani E, et al. Short and long interval cortical
inhibition in patients with Unverricht-Lundborg and Lafora body disease
[J]. Epilepsy Res, 2010, 89: 232-237.

[10] Suppa A, Berardelli A, Brancati F, et al. Clinical, neuropsychological,
neurophysiologic, and genetic features of a new Italian pedigree with
familial cortical myoclonic tremor with epilepsy[J]. Epilepsia, 2009, 50:
1284-1288.

[11] van Rootselaar AF, van der Salm SM, Bour LJ, et al. Decreased
cortical inhibition and yet cerebellar pathology in 'familial cortical
myoclonic tremor with epilepsy[J]. Mov Disord, 2007, 22: 2378-2385.

[12] Krajnc N, Zidar J. The role of transcranial magnetic stimulation in
evaluation of motor cortex excitability in Rett syndrome[J]. Eur J Paediatr
Neurol, 2016, 20: 597-603.

[13] Danner N, Julkunen P, Khyuppenen J, et al. Altered cortical inhibition
in Unverricht-Lundborg type progressive myoclonus epilepsy (EPM1) [J].
Epilepsy Res, 2009, 85: 81-88.

[14] Hypponen J, Aikii M, Joensuu T, et al. Refining the phenotype of
Unverricht-Lundborg disease (EPM1): a population-wide Finnish study[J].
Neurology, 2015, 84: 1529-1536.

[15] Stern WM, Desikan M, Hoad D, et al. Spontaneously Fluctuating
Motor Cortex Excitability in Alternating Hemiplegia of Childhood: A
Transcranial Magnetic Stimulation Study[J]. PLoS One, 2016, 11:

95

e0151667.

[16] Mori F, Ribolsi M, Kusayanagi H, et al. TRPV1 channels regulate
cortical excitability in humans[J]. J Neurosci, 2012, 32: 873-879.

[17] Kwan P, Brodie MJ. Early identification of refractory epilepsy[J]. N
Engl J Med, 2000, 342: 314-319.

[18] SRAEF, /IR, JE S iR/R. Vb F, 45 Sk MR g AU g e |
TE L1 IR W72 S A X B A 14 5 L AR 1], h 80 5 Dk
gk, 2020, 15: 227-228.

[19] Badawy RA, Curatolo JM, Newton M, et al. Changes in cortical
excitability differentiate generalized and focal epilepsy[J]. Ann Neurol,
2007, 61: 324-331.

[20] Badawy RA, Vogrin SJ, Lai A, et al. Does the region of
epileptogenicity influence the pattern of change in cortical excitability[J]?
Clin Neurophysiol, 2015, 126: 249-256.

[21] Lee JH, Joo EY, Seo DW, et al. Lateralizing Cortical Excitability in
Drug Naive Patients with Generalized or Focal Epilepsy[J]. J Epilepsy
Res, 2015, 5: 75-83.

[22] de Goede AA, Ter Braack EM, van Putten MJAM, et al. Single and
paired pulse transcranial magnetic stimulation in drug naive epilepsy[J].
Clin Neurophysiol, 2016, 127: 3140-3155.

[23] Oskarsson B, Mauricio EA, Shah JS, et al. Cortical excitability
threshold can be increased by the AMPA blocker Perampanel in
amyotrophic lateral sclerosis[J]. Muscle Nerve, 2021, 64: 215-219.

[24] Silbert BI, Heaton AE, Cash RF, et al. Evidence for an excitatory
GABAA response in human motor cortex in idiopathic generalised epilepsy
[J]. Seizure, 2015, 26: 36-42.

[25] Nardone R, Versace V, Holler Y, et al. Transcranial magnetic
stimulation in myoclonus of different aetiologies[J]. Brain Res Bull, 2018,
140: 258-269.

[26] Manganotti P, Bongiovanni LG, Zanette G, et al. Early and late
intracortical inhibition in juvenile myoclonic epilepsy[J]. Epilepsia, 2000,
41: 1129-1138.

[27] Hamed SA. The auditory and vestibular toxicities induced by
antiepileptic drugs[J]. Expert Opin Drug Saf, 2017, 16: 1281-1294.

[28] Lang N, Rothkegel H, Peckolt H, et al. Effects of lacosamide and
carbamazepine on human motor cortex excitability: a double-blind,
placebo-controlled transcranial magnetic stimulation study[J]. Seizure,
2013, 22: 726-730.

[29] Kimiskidis VK, Papagiannopoulos S, Sotirakoglou K, et al. Silent
period to transcranial magnetic stimulation: construction and properties of
stimulus-response curves in healthy volunteers[J]. Exp Brain Res, 2005,
63:21-31.

[30] Reis J, Wentrup A, Hamer HM, et al. Levetiracetam influences human
motor cortex excitability mainly by modulation of ion channel function--a
TMS study[J]. Epilepsy Res, 2004, 62: 41-51.

[31] Manganotti P, Bongiovanni LG, Zanette G, et al. Cortical excitability
in patients after loading doses of lamotrigine: a study with magnetic brain
stimulation[J]. Epilepsia, 1999, 40: 316-321.

[32] Reis J, Tergau F, Hamer HM, et al. Topiramate selectively decreases
intracortical excitability in human motor cortex[J]. Epilepsia, 2002, 43:
1149-1156.

[33] Zunhammer M, Langguth B, Landgrebe M, et al. Modulation of
human motor cortex excitability by valproate[J]. Psychopharmacology
(Berl), 2011, 215: 277-280.

[34] Annegers JF, Hauser WA, Elveback LR, et al. Remission of seizures
and relapse in patients with epilepsy[J]. Epilepsia, 1979, 20: 729-737.

[35] Mohanraj R, Brodie MJ. Early predictors of outcome in newly
diagnosed epilepsy[J]. Seizure, 2013, 22: 333-344.

[36] Badawy RA, Jackson GD, Berkovic SF, et al. Cortical excitability and
refractory epilepsy: a three-year longitudinal transcranial magnetic
stimulation study[J]. Int J Neural Syst, 2013, 23: 1250030.

[37] Bauer PR, de Goede AA, Stern WM, et al. Long-interval intracortical
inhibition as biomarker for epilepsy: a transcranial magnetic stimulation
study[J]. Brain, 2018, 141: 409-421.

[38] Hamed SA. Cortical excitability in epilepsy and the impact of
antiepileptic drugs: transcranial magnetic stimulation applications[J].
Expert Rev Neurother, 2020, 20: 707-723.

(AR it - )



