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Abstract
Objective: To systematically evaluate the efficacy and safety of transcranial Direct Current Stimulation
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(tDCS) for seizure control, psychiatric comorbidities (depression and anxiety), and cognitive out-
comes in epilepsy. Methods: We searched PubMed, Embase, Web of Science, and the Cochrane Li-
brary from inception to October 31, 2025 for human studies. Stimulation parameters and primary/sec-
ondary outcomes were extracted. Methodological quality of Randomized Controlled Trials (RCTSs)
was assessed using the Cochrane Risk of Bias 2.0 (RoB 2.0) tool. Results: In Drug-Resistant Epilepsy
(DRE), cathodal tDCS was associated with short-term reductions in seizure frequency and suppres-
sion of Interictal Epileptiform Discharges (IEDs); available randomized evidence was derived pre-
dominantly from focal epilepsy cohorts within the DRE population. Serious adverse events were
rare. Evidence for mood and cognitive outcomes was limited and highly heterogeneous. Conclusion:
tDCS may be considered an adjunctive therapy for DRE; at present, supportive evidence mainly
comes from focal epilepsy subgroups within the DRE population. The durability of benefit, optimal
stimulation parameters, and predictors of response require confirmation in larger, multicenter tri-
als with long-term follow-up.
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1. 51§

T A2 LRSI s, 4Bk E T 7000 Fi[1], A=02 — BEEETE. 7o A R DLk
i 52 M R AF I HURAE 25 JE AT ToiE SRAS R 0 R AR ], F5- & 25 HE VR YRR (DRE) I 5E X [2]-[5]. 4R
FARGEN P 055 25 M VA MR A PR IR 2, (FOE ROAESZ PR AR ANV A 45 DR 25 AdAH
L) R AT B = W R A R BhIR YT 6] (7]

S bRIET, AR AR R AN B AT SR eh I CE O AR R = AT, R Ih ARG R AT
&, 5 AR T EAEIC[8]-[10]. KAE AT KAE RIBTFE B (IEDs) LA K B i - F2 2 5144 - B3
R TR IR E S SH R AR, $EoR LUK 2% S $E s (R4 22 845 R RE R I sE e R A S I 4R

28 P B (D CS )id i 3k B AR IR P B PR, PR AR R AR R e A TR T, IR AT S
NMDA SZARFH G AT I 5 2% EAL[11]-[16]. ERAT 78 2 KA 1~2 mA. 20~30 min/iR. 4L 5~10 X1
ISFI A I JRSCEES 1e) B0R X BSOR MR RSAR X s AT TR s e SR 32 M R4, 8 WA RSy — 3 1 S B e/
JRPE BRI BEECERIA[14]-[19]. BEAE, 15 4MUlET #5572 (Dorsolateral Prefrontal Cortex, DLPFC)#E[7] tDCS
A F PR B 1) BE AL JE AR 5T 5 Meta 2381 FR s /N2 i S LA R0, SRy FCAE 0N & 17 48 B v 1)
TR MR R AL SN BIEHE[20]-[22]

BOE A 0T FH S 2 328 (1 AE 1 B 3 22 4 v 245 W X 3 10T 8 SR A PRI N 3 BN R AE AR L TEDs
Sl R R AR AR AR TR AR (AR R RS 5 I ZE R AN, M OGIERTNG = R4 0 0 )2
GHTe AL, BUATESENE SR D LA ZIRES SN R B 4 2R AT R X Ay S5 A A, BRI T AN
EAEZ BT R0 S (] Ee e S IR R . DRI, AT ST B ARl RG VPN, RN £55 VAL tDCS SR &
YRR ] RS PRI R FL 005 B 2B 3 o B RIS, 3 S5 AE 249 B S5 0 2R B AR 4 0P IEH HEAT 70 S A 3
DA AR 1) — A A0 B (AL B 4 T (IR A AR
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2. 5k
2.1. XEEER

WA RGN 5 Meta 43T 26 4R 45 70 H (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses, PRISMA)#H 3, £ PubMed. Embase. Web of Science Cochrane Library #17 [E %1% (China National
Knowledge Infrastructure, CNKI)H LA “epilepsy” “seizure” “drug-resistant epilepsy” “transcranial direct
current stimulation”  “tDCS” S NIZ O KGR ], BEA “depression”  “anxiety” “cognitive disorder” %5k
PRARIACARAE, HEES 2025 45 10 H 31 HAR NS00 ik

Wik 1 R, WK L3RS SCHR 1914 F5(PubMed 150 %5, Embase 1349 %, Web of Science 150 43,
Cochrane Library 132 j&, CNKI2 j&). Zbrdl/ 420k HERR 1796 j% B2 KA MR ZE B SCIR G, 42300
fEIF IR AN 52 s CHk, AFEREHLNT IR %6 (Randomized Controlled Trial, RCT) 15 5, LUK AEBENLNT IR
W RGLHR/ RN FAHEFE . RN HAMUEYE 37 & . SCRRTTIE S5 200 5205 iy 2 i 7
BT, A I, WS e, B A = A A R R

IRFIRSHICE (n=1914)
PubMed (n=150) ; Embase (n=1349)
Web of Science (n=150) ; Cochrane Library (n=132)
CNKI (n=2) ; EfirpX#dE~E (n=131)

TREL/ BN n=1914

HEBRSZER (n=1796)
BE; 8RR

SIFEH n=118

HEBREX (n=68)
TRGMNIE; FIaEIRTRE

MNFAZR (n=52) ; REHLIRRIAEE (n=15) ; EEE (n=37)
AEBENIIERIAR, RALIA/ Metantft; HALEAR, 15R/HR

iE: BN S ER R S R B IR T
DIZTHEHRR, BEHE=BRRERR.

Figure 1. Literature search and selection flow diagram
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2.2. PYANSHBRIRE

YN GO BB T R N B LB R o B TN R A% 250 S AR AS 55 90 S T R A A AT A
R, FENEE FFEORE SRR I IEYE 2% DRE RS2, FHESZ NS SRR 5. T
N tDCS BY 5 73 28 242 15 B HA )i (High-Definition tDCS, HD-tDCS), R NHIRERZ AT, N
AIEFEERE . T2 R KA WO BORIE. WP B AR IR T o AINBENL BRRLG  ATRE 1%
T e A I R TIE TR 7 VR 22 RN I R G L5 25 30 T . HERRBISESS . SRR MER ST, 5 B HERR AL
DWSEEFN ¢ AN AR e

2.3. BRI S REEMN

XTI SCEREEIOIT e it PEACE . AFRCAIROI ST . tDCS RIBSE(RAE . A /B FRIASEE
BRI K ST AR RER) B U7 IN 1) B 2 BRI ES JR) o BEHLA BERE8 K ) Cochrane BEHL 50 (i (27 XU P74k
T H(Risk of Bias 2.0, RoB 2.0)PFi ik & . RIS i & PO th Py 2wk 70 5 oL k4T, sk
BT AR AR SR, A0 23 BN E S T 18 B ) 5 = T T

24. IHBEARZE

T ARG 3 RS 805 45 R Febe S R K, A 7T DL e M 45 & 32 % DRE R4S (DRE/AE DRE/
ARG S WIRRAL BRI R A, BN R, EeEEE SIS S L8t
B, X DCS W5 ) 5 m kAT 456 B W .
3. &R

ARG, AN 52 B SCHR, A4S 15 01 RCT & 37 Wi HAD B 70 () 1). WERLE SHRRSIT 2L
FAE “HPIRBRAS < JRZET” W EE R PURMEIEYE £ B4 T DRE B = 4 M 3 5
P 5N F4E RiEiE SR E R BZ R RE DRE. EELERSARUT.
3.1. WA EREH

BAATTE, Btk tDCS {£ DRE A Al A BRARA R i, R4 322K | DRE B A B0 R b A5 I
#, HREtERE; X GGE Kl Lk b, BUA RS 2 USCRIEi . (W& 1)

Table 1. Overview of tDCS efficacy across epilepsy types
1. BSEEMH (DCS T

WRRE R Rk RAR BITHR LA
Bk tDCS/
HD-tDCS
1~2 mA,
Yang (2020) [25]; 20~30 min/iX; . _
Mzt PPl ME. - San-Juan 2017) [26]; o0 SRR %’gﬁfg-
Ja AT R Rezakhani (2022) [28]; (204 20~30) 3~14 K; AT s B
‘ RCT Hfih MTLE-HS % ERimgL o
RCT [30] [31] [391-42] Rfpigipx 2 im
(5>
SEEG/H3%
HHHS)
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4k
st . <30 AR T :
o TS %ﬁﬁgﬁ/ Cohen (2024) [34] CRIRE/ARGE #ABHH tDCS ﬁﬁ%g
(GGE) TRV DRERE)  (BHEREK) "
?¥?$3FS R AENEDs:
’ = 5.
JUE DRE % BEbl. WHE. Auvichayapat (2016) [35]; 20~30 min/K; %ifgggfég
FEIR SR A AE BB iR Ashrafzadeh (2023) [36]; 22~36 LR AT,
(41 Lennox-Gastaut) RCT Auvichayapat (2013) [37] S R ol m; ;%E
eIV e Y e
L ALl

3.1.1. M A TR

Hendi £ #8423 RCT MZEE MR, [ tDCS AR AT F4K DRE £ 30%~40% 1) K& /45
R, gAPERAF[17][23] [24]. 2500 FHRTT RUBERT MZHTRES, KIALER 75 &8 R e s HAh w4
WEBRE S . MG SCRF (DCS W] BN EHAYT, FIEN DRE ARSI M LARZR[17]
[24].

3.1.2. EktiERRA

FEFF & DRE & X KRR o, tDCS BIHTA A IESE AR — 2. Yang 552 0 XU XK 2K,
H 1~2 R9IHK tDCS FI7E 8 J& A B 3 BRAICRAEAR,  mdiTy ARV 31 5% th B 52 R4 [25].

San-Juan Z5E7E RN 259 Mk I P A 6 £ 5 i 4k (Mesial Temporal Lobe Epilepsy with Hippo-
campal Sclerosis, MTLE-HS)&E &t Wt 5 #e7R, 4L 5 REAMK tDCS nI7E 1 /N H Wk % AF 2% 1EDs, i
WIRNL BT IR TS [26]. DIREM LI FL IR, AR (DCS Ja i X 25 SR 00R T R, st B o v B8 e A 3
REFEAZ[26][27]. K F SLARN A FE (Stereo-Electroencephalography, SEEG) 5| 5] HD-tDCS F i L 7) & A
FRRR DK, A T R0 o0 2% 56 4 5 g B 28] [29] 0 S /IMPE AU RCT 4275 DRE thff) MTLE-HS KAF
TR, (HRFHERK[30] [31].

3.1.3. BERE

GGE JAHRELEEAE R I - B RIS e AR AN A B I 28 55 [32] [33]. A7 BRIK 56 22 SR A rh
AT N EE X IKIBA R tDCS, #5r BF 2 B ik E - PR AR K IZ MRS IR AR R A ek, DhReRE LR
%1% (functional Magnetic Resonance Imaging, fMRI)$2 7~ BRIA W25 F1 B2 - B 42 1 % [34]-[36]. BlA
GGE #¢ tDCS W Fi 2 Kk & 85 2 DRE RAS, WHBURAMERN /M2 DRE H111%) GGE ABf. 40T
WEHE AR, 752 4 B AREA E T e S KRR 78, LA HAE GGE H (13 RRE AN XU [27] -

3.14. )LEBREEFREEE

JLEE VS MR A2 tDCS N A BB ABE. HElJLE DRE AJIENE £ Kk B /IMEARXUE B30 I
RCT: FH#% tDCS 7] %5 PR %84 JLZE DRE 1 Lennox-Gastaut 25 & E 83 [ R /EAI IEDs, A R H4E
D UL35]-[37]; EFEARRESREUITIAIR, WA R LSCHEEZ AR ZHE)7[38].
3.2. BHE\NER

5 RAFERIALL, tDCS X B A8 £ RE LA KI DI REREAS (K77 R e a2/ . AR,
ZERANE, HA A7 AR 2 1) RGN . (LA 2)
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Table 2. Overview of tDCS efficacy in epilepsy with comorbid mood and cognitive impairments

2. BAHIBLE. INHMEES S DCS Tk
WA R R IEE KA REMHR FEAETE (DCSHAFR FERMWEINNEL RIS

Ll A DLPFC fH
¥.. #i DLPEC/

s BB 2 2/ -

. P Azmoodeh 2021 " g PRFIREEEE s BEVIHIRK
CRIE DRy pi, ey o T en D s, B
LIRS HULRCT; Ry LU2010[47] - 2633 Bl o Bomink, DRRMERAGRE. X
BRIk o B 20k Meta S04 Mota 2021 [45]; émx?E/Meta &it 520 UK TAREIZ ZER[AZ R

NS - Ding 2025 [44]; ZKEB o e EFEMSGER 5,
WLV Chen 2024 [17] £%§f§$§%wﬁﬁﬁmﬁﬁﬁﬁﬁ
B o )
AT e
417 SEEG/541%
SENL IR AER R X WA R AFE M TEDs #ifef T

IR R BENL. B Rezakhani 2022 BUEUR M LR B B, 5 B IA F>50%
TN, RS HD-tDCS RCT; [28]; BIAY) HD-tDCS/Z i  J&k{E. QOLIE-31 5

R TR, RUWETEITFRRE  Bartolomei 2025 16~20 15 tDCS; 2mA, MoCA S\ ERA i E

HOAAIZE £ (DCS BAS [46] 20~30 min/ik; A HVAER/ AR R B

S Z kg PR HE A PR -
SYMZ TR

3.2.1. HDEBIEELR

iR B AR S 2 ) S vy . AR/ DLPFC FHAK tDCS C IR SEAE @ H I AE & i B /N rh
RN EE[43]. AR AR & FE AR NBE R T FEAR A IR, 2 8/ MEA RCT BRTHEHERAF . #5
TLE X% K F £ DLPFC [HAR . AAGEBAM 5~10 Y7 RE, DU JRHIAR & 3 0k 2 i A R PR s e 4l
AR 4 E 3 bR B b SRR FE BRI [29] [35] [36]. 1EBEDT I N AT, FLABRISEH IR A7 /0 B S ks, $2
NS s Sl VA2 R E

3.2.2. £EER

FE 8 R RE S 2 1 0 EL RS T RS AR . BUE T 45 S o, DLPFC tDCS X 2 MhfEE
FANERA H SR AR R N SN[ 21] [44]. BAERIR & IF &I B H, IDCS JRIT 5 R4
5 2 U ILTE AR A E S R 7, 28U BoREE B AR RN =R AR S 1 B R B B R AR e R
(Hamilton Anxiety Rating Scale, HAM-A) 1% 41 FE B, 22 AN G0l 235 [45] [46]. H BT vMELLF E (DCS
TEIN A IR RS T B SZ AR

3.2.3. INATHEES ML AT

SR AH DN N RS B2 PAT  TE RS 2 ANYEFE DA B F0 1 R UE B tDCS W] A2 S e 81
12 PATDIREEE BN FUKF[47]. AT S, B S HIEETE —8: #5245 IMRI AR HL R 2% 54
PR, MMk tDCS A FEAREUR M 2% [F0 1, B SCHET I IERERGE, 5 RESMZA IEDs i T FEAH—2
[22][30] [48]. 64> SEEG 5|51 2 i#iE tDCS 7T M %% 280 4 7 i 2= 5 %-31 (Quality of Life in Epilepsy
Inventory-31, QOLIE-31)H1 5 ¢ F| /K A K1 7F4l (Montreal Cognitive Assessment, MoCA) %5 i K A iU i %
[28] [46] [49], (HSZFEARRRE], UEHETEHREAK.

4. g
S REAE B R AR LA ML, AR RGN 1 58 R A TR T — A 2 YR (AP AAAE 4
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FEGJRTEbR I E b, BRAAESRRIAN, RN SGUE 1 AR TR R I 2% AR SCHR bR, JRRAE 4 . W 54 &
BB MRE R — I NV AR EEAEZE b, AR SCIE IR 25 S B DL 45 A B 28 A AT U 2K L
B [FINXHEAER EL SEEG S5 ML @B U 1) HD-DCS/ 20 3l 3E ML RT FUEAT R 9645, BL
R E AR R R (I 3)

Table 3. Comparison between the present review and other 2024~2025 reviews/Meta-analyses included in the reference list

3. AXESETHE T 2024~2025 FH LR/ Meta DITHIZEF XL

ZRERACRIER) EEAANFRESSRNE ERAL 7 EFERAE A SCHN B

TERNESE R, RGN EEG/I M 2%
fabs, JEFRPMAIMAL. 8. WS
GRnbie- 3y PSS B il g
“EW R BDRAS B IR AT
it 30 =R 5 e NN & )i
AT R S i R g

EW I RCT IEHE 58 B I R, b 78 AR

Chen 2024 [17]; LAZGYIAEIG SRR 29I RCT + JEBEHL
Sun 2024 [23]; NE; RIS, B DUSRRR A
Ding 2025 [44] IEDs 5% &M N LR SRR MR,

, . FE[RE DRE; Z NN RCT; e o e e L
: L2 e, X5y IEE 2 . P

Hawas 2025 [18] R S 1 HD-tDCS/Z il il A4 it

BUBL S S BT S8 “BERAE™ IF 0 e ot
(e Rk |,

b
B 0CS (eI DU E - s L,

Mam202s(s1]  AEEREmEA L B e gt e,
s ARz T IS AR

(5 EEASHE AR E 7 T

AHIFCCL “ PO < FSRR 7 MRS SRR PURME R EE T DRE NHF A 1Rkt
PESGORSIEAE, TSRS AR S5 R UER U3 B, HU02 — ANl st T R IR i A 78 0 MR R VIR )T T
H

>No

4.1. B SIEHESER

KRGV IR, B tDCS 97 R0iEHE 2ok B DRE 85,  HAEZPWAEIR I = B &5
RIMEH—B BA BRI R AE R TEDs #IHIFEFH[17] [18] [23] [24] [50], Z4atkR4F, wIE
AT 23R TT AR ARIGTT Z 1B — AN A R B 2 IR Tk T . B2 TUEHE 7 ZP A i R AE
B8, AR LR T SR e PR H AR R A AT (1 I 8 S oy o A5 (T A2 R A B BR AR KR T AN A
LR ZEMRE. L2 TR, tDCS X0 £ E AR AR SN FNIThRERI BB, RS TERR /i 78 p R H
BWAES, (HIFERARAERARE D, Bt RSN EEERR, BARIEESIONK. Rk
P A TR ) L B AR R R £ 5 AAE A0, R4 DU SE 128 , RS S5 4 IR BRI [25]-[28] [30] [31]
[35]-[37] [39]-[42] [45] [47]. (JLIE 2 R 3)

42. RERMESRMESRAOTHERE

ANTRIRITFEIR) ST 3022 e AR 3 B MR S5 SRR 7R, tDCS i (' FH i BE MR A I 2 R ALE o B80T I 245 JR)
PR ELA5H) e RE M B BT BESR A, PUAR IR AR k. S5 00 ™ B AR A, AT RERI M T e T
Bee T 82 A B o SRR VHEPE 5 S 800 45 R R T A A SR . RROT B BT R AN L BEXIE A
R HE S BBV I 6, 2 MU S5 PSR B AL 17] [44]. BEAL, AE#R SR IPAL s R R 2 BN . 2
Wi B UL AR R IER, R SRS R G e A —BUN AR R
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Yang 2020
Tecchio 2017
Assenza 2017
San-Juan 2017
Rezakhani 2022
Liu 2016

Mota 2021

Luo 2021
Ashrafzadeh 2023
Zoghi 2016
Auvichayapat 2016
Fregni 2006
Auvichayapat 2013
Tekturk 2016
El-Nakah 2025

AR

Figure 2. Risk of bias assessment for epilepsy-related primary outcomes

B 2. i REEE /RIS

mEIRE—IFE ORELER)

&

W HE R R =
o ST B OB EmoBE
W = 3
BOME B DY OF 2

3

Yang2020
Rezakhani 2022
Liu 2016
RS

Mota 2021
Luo 2021

Auvichayapat 2013

Figure 3. Risk of bias assessment for mood and cognitive disorders as secondary outcomes

B 3. 1BEERFIARERE AR EE R KT

4.3. IEPREELE
BT RTIEE R, FRATEE I A RIS e AEFR B A A AR YT X T S50 A AT X B
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Wi 296 T7 AE A ARE & F AR 29 AEE Y R A 0 B, IRR AT 5 R R Rk IR DCS 1 N Bh
TBIT o N5 R 7R B A IRTT AR KA TR BRI AR AT R . AL, R SRZGAETE VR I
B, FEEUR AR R PR . P4 46 b HL AT 4 s % I | (High-Density EEG, HD-EEG)8¢ SEEG H#ffi 2
A7, JUJSE AT AE B M tDCS 3K 25[26] [44]. K FH SEEG i HD-EEG 45 & L @ AR B AT AN A b, FTAE 3T
3 E I A SR A B 2 1) R AR IR D R X 4% BB AL [28] [46] [52].

TEA IR AR S B2 T, ARV (DCS VE IR & IR RS I — iR T . e B
X RRE 2P SO FIR YT RNAS /R I, AITE 7R 40 01 A A EIR R I E N T B, e FEHE S
B NI N AT o TEINKIRERS 7T, B AT JE L S5 IR SRR (DCS F T MG RO A S A RIS . R
KA SIS -2 T TR/ AR JHE P AN R BN R G TRINBL AL, DA % 3Rk A A
i 8

4.4. HFHHTH “WEMFEF” BESZIEEBEHD) (DCS FHEMRS TR

T G AL AR RS 0 20 R 45 T E I e 2K E bR RSO b BROR AR R A DX S it 0 1) 42 1 45 DA
BRI 4ATPE . /> TEDs HoeE KM IR 358 DLAS DLPFC N O IIAR - 104056 1 5 W 4% DLk 36 15 45
S5 ARG tDCS e LAE [F]— ORI R AR A P 8 b, DRI T 5% S0 T 0 2 B gk A7 m] =5 42 11
SHEET .

% J@3E HD-tDCS @il I R “ R f1” $4E THR T BE . DA UFHE 7R SEEG 8 HD-EEG &
PG F ) JEAS TR 5 A4 HD-tDCS 7E Z9WHE 16 = 0 HR 3 7R [ R VR 5 I 28 BG5S (28] [46] [52]:
7. DLPFC HEn)fSAE s Aners h A AT S — e v EEVE[20]-[22]. Rkl 42 B DR @(7F 78 7 A1
17 [ 25 5 7 M )«

1) 7 BB (RS HERR): 2 “PURAE” J5 “Hudian” (SRR RE S B BY) o BOm kbl . BB 800w
W R ECE ARG X (T7 B T8 P, EARHE), A FHARAHIAE FIX S8 #8; 1~2 mA, 20~30 min,
5~10 YK[25] [26] [28]. 1545 : BAML F3, FAMK Fp2 5% F4; 2 mA, 20~30 min, >10 JR(FJZE 15~20 k)
[21] [22] [45].

2) [FIVK 23 WU s (FR R M) ERFFEHESE N SR A HD-DCS 3515 B0 XA e R AEBA M . X e
DLPFC Wi RN S H LU BEN <1mA. BHHE <4mA. 20~30 min, 5~10 /%, FFLA
P37 S B B IX O B LR X 32 4% 28] [52]

3) WEIAEAL: Y7 B 5 [R50 W0 R AE Hid5 FH 2015 00 s 2500 R VPR VPG TEDs R4 Fa 4«
B RAEFE S I B IR FRRAS W], B SZ RV RO SV RN R 8 BUL IR RS A 1
5 FINE PR 223K R OB R 56

4.5. KFEMRHGE

R NAEAHE S ARG R T, U RT R, H#E30 tDCS M “HRiH” EW “AHE) 7, =
USSR AR LR 7S )«

1) BWIREANEIGERRGYT . R 2 S WA 4 5 A (W fMRI. HD-EEG/SEEG)#H T M4l
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