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Transcranial cranial direct current stimulation (tDCS) is a non-invasive brain stimulation technique
that consists of applying a weak current over the scalp to modulate cortical excitability by facili-
tating or inhibiting ongoing neuronal processes. tDCS is attracting much attention among re-
searchers and clinicians because it has a low risk and low cost, and it is simple to operate, being
portable. In this review, the authors provide a summary of developmental history, technical as-
pects and mechanism of action of tDCS and review the current literature regarding the use of
tDCS in psychiatry. Depression was the most extensively researched condition, followed by
schizophrenia, substance use disorders, and obsessive-compulsive disorder. Other topics ex-
plored were child and adolescent psychiatry. This review suggested that tDCS interventions
comprising multiple sessions can alleviate symptoms of several major psychiatric disorders, both
acutely and in the long-term and are well tolerated and safe for patients including child and ado-
lescent. Nevertheless, the number of publications regarding tDCS is low and randomized con-
trolled trials are very few. Evidence from large-scale, multi-center randomized controlled trials is
required to transition this technique from the laboratory to the clinic. In addition, tDCS parame-
ters such as electrode size, dosage, and location of electrode should be investigated.

KEY WORDS Psychiatry - Transcranial cranial direct current stimulation -
Non-invasive brain stimulation.
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Fig. 1. Schematized transcranial di-
rect current stimulation (tDCS). A
tDCS device uses an anode and
cathode connected to a direct current
source much like a 9 V battery (A).
The direct current passes through
the intervening tissue, with some
shunting through the skull but much
of it passes through the brain and
changes resting electrical charge,
particularly under the cathode (B).
Adapted from George, et al. Neuro-
psychopharmacology 2010;35:301-
316, with permission of APPI.®?



HAAZostaet AEIN XEX=EE 1 JW Kim and J Lee

Fig. 2. NeuroConn company’s DC-
STIMUKATOR Plus (left) and Mind
Alive company’s CESta (right). Re-
printed with permission from and
NeuroConn and Mild Alive. All rights
reserved.

Table 1. Adverse effects associated with transcranial direct cur-
rent stimulation

Adverse effects Active Sham
Itching 46 (39.3%) 27 (32.9%)
Tingling 26 (22.2%) 15 (18.3%)
Headache 17 (14.8%) 13 (16.2%)
Burning 10 (8.7%) 8 (10%)
Discomfort 12 (10.4%) 1 (13.4%)

Adapted from Tortella, et al. World J Psychiatry 2015;5:88-102,
with permission of Baishideng Publishing Group Inc.®

5age] 91go] A2 2

o2 o eick
(DCSE QI3 4G F 7P s} 58 HA48L
A3k wiE Ao ok vt diel ofs) A=Ee] et
UM Rahgolch Fu]o] $ARS UukoR Ao wa u
Al ARER ghlo] g ofof Tk oA S Faste]
of S|, FEI | AAPSE ALl Fulot AT
N -

=

t}? 20119 % Knotkova 5= )% 100‘:3‘
o
[e}

2] gkt ‘ﬂE%gi Eﬂl 42~7.9%°1W Xd% O}Fﬂ ] 7

! &L } o 1.1~2.5%14 YA A

%, L1%oA JJE— Do A 24, 0.2~23%11 4 1A

:.,0.5~o.6% oA & % F23F3ith. 20119 % Brunoni 5%

of oIt vehEA AGE AHEHA, AT (sham)S &
b vjuste] AR AT (active) S - AT 7=

A, 2ra, %A HH 55 o @Wol 348ty ot 4

ZFs A T“HUP 18 S0 BIER] FYTHGE 1), uf

_17'_

Z

S A ARAR L A S SO A A2
g2 79 glov] L3t il B AEYoleku 42t

wo] AT}, ulE =23 oFshl WASIA ot e At

ARloA 2] QP W ARGl BIAE BmA ge ol
7} SRR Solol el 059|839 % sfoleld
e 1 Oy, ok A0 2 AlEek BE0] (DCS
2 W, 413 IR R B A Bt
dsin A% THA e Te uEAY SO 34 sam
SAHGITE? SR B ATl A AT 7R uske} 3t
dl4o) B E sl A e g ek wo)
Zo] £lo} wH5olo] gepo] chopstz AUsIA F
3 DCS A= AAE] dalAE o e A7t Bas
Aefolct?)

=

it

il

AT AFRX=E&(DCS)el M85 &1t

A AN AFA=TsL 7198 9 1A)7]59] 3, &
F2AFYY P Z2 T Aoy e
& HH o0& AME7|E skl SAlE] g 8415 EolA
US54 9 e P T HH O AGET =
sicy, E5 AT doofA] Bl 2] 3 54 5
A2 AmSIAY &5 AR, T5 54Y 43k flstd
ANEE7]% 3tz 5 A4 1 28 J97F Wl AHA F43%
A g FAE Holal Qi
FQ 22X 0(Major depressive disorder)

0.9=0 iAol AAT} Agto g HYA SHEL 6~12%
of olan e AUz vHIAQl 7 A S Eeder]]
= ) A5k 79 2pae) 913lo] B $- zobA| i Agho|ch Y
tDCS9 $-&F A& AE ok A+t 200090 =7
B Akslo] A4 S7hela olek. 2 A75E DCsel 3
F=AIE Harskal gl oFE AR HA SHHA =

ARAGA 2NN N2 Bt ek s Z7}

www,jknpa.org 161



J Korean Neuropsychiatr Assoc I 2016;55(3):158-167

B e =50l obd WA e 417 1A Atk iy
& t‘a“ﬁ g2 %—Oﬂli ELM ‘E‘r" HE T gtk oo
=

e #5 ueE
A 92 (dorsolateral prefrontal cortex, ©]3} DLPFC)9]|
AAstal F52 95 vieS AR oA AA|sh= bi-
cephalic positiong AR&-5H Elth? A4S 919} o] Hlj A
Shz olfr2E A, S-&5olA iAo o S%
7h GojRA| AL, 9] 0] FA =T} A
metry theory7} Q)0 B2 o]& wA3}7] gk Al G z2Ho] 2
a3l o] 1 ZA0|ILY ERls 23 FAbollA] UEL
U= A8gstE 94 @out segdstd wdst 49 =
#+ES wAsH] Y= tDCSQ] top-down neuromodu-
latory effect’} ZR35}7] wj&o|ct* mpx|ufo 2 E t}2 H]
A FeA=F%E9 rTMSE AMA #5 DLPECE A3t
% DLPFCE 9Ash= WHo] &350 aab7t Sl
AR JASEG7] ot
©.9 Zapo] Jhole BER 3 (DCS ATEL
HuEa glov TFoA A5l ans HEst7] flbl
A= 29 v vl YAA S (randomized controlled cli-
nical trial, ©]3} RCT)S 7]HFo 2 3t welE A ALE 714k
A= 4= Qleh T T 7R e dE AT E,
Kalu 59| aA7tellal= AA A= w2 LZF—OI A=
= W= SRR & Sl s
1&gk ¥HE, Berlim 5772 & Hek 7ol 2] & ¥F-E(re-

9 o3} z].o]7} Sigickal B skt o]

}<58H = prefrontal asym-

- ol

ol

sponse rate)ofl+=

o= AY7tet Kalu 5792 —c’r% /e Haestst
SH=] ol RE =43 HHH | Berlim 572 #9) 32 A&
W&ol thet A5 ARESto] AFE XAkl 1 9o
L ofe] dtol A tDCSO -2 & Aol tiste] A
d BISS 5kl Ql=t, ole et B4, Al iRt
A it 4 A 9] tefgh o8 Qlel dAsk= 2 o=
Azkeet, 23 B o] SAE oA (multi-
phase) 9 7Z23=Z AtHEH Y [GAo A 1209 £&=
SRS DCS Al -4 5-8 o Fof| wet U] 714] 1F
o2 wjgste] AFE H3FAT} - sham tDCS/placebo($
©F) vs. sham tDCS/sertraline(2F=*| &) vs. active tDCS/
placebo(tDCS) vs. active tDCS/sertraline( &A| 7). L=
B 75 00U 402 UL 2 2l 2712 23
A& WolE), DCSTHE Ale BAES Skl wa)

o GO £-& FAO WA MY, PP RDE o2
=
=

BE S0 13| B} 2ekAlof
A fIAel vhgol glld 239 FAES o

active tDCSE A3} a1 & ZA4}o] 348 H et} 3tk
74]"“’\1 active tDCSOH HES 9 Eg& | FA= A

Jl
094
o
o1
o
Zi
rO
rﬁ
—LJ
[INJE
i
e
_L
2
o
N
N
Jl-)
o
lo
U
f

}_.75_4%4(Schizophren|a)

ZEHLE P FHE] 05~1.5%°) Esta 39| 7)%
S EATIE ATt 2 gl FAIAge|ch O 1 $-
A x7 Aol g Al k& (antipsychotic medication)
< AR5t 30%+= 3, 30%= F-E2Q1 vk 40%=
U oA gh=rhal Sk 7hA] oFR o WS B
o|R] g, A BARMY 2@ A1 Aol FEAMIS AL

Lo EAIT, o] ojA] 0% ARl 2 ¥Hg-E HolA| o
ok of7l 79 Az 4 9l Alo] 1 2 5olc}, ufet
A 2EHS giACR sl tDCSef| ek A= =2 oF =

A FJof| = E5tal FAfo] &R = x]ﬂ;ﬂtﬂ-/ﬂ =34 3}
x}oﬂ;ﬂ ZX‘]O] U]—Z';]xq Oh;]. o}.;{] -1 ﬂ_"l_gl_ 1ﬂ7}
Auk, 2T wERRA ArelA 2@ EAoA| (TMSE }

HZz3}

43t A9 A3} SA FAfo] A Ao U
%l tDCS94 7R 9A] 7S wb g Qi) 24

Aol A 71 gho] AREE AL Qe A= wi A
=& 4~ W92 A=Y 3 A (DLPFC), S38 A& 25w
A A3}Htemporo-parietal junction) %o Y2]|5F= A o]
t}. o]t A= Wi x|7F 2@ Q) S-S Atk oY
A A7H=0] Q)Tt. Brunelin 542 307 2] 415 diato =
e = WA 2 (ML A|sE AT} 9x}Zo] v]ate] 3

Aol oAl Hagal Eiks ML/ E A& Ao
Uepdet, 9] Ao}l e mg e =g 2185 Mondino 5
O] Ao M oFEo| WHgSHA] ot B o] AA| A=
HES SApE oA Aol vlsl F-olsHAl RHad Ao R
Efettt o] Qof® W2 Y Aol 2EYe F9t
24 FAL AR TE B0l ik Au|gls A2
HHlE 9] A] o= SRl 7 -9-0F 4174 7F/d (neuroplasticity)
T AE 34} (catechol-O-methyltransferase) ol &%
o)7L o= Aol tDCSE] J3H7t o Fiths A A=
BuE ek 2@y S o2 (DCSE 483 o

2 A u S A7) s}, oF e R DLPFC
of AR T FFE = Qkeke] GG |5t Al&st

o



= A ARAYY 2 Y HAT 48 S =S
bl B3k A7k AL Wi R AR o] gl
= A7ETE kY 1O Qom ¥ HAEGe| F=E &
& YA F¢ 1852 (catatonic) ST 54 T4
o] ZHE It AFAITL ALY & HEYA I
c—’ﬁ(V\fernicke’s area))| £, FTL = ololojof 2X|A|
71 745~ 10414 tDCS Al & 2Ho] f-ofshA At

gs} A Qi ?
A7HA] 2EHS o2 tDCS AR QHEA
Tl & o 72 717 53] ARgAlof] TS
L Ao ®uski 9ot KAy ZHolA

H-l =

‘“E - Jlx'
2L
oo ml oZ: o

4 2
b
o
N
H
= H
Y
pE
R
R
o{n
o
FN
e
91
+
o,
L
ok 1r

YN fob ot
U (o>

X

N

2 o
o oM
fr =

oA tDCSE AlYatgaL, ¥
ok AvE Bushy| = sFgckY sx|ut
A717E, WHEA QL ARG q}d obH A} Hare
AR ke s

_ﬁ
N
N

E& A2 Zoll(Substance use disorders)

A

St I o T4 5 T A=l oste] WA
= 7*%*(crav1ng) TS 5 Agke] A I BA
7k oA 30| Hrjete 54 Ei= P kEE]
= 1@% %_—3].: AT of] 0|21 0|5 o] A0 F o)A
WA ol S Agko] AdstA ot o] Hgh A S
LFuplo] £ Q3 93-S sh= ko] HAFS] 2 (central reward
system)©]| 2Jsf| WAYsl= Ao = °*i'4ﬁ
Ak AFY 949 715 = Ao A7
SR AAZICE” Jgug tDCS% 25e 245kl Exﬂ

==
=
o
L

ofr

)

56) ol E zx%g]._,—i

o
%
iy
o5 |
ol
2
3
LN
T P
o
o)
38
l.;]
e
_>i
N
ri
HJ
il
N
o)
U
=2
Lo

o ThA] 2 %*Jol gt W A= "ﬂ T%(protectlve ef-
13+t 20139 da Silva 579 At

- % &35 AEolAl 25 DLPFCO]

P AT AT, F 57 AnE YD A9 2%

fu
e iy
H
i
32
o

4
b
o
o
o
ru
G
i)

o ATELS AR Fregni 5
2 Yaigo] 3k tDCSY A& aiks A-Fskgirt. 249
S W R 4= AaS #5 52 95 DLPFCO|
= A AT vk, AR A= = F 7
of| Al Fol thet A S4to] EASH EolE= AR U
Epstl 1 9] Sdof et o2 tDCS Al A = A A=
S W2 AAE0) A S 52 AR Sol At
= A0 E Yt %Y F 139 9] 3719 55 SAES o
Ao & & DLPECO) & 52 tDCS Al -2 4% ¢
A=kl visl 370Y & Aol Hrert AAsHA B2 Ao
2 YEPEIL® o] % o] g tiARE B AH(E 36)
ol M= AA A=-Z vk A Lo Hagh 15Y ol LS

& 4 3= oz BuEQt® diufx(cannabis) 55
22f 257 q{’by—i gt Ao A= = DLPECO| ¥=

DLPFCe| &= A=& & 73
pialihey ﬂx}ﬁA npEj g Z4S olehA| Al
7l A2 & Yepgth® 1 9] w A e (methamphet-
amine)ol| T3t ‘E%LE A=, F 3089 S At
£ $Z DLPFCo| &= A=< 3 2Rt Alggsiar b &
5/do] -olaH 7“& L, Al oA eSS S
4 SAR viE Agshs Ao& YeRdth® ofz] <l

AY 9 makat 7h2 g 9FEo] 9lojAl= RCT OEHWP

[e)

BIEA] gForouk tDCS7E 281t B Aok B AR
v 2e stshs v FAg SOl deht= ZE”% ol
o= a3} & Ao gkl Uck

ZatEloi(Obsessive—compulsive disorder)
7ol o] Yglo® A== 7 F skt wE-A
A - A1 4-1] A 3] 2 (cortico-striato-thalamo—cortical cir-
cuitry) 9] 7]-sol/doltt, oo} THE | Joors By
&% 9 (supplementary motor area, ©]3} SMA), ZHcArw]
Zl (anterior cingulate cortex), DLPFC, ¢k} 3] (orbi-
tofrontal cortex, ©]s} OFC), 7] A3 (basal ganglia) 5°] X
]I QTS o] 3k A1 B sHA jlo] o A= QIS
T 7] W Fof A FZAA] 7FarRtof o] A Qo= DBSe} 2
T Rp=go] FDAOA axp2lel A mHoz <l
ot HAE FEAEE F TMSe o= J
T7F Eo] Q1= ¥, tDCS A2 = WA oot A9
AR, AI7] Tk 22 A-gHHo] ZeEo] oA gt #d
At 2, Mondino 52 A& 7Fa7gol
A= < 10414 A&t
I} 7F

I
2

o

]
%
2]

Sl

o 1:1>4’

B
=]
1=}

oX o
b

4o ra
wx olft

)

Jo = = OFCY| &3 A3

A
ZA4fo] ZrARTaL W st

iy ot i
il
w1

B

oN

, Narayanaswamy

www,jknpa.org 163



J Korean Neuropsychiatr Assoc I 2016;55(3):158-167

TV A5 SMAY 25 ASE S
m}fﬁﬂ} Awloles A

3 A2 7902 ) B o) ohsbasld

g2 2 AFS 2US Y Pl SHE ow |
ERteh’) gk Akl Balel A& DLPRCO o= A& 9
& o= Z44e) Wabt YA, pre-SMAC] S5 AL
F 79 7HrEAbo] 30% 74k A0 et 9jeh 2+
O ArAEL AulAtol SialEo| Ay TEE Q)
A2l 2+9] 4=3YA] pre-motor Z- motor G o] H]GAHZ]
o2 FgHysiele BT AZE 5 AUtk Sengo 5L

tDCSE AllE o] =2 pre-SMA9] Fi1,

8 T2 ol At
220 QIR AIZIERE 27130 2 ARER

e 4RA

GEFE 02 4 9w, ol 2 W Gt 523k J7i
g EHE F 4 9lon o= QI8 Byl SHHE

20t - HAHolMe] AL

QLo Aehe vk o] AAFSSE AA 2= ol
Ao R S0l Wk Aof - Aadr]el e 4
Ak AR i 7|3bo] AL, 754 E4do] A A=
el B & & # AL LR ofof tigt 23t
o] dasieh” of - F2EdE ¥ o] A7k (neuro-

plasticity)o] 7Fg 2 Al 7] 1=
73 2 (neuromodulation) A&
HstaL ek Aol Etetal A

22 (DCSe rTMSS 22 4l
7t W A Aoz 7|
1A AAfol| A o] ARg-zt

AtATE2 AdRlel vlal Hol FE5ah, tF2o] AR K
I S AEETE ol A Qo] whAQl A utH o]
2 Q3 A o]l:]—

QX 2| AHEY Aol (autism spectrum disorder, ©]3}

ASD)|| tjjst ?‘i—?% A B, Schneider?t Hopp””& ASD
S o2 Y A+E sk, B2t 49
(Broca’s area)oll = A& 3 & AlgeldlS of <o
F50| FoM= Z 22 YERydt o]% ASDefl tDCSE 28
gt olF WA, YA A7F HarE| o=, AR A=
o = Ba50) o}E7] zju| % BAZE(Childhood Autism
Rating Scale)@} A}#|5 H7} AEA](Autism Treatment Eval-
uation Checklists)2] H47F THE= Aoz Yepgoh™
ots7] 28Y =S A= RCT A7} 8t KLk
=t AADCSE IRh S0 23S FoJ8kA] o2 A
© & Uepth o] AERtolRte] 471 127 o2 FA A
Ao ] Ho|7|ol= BEslth= Ho] 5a%t o] -2 AAIH
g/ 2 WAdell J*OHHL Aol gls AR B
3?"1‘:}79) Ao} - FAad AAIAS F 7P Estal tf3EF]

T

s

] &9

164

Folg A #9853l (attention—deficit/hyperactivi-

ty disorder, 0]3} ADHD)= 243} A& vhutsl= A9l
A)71%62] 4+ 3-8 715504 cognitive impairment)©| g
o] YRle g Y7te]7] ufjito] o] & AIAAE 4= 3= tDCS
o] &8 74l © 7=l Aot} shA|NE Aof - A
Avs o oF A= §l9laL, HT 4]l ADHD 24}
£ o= 3 RCT -7} shf Ear % Qlch. #45 DLPFC
of &= A= 20827 g A4 AldEkaL AJd) HE9] oA
29 (inhibitory control)= H7l5l= AFA+=d], A &b
= W2 AR R TS w2 A9 A7 A
£ 3R &2 Aoz Yepgth® six|uk o] Ao A=
‘31312‘:‘1, o gt 22| A=k ek
faonz ADHDeof tigh tDCSe] &3} o5
1% —’?—7} A7E Hagk Aejolrh 1 &f &
250 tDCSE AHE3H At oF4] HalE|A]

g By

- AadE Al vl FEAS
HEgste] o £ A9E 71U 4 A,
] IV e T RPN
Jade o] AAsRelA
S0 7o EnE 2o ARS AgsttetE AR o
SAtt. Moliadze 51 2J8t 4xof - 3
oA 0.5 mAS] &= AFE ARSIS o X a4 o] &4
e ¥, 1 mAS MRS *Pﬂﬁﬂi = HAHe2
(corticospinal)®] EAJo] GE &9l o= Aolat= o2 4
il shgih 1 EE Al Sl W tDCS AME- L2 &
22 9] AFSEI Q= 05~20 mA, o 208 AREA] <t
ML A AolTfek Y-S 4ol - ool 28477
= ol2l& Aol B AToIAE tpE MolH 54
Qalol et o AFG ol ZER ahi AHET A2
o e =2 A < U= o ) £ D B e g B S AR e B el
b4 Et= ofd A AFEE AR et 8o g
SJofof 3 Aolck,

o) » gl
l"_u.,

Q_O
_|E

g £

AF7HA] AT Gl B ARAEES] 28 7Fs

< Gobi7] 9I5tef tDCS] AL, 28714, Al&7dn| <]
T 3, AT AR Al el A o AR HL A
= Aol g A A S A EgITh 3| ARE DCS
 SHEAY A 5 4 A RmolA Y £-84 SOz <
A AAH o= FE5g wol Wt 9la, st o] A
Ao Wi s ek 7174 B4 f19dol WaL, Aol

e

i



AL ostutet ASIH XEX=EE 1JW Kim and J Lee

)
L
_O|L
_e
ot
=
et
Sls
30
o
rlr
o
ox
o
N
R
=1

o,
2

¥ o
oN

ol ot K
0z

fu

i
ne
o r
Yy
4>
%0,
=
i r
by
=)
o
2
ox
2
X
ok
=2
M O @ i > g o

il
ol
E
lo
i
N
u)

Irt
f Jus
)
30
il
oh
D)
=

<

f
2
rr o o o ¥

I IS)
£
lnﬁﬂo

T

ﬁ:

ol
>
x0.
rr
40w
2
pu(e]
=)
ox
o
ofy

o

Y

Mo ok
-

I el

ol

o N
(r 4o
o

—lO =
o oX
=2 &

i
o
=
e
)
Mo d
10
il
N
f
o
N
i
T
1o rlo 4>
Hd
N
N
o E2
T o

fr >
(I

2
fu
>
FO
ol
N
rir
2
v
Mo
ox
Hu)
-0,
2
N

dgorlyon

)
2
o op

do &t

7}94A}£—(off—1abe1 use) O] AL A+

N
=
-z

N o mle mY A

2]

] St e, AR, ol 27
Bl ol QU 231 5ok 40 L
ofth, F7IE AN B8-S
2l Heto] A asirt o5 5o
=9 1A, A 1t4 4 3l
Al Foll thgt 71ze] = ?l
Aoz 7|tk

B4 Bof : gAazelsh}

FuR e,

;r‘.:
ofr
o
N
4o
%
_>|:
rlr
05’3
rku s

Conflicts of Interest
The authors have no financial conflicts of interest.

REFERENCES

1) Pascual-Leone A, Wagner T. A brief summary of the history of non-
invasive brain stimulation. Annu Rev Biomed Eng 2007;9:527-565.

2) Barker AT, Jalinous R, Freeston IL. Non-invasive magnetic stimula-
tion of human motor cortex. Lancet 1985;1:1106-1107.

3) Priori A, Berardelli A, Rona S, Accornero N, Manfredi M. Polariza-
tion of the human motor cortex through the scalp. Neuroreport 1998;
9:2257-2260.

4) Aleman A. Use of repetitive transcranial magnetic stimulation for
treatment in psychiatry. Clin Psychopharmacol Neurosci 2013;11:53-
59.

5) Kekic M, Boysen E, Campbell IC, Schmidt U. A systematic review
of the clinical efficacy of transcranial direct current stimulation
(tDCS) in psychiatric disorders. J Psychiatr Res 2016;74:70-86.

6) Jo JM, Kim YH, Ko MH, Ohn SH, Joen B, Lee KH. Enhancing the
working memory of stroke patients using tDCS. Am J Phys Med Re-
habil 2009;88:404-409.

7) Nitsche MA, Grundey J, Liebetanz D, Lang N, Tergau F, Paulus W.
Catecholaminergic consolidation of motor cortical neuroplasticity in
humans. Cereb Cortex 2004;14:1240-1245.

8) Paulus W. Transcranial electrical stimulation (tES - tDCS; tRNS,
tACS) methods. Neuropsychol Rehabil 2011;21:602-617.

9) Bikson M, Inoue M, Akiyama H, Deans JK, Fox JE, Miyakawa H, et
al. Effects of uniform extracellular DC electric fields on excitability
in rat hippocampal slices in vitro. J Physiol 2004;557(Pt 1):175-190.

10) Nitsche MA, Boggio PS, Fregni F, Pascual-Leone A. Treatment of
depression with transcranial direct current stimulation (tDCS): a re-

view. Exp Neurol 2009;219:14-19.

11) Kuo HI, Bikson M, Datta A, Minhas P, Paulus W, Kuo MF, et al.
Comparing cortical plasticity induced by conventional and high-defi-
nition 4 X 1 ring tDCS: a neurophysiological study. Brain Stimul
2013;6:644-648.

12) Stagg CJ, Nitsche MA. Physiological basis of transcranial direct cur-
rent stimulation. Neuroscientist 2011;17:37-53.

13) Shahid S, Wen P, Ahfock T. Numerical investigation of white matter
anisotropic conductivity in defining current distribution under tDCS.
Comput Methods Programs Biomed 2013;109:48-64.

4) Zaghi S, Acar M, Hultgren B, Boggio PS, Fregni F. Noninvasive brain
stimulation with low-intensity electrical currents: putative mechanisms
of action for direct and alternating current stimulation. Neuroscientist
2010;16:285-307.

15) Ferrucci R, Priori A. Transcranial cerebellar direct current stimulation
(tcDCS): motor control, cognition, learning and emotions. Neuroim-
age 2014;85 Pt 3:918-923.

16) Antal A, Paulus W. Transcranial direct current stimulation and visual
perception. Perception 2008;37:367-374.

17) Oliveira JF, Zanao TA, Valiengo L, Lotufo PA, Bensefior IM, Fregni
F, et al. Acute working memory improvement after tDCS in antidepres-
sant-free patients with major depressive disorder. Neurosci Lett 2013;
537:60-64.

18) Tedesco Triccas L, Burridge JH, Hughes AM, Pickering RM, Desikan
M, Rothwell JC, et al. Multiple sessions of transcranial direct current
stimulation and upper extremity rehabilitation in stroke: a review and
meta-analysis. Clin Neurophysiol 2016;127:946-955.

19) Boggio PS, Nunes A, Rigonatti SP, Nitsche MA, Pascual-Leone A,
Fregni F. Repeated sessions of noninvasive brain DC stimulation is
associated with motor function improvement in stroke patients. Re-
stor Neurol Neurosci 2007;25:123-129.

20) Liebetanz D, Nitsche MA, Tergau F, Paulus W. Pharmacological ap-
proach to the mechanisms of transcranial DC-stimulation-induced af-
ter-effects of human motor cortex excitability. Brain 2002;125(Pt 10):
2238-2247.

21) Wagner T, Valero-Cabre A, Pascual-Leone A. Noninvasive human
brain stimulation. Annu Rev Biomed Eng 2007;9:527-565.

22) Brunoni AR, Nitsche MA, Bolognini N, Bikson M, Wagner T, Mera-
bet L, et al. Clinical research with transcranial direct current stimula-
tion (tDCS): challenges and future directions. Brain Stimul 2012;5:
175-195.

23) Kim DY, Park CI, Jung KJ, Ohn SH, Park KD, Park JB, et al. Im-
provement of chronic post-stroke hemiparetic upper limb function af-
ter 2 week trascranial direct current stimulation. J Korean Acad Reha-
bil Med 2009;33:5-11.

24) Bikson M, Datta A, Elwassif M. Establishing safety limits for tran-
scranial direct current stimulation. Clin Neurophysiol 2009;120:
1033-1034.

25) Knotkova H, Nafissi A, Leuschner Z, Das D, Dhokal I, Cruciani R.
Safety of the transcranial direct current stimulation (tDCS): evalua-
tion of 815 tDCS sessions in 100 chronic-pain patients. J Pain 2011;
12:P54.

26) Brunoni AR, Amadera J, Berbel B, Volz MS, Rizzerio BG, Fregni F.
A systematic review on reporting and assessment of adverse effects
associated with transcranial direct current stimulation. Int J Neuro-
psychopharmacol 2011;14:1133-1145.

27) Vicario CM, Nitsche MA. Non-invasive brain stimulation for the
treatment of brain diseases in childhood and adolescence: state of the
art, current limits and future challenges. Front Syst Neurosci 2013;
7:94.

28) Andrade C. Transcranial direct current stimulation for refractory au-
ditory hallucinations in schizophrenia. J Clin Psychiatry 2013;74:
e1054-¢1058.

29) Kessler SK, Minhas P, Woods AJ, Rosen A, Gorman C, Bikson M.
Dosage considerations for transcranial direct current stimulation in

www,jknpa.org 165



J Korean Neuropsychiatr Assoc I 2016;55(3):158-167

children: a computational modeling study. PLoS One 2013;8:¢76112.

30) Kessler RC, Birnbaum H, Bromet E, Hwang I, Sampson N, Shahly V.
Age differences in major depression: results from the National Co-
morbidity Survey Replication (NCS-R). Psychol Med 2010;40:225-
237.

31) Palm U, Schiller C, Fintescu Z, Obermeier M, Keeser D, Reisinger E,
et al. Transcranial direct current stimulation in treatment resistant de-
pression: a randomized double-blind, placebo-controlled study. Brain
Stimul 2012;5:242-251.

32) Bueno VF, Brunoni AR, Boggio PS, Bensenor IM, Fregni F. Mood
and cognitive effects of transcranial direct current stimulation in post-
stroke depression. Neurocase 2011;17:318-322.

33) Grimm S, Beck J, Schuepbach D, Hell D, Boesiger P, Bermpohl F, et
al. Imbalance between left and right dorsolateral prefrontal cortex in
major depression is linked to negative emotional judgment: an fMRI
study in severe major depressive disorder. Biol Psychiatry 2008;63:
369-376.

34) Northoff G, Wiebking C, Feinberg T, Panksepp J. The ‘resting-state
hypothesis’ of major depressive disorder-a translational subcortical-
cortical framework for a system disorder. Neurosci Biobehav Rev
2011;35:1929-1945.

35) Schutter DJ. Antidepressant efficacy of high-frequency transcranial
magnetic stimulation over the left dorsolateral prefrontal cortex in
double-blind sham-controlled designs: a meta-analysis. Psychol Med
2009;39:65-75.

36) Kalu UG, Sexton CE, Loo CK, Ebmeier KP. Transcranial direct cur-
rent stimulation in the treatment of major depression: a meta-analy-
sis. Psychol Med 2012;42:1791-1800.

37) Berlim MT, Van den Eynde F, Daskalakis ZJ. Clinical utility of tran-
scranial direct current stimulation (tDCS) for treating major depres-
sion: a systematic review and meta-analysis of randomized, double-
blind and sham-controlled trials. J Psychiatr Res 2013;47:1-7.

38) Brunoni AR, Valiengo L, Baccaro A, Zando TA, de Oliveira JF, Gou-
lart A, et al. The sertraline vs. electrical current therapy for treating
depression clinical study: results from a factorial, randomized, con-
trolled trial. JAMA Psychiatry 2013;70:383-391.

39) Valiengo L, Bensefior IM, Goulart AC, de Oliveira JF, Zanao TA,
Boggio PS, et al. The sertraline versus electrical current therapy for
treating depression clinical study (select-TDCS): results of the cross-
over and follow-up phases. Depress Anxiety 2013;30:646-653.

40) McGrath J, Saha S, Chant D, Welham J. Schizophrenia: a concise
overview of incidence, prevalence, and mortality. Epidemiol Rev
2008;30:67-76.

41) Leucht S, Cipriani A, Spineli L, Mavridis D, Orey D, Richter F, et al.
Comparative efficacy and tolerability of 15 antipsychotic drugs in
schizophrenia: a multiple-treatments meta-analysis. Lancet 2013;382:
951-962.

42) Shi C, Yu X, Cheung EF, Shum DH, Chan RC. Revisiting the thera-
peutic effect of rTMS on negative symptoms in schizophrenia: a meta-
analysis. Psychiatry Res 2014;215:505-513.

43) Slotema CW, Blom JD, van Lutterveld R, Hoek HW, Sommer IE.
Review of the efficacy of transcranial magnetic stimulation for audi-
tory verbal hallucinations. Biol Psychiatry 2014;76:101-110.

44) Brunelin J, Mondino M, Gassab L, Haesebaert F, Gaha L, Suaud-
Chagny MF, et al. Examining transcranial direct-current stimulation
(tDCS) as a treatment for hallucinations in schizophrenia. Am J Psy-
chiatry 2012;169:719-724.

45) Mondino M, Haesebaert F, Poulet E, Suaud-Chagny MF, Brunelin J.
Fronto-temporal transcranial direct current stimulation (tDCS) re-
duces source-monitoring deficits and auditory hallucinations in pa-
tients with schizophrenia. Schizophr Res 2015;161:515-516.

46) Bose A, Shivakumar V, Narayanaswamy JC, Nawani H, Subramani-
am A, Agarwal SM, et al. Insight facilitation with add-on tDCS in
schizophrenia. Schizophr Res 2014;156:63-65.

47) Brunelin J, Hasan A, Haesebaert F, Nitsche MA, Poulet E. Nicotine

166

smoking prevents the effects of frontotemporal transcranial direct
current stimulation (tDCS) in hallucinating patients with schizophre-
nia. Brain Stimul 2015;8:1225-1227.

48) Shivakumar V, Chhabra H, Subbanna M, Agarwal SM, Bose A, Kal-
mady SV, et al. Effect of tDCS on auditory hallucinations in schizo-
phrenia: Influence of catechol-O-methyltransferase (COMT) Val-
158Met polymorphism. Asian J Psychiatr 2015;16:75-77.

49) Palm U, Keeser D, Blautzik J, Pogarell O, Ertl-Wagner B, Kupka
MIJ, et al. Prefrontal transcranial direct current stimulation (tDCS)
changes negative symptoms and functional connectivity MRI (fcMRI)
in a single case of treatment-resistant schizophrenia. Schizophr Res
2013;150:583-585.

50) Smith RC, Boules S, Mattiuz S, Youssef M, Tobe RH, Sershen H, et
al. Effects of transcranial direct current stimulation (tDCS) on cogni-
tion, symptoms, and smoking in schizophrenia: a randomized con-
trolled study. Schizophr Res 2015;168:260-266.

51) Shiozawa P, da Silva ME, Cordeiro Q, Fregni F, Brunoni AR. Tran-
scranial direct current stimulation (tDCS) for catatonic schizophre-
nia: a case study. Schizophr Res 2013;146:374-375.

52) Homan P, Kindler J, Federspiel A, Flury R, Hubl D, Hauf M, et al.
Muting the voice: a case of arterial spin labeling-monitored transcra-
nial direct current stimulation treatment of auditory verbal hallucina-
tions. Am J Psychiatry 2011;168:853-854.

53) Agarwal SM, Shivakumar V, Bose A, Subramaniam A, Nawani H,
Chhabra H, et al. Transcranial direct current stimulation in schizo-
phrenia. Clin Psychopharmacol Neurosci 2013;11:118-125.

54) Poreisz C, Boros K, Antal A, Paulus W. Safety aspects of transcranial
direct current stimulation concerning healthy subjects and patients.
Brain Res Bull 2007;72:208-214.

55) Shenoy S, Bose A, Chhabra H, Dinakaran D, Agarwal SM, Shivaku-
mar V, et al. Transcranial direct current stimulation (tDCS) for audi-
tory verbal hallucinations in schizophrenia during pregnancy: a case
report. Brain Stimul 2015;8:163-164.

56) Kalivas PW, O’Brien C. Drug addiction as a pathology of staged
neuroplasticity. Neuropsychopharmacology 2008;33:166-180.

57) Engelmann JM, Versace F, Robinson JD, Minnix JA, Lam CY, Cui Y,
et al. Neural substrates of smoking cue reactivity: a meta-analysis of
fMRI studies. Neuroimage 2012;60:252-262.

58) Boggio PS, Sultani N, Fecteau S, Merabet L, Mecca T, Pascual-Le-
one A, et al. Prefrontal cortex modulation using transcranial DC
stimulation reduces alcohol craving: a double-blind, sham-controlled
study. Drug Alcohol Depend 2008;92:55-60.

59) da Silva MC, Conti CL, Klauss J, Alves LG, do Nascimento Caval-
cante HM, Fregni F, et al. Behavioral effects of transcranial direct cur-
rent stimulation (tDCS) induced dorsolateral prefrontal cortex plastici-
ty in alcohol dependence. J Physiol Paris 2013;107:493-502.

60) Klauss J, Penido Pinheiro LC, Silva Merlo BL, de Almeida Correia
Santos G, Fregni F, Nitsche MA, et al. A randomized controlled trial of
targeted prefrontal cortex modulation with tDCS in patients with alco-
hol dependence. Int J Neuropsychopharmacol 2014;17:1793-1803.

61) Fregni F, Liguori P, Fecteau S, Nitsche MA, Pascual-Leone A, Bog-
gio PS. Cortical stimulation of the prefrontal cortex with transcranial
direct current stimulation reduces cue-provoked smoking craving: a
randomized, sham-controlled study. J Clin Psychiatry 2008;69:32-40.

62) Boggio PS, Liguori P, Sultani N, Rezende L, Fecteau S, Fregni F. Cu-
mulative priming effects of cortical stimulation on smoking cue-in-
duced craving. Neurosci Lett 2009;463:82-86.

63) Fecteau S, Agosta S, Hone-Blanchet A, Fregni F, Boggio P, Ciraulo D,
et al. Modulation of smoking and decision-making behaviors with
transcranial direct current stimulation in tobacco smokers: a prelimi-
nary study. Drug Alcohol Depend 2014;140:78-84.

64) Conti CL, Moscon JA, Fregni F, Nitsche MA, Nakamura-Palacios
EM. Cognitive related electrophysiological changes induced by non-
invasive cortical electrical stimulation in crack-cocaine addiction. Int
J Neuropsychopharmacol 2014;17:1465-1475.



Hulrzolstutel A% XEX=E 1 JW Kim and J Lee

65) Batista EK, Klauss J, Fregni F, Nitsche MA, Nakamura-Palacios
EM. A randomized placebo-controlled trial of targeted prefrontal
cortex modulation with bilateral tDCS in patients with crack-cocaine
dependence. Int J Neuropsychopharmacol 2015 Jun 10 [Epub].
http://dx.doi.org/10.1093/ijnp/pyv066.

66) Boggio PS, Zaghi S, Villani AB, Fecteau S, Pascual-Leone A, Fregni
F. Modulation of risk-taking in marijuana users by transcranial direct
current stimulation (tDCS) of the dorsolateral prefrontal cortex
(DLPFC). Drug Alcohol Depend 2010;112:220-225.

67) Shahbabaie A, Golesorkhi M, Zamanian B, Ebrahimpoor M, Kesh-
vari F, Nejati V, et al. State dependent effect of transcranial direct cur-
rent stimulation (tDCS) on methamphetamine craving. Int J Neuro-
psychopharmacol 2014;17:1591-1598.

68) Milad MR, Rauch SL. Obsessive-compulsive disorder: beyond seg-
regated cortico-striatal pathways. Trends Cogn Sci 2012;16:43-51.

69) Mondino M, Haesebaert F, Poulet E, Saoud M, Brunelin J. Efficacy
of cathodal transcranial direct current stimulation over the left orbito-
frontal cortex in a patient with treatment-resistant obsessive-compul-
sive disorder. J ECT 2015;31:271-272.

70) Narayanaswamy JC, Jose D, Chhabra H, Agarwal SM, Shrinivasa B,
Hegde A, et al. Successful application of add-on transcranial direct
current stimulation (tDCS) for teatment of SSRI resistant OCD. Brain
Stimul 2015;8:655-657.

71) D’Urso G, Brunoni AR, Anastasia A, Micillo M, de Bartolomeis A,
Mantovani A. Polarity-dependent effects of transcranial direct cur-
rent stimulation in obsessive-compulsive disorder. Neurocase 2016;
22:60-64.

72) Das S, Holland P, Schonewille M, de Zeecuw C, Frens MA, Donchin
O. Polarity-dependent effects of trans-cranial direct current stimula-
tion (tDCS) in cerebellar learning depends on the state of neuronal
network. Brain Stimul 2014;7:e3.

73) de Wit SJ, de Vries FE, van der Werf YD, Cath DC, Heslenfeld DJ,
Veltman EM, et al. Presupplementary motor area hyperactivity dur-
ing response inhibition: a candidate endophenotype of obsessive-
compulsive disorder. Am J Psychiatry 2012;169:1100-1108.

74) Sengo NM, Huang Y, D’Urso G, Parra LC, Bikson M, Mantovani A,

et al. Transcranial direct current stimulation in obsessive-compulsive
disorder: emerging clinical evidence and considerations for optimal
montage of electrodes. Expert Rev Med Devices 2015;12:381-391.

75) Patel V, Flisher AJ, Hetrick S, McGorry P. Mental health of young
people: a global public-health challenge. Lancet 2007;369:1302-1313.

76) Rubio-Morell B, Rotenberg A, Hernandez-Exposito S, Pascual-Leone
A. [The use of noninvasive brain stimulation in childhood psychiatric
disorders: new diagnostic and therapeutic opportunities and challeng-
es]. Rev Neurol 2011;53:209-225.

77) Schneider HD, Hopp JP. The use of the Bilingual Aphasia Test for as-
sessment and transcranial direct current stimulation to modulate lan-
guage acquisition in minimally verbal children with autism. Clin Lin-
guist Phon 2011;25:640-654.

78) Amatachaya A, Auvichayapat N, Patjanasoontorn N, Suphakunpinyo
C, Ngernyam N, Aree-Uea B, et al. Effect of anodal transcranial di-
rect current stimulation on autism: a randomized double-blind cross-
over trial. Behav Neurol 2014;2014:173073.

79) Mattai A, Miller R, Weisinger B, Greenstein D, Bakalar J, Tossell J, et
al. Tolerability of transcranial direct current stimulation in childhood-
onset schizophrenia. Brain Stimul 2011;4:275-280.

80) Cosmo C, Baptista AF, de Aratjo AN, do Rosario RS, Miranda JG,
Montoya P, et al. A randomized, double-blind, sham-controlled trial of
transcranial direct current stimulation in attention-deficit/hyperactivity
disorder. PLoS One 2015;10:¢0135371.

81) Moliadze V, Schmanke T, Andreas S, Lyzhko E, Freitag CM, Siniatch-
kin M. Stimulation intensities of transcranial direct current stimulation
have to be adjusted in children and adolescents. Clin Neurophysiol
2015;126:1392-1399.

82) George MS, Aston-Jones G. Noninvasive techniques for probing neu-
rocircuitry and treating illness: vagus nerve stimulation (VNS), tran-
scranial magnetic stimulation (TMS) and transcranial direct current
stimulation (tDCS). Neuropsychopharmacology 2010;35:301-316.

83) Tortella G, Casati R, Aparicio LV, Mantovani A, Sengo N, D’Urso G,
et al. Transcranial direct current stimulation in psychiatric disorders.
World J Psychiatry 2015;5:88-102.

www,jknpa.org 167



