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Transcranial Direct Current Stimulation-Psychiatric Application and

Its Current Status
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Transcranial direct current stimulation (TDCS) is a clinically safe and effective method of delivering weak electric current to modulate
cortical activities. And based on the cumulating scientific evidences, the method is recommended to treat major depressive disorder
(MDD) and other psychiatric disorders. In this paper, we review the development of TDCS in the rising field of neuromodulation. Then
with suggested biochemical and physical mechanism of TDCS, we summarize the reported cases of using TDCS to alleviate major neu-
ropsychiatric disorders. And, in particular, the treatment of MDD is highlighted as an illustrative example of using TDCS. We discuss
here the therapeutic potentials of this method in psychiatry. And in closing remarks, we evaluate the current technical limitations and
suggest the future directions of this method in both the clinical and research aspects.
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F GHARJI Algfsr whg= A7 2 A< (neuromodula-
tion)

2l A5 A dshe 52 Gnva-
sive) ®AT GRS whz AFYSHA] AL QIA QFLoll A A=
= T Y354 (non-invasive) A2 L oZIn: &

B4 2 (essential tremor)oy Z1&M (Parkinson's dis-
ease) TAE AFO 2 HA A7) A=(electric stimula-
tion) & AFESH= LA ERFT <4 (deep brain stimulation, ©]
3} DBS), A% (magnetic field)2 ©|-83}= H|-354 7
=7 A7) A=< (transcranial magnetic stimulation, |3}
TMS), ZZT}Hultrasound) & ©1-83t 7|54 41743t =&
(functional neurosurgery)d} A% &< & tpdo| 2bds) 1t

7}_3 (})J]\ 1—’]_‘2—5)

o

Al Foo| = HEH O R o= 8% (pharmacothera-
py)3} AL 8% (psychotherapy)& 52 ©]-&5FAc” 2 TMS
U #1717 28 (electroconvulsive therapy, 5} ECT)= 0|
|5fo] 7| o= A5l ol o= AR EAE
o 2 sl x| i) theFsx|al Qiok £3), HAlah A=
of gk AgHdol U= TR oFF A|Rof| Feto] 2 oAb
B g7 1 giare] Helw SiElo] 7iar ek o)
A= 20168 72082 &5 RE T X 59 A
A} | EF Sk e A58 571 A2 Qo] o]Fo]
Aar glom, ghe TFoA A HA A el 28l
A A5l A5F A=(transcranial direct current stimulation,
oJ5} TDCS) Ah-g-©] &=} 7= FoIthINCT02320 890,
NCT02657980). 3 AF =7Foll4= CE Q155 S %
=

=%, HES, T UF S 24U Lol 0 A5
C":}

Copyright © 2017 Korean Society of Biological Psychiatry 175



Korean J Biol Psychiatry 1 2017;24(4):175-187

AE oA 2Es] ARgE|ojA|al ik

TDCSE= 9% Feje] %F=H(anodal electrode)¥} S=(cath-
odal electrode)= Fujof F2lslal, H-EAH o2 AT
A (electric current) S EE2A| 5fo], k] o) L F=
] Z}=H(brain stimulation) HHolch? E F M4 TDCS
7ol Higt eziet Ade o8k, TDCS 71e< 26
et ti3EAQl HAlak Aghol thgt 27|19 AFAxtet A
= 9 N4 ol thef} ohs Harx} g

TDCS9] 2]

TDCS+= TMSS} o] Bl-H54 714 Waeoll &89, 4
gjd o 2 Ajgo] Zhsi” Fujo 75 7kt SH
of| A= BECTe} vlad = 9=t Atz o2 ¢bdsty He
Sloha & 4= ok TDCSQ] YRk#el Hg4e Aass
241 20~30 cm® 27]9] 232 G| 2|5 AREB}e, 5~30
B 50F fj=2F 0.5~20 mA2] oFgt AR #7] A=-& 7t
Fajel Zo ofg] YA 2AEQ 2 AP R Qlste], AA|
2 v wjhof| A= ARE ofF Wk

Fujo] A 7}sA= 0.077~0.200 mA/cm’e] AFUE
(current density)+= A== F9lof] YR8t & 2] o
AFUEE 0081~0.141 mA/em’ $FC 7 EojZTh= A8
dold Axpt BEQiet” o] H= Heloll A= i mjojA
SRS 9 07) Uit 1429 mA/em’HTE FR o 4203

o} S 0 & X Buzsaki 1E2] AR (cadaver study)
of W2, HLE= A7 0%t TF-E FolA WALt
o Aol 583 =EshA] fthe 23S AAFeH,
Ao} Q= IAlolli= A79] 4= @A (shunting effect)o] ©
Z A0 7 Hokth Z& AR A5 eAlet aresA] ek &
734 QRlof| o3k 7hE/do] Jlem g Ak Q= 7T Ado]
Q3L of71M AAfelE AL ) AFFe] melaal Al 9
Alof| 2H-8-8= =24 Y Afol7t Y& AHA 02 Hoj
T FloH, AAFo A2l TDCS &-8-3} & E52] ¥stsE o
oIt thoket Auts E3t QojAE= oF & Zloch

H|S TDCS7} th& A7 2840l vig]| QPdsittar $hA A
SR, B2go] ME gl ek o 209%2] TDCS
AT =ws T 17284 7F = (tching), THA=&(tin-
gling), % (headache), =H ¢ (discomfort), @7 (burning
sensation) ¥} 22 7H7F4] FLgo] B E|gl o AA| A=
ko it b AT R o 7he] f-olulgt zfol= Hol
Z] QYR BRAE 13178 AR &= 3 it o]
A AA A5 ErE 399 18%7t TAEe-E, 68%7)

176

7Veeg, 54%7F BE, 25%7F TS AL, ol 7
2 H} fojulsh| | BarEick” TDCSE
T Fo]| 21 A71E 7Fel7] witel R ¥igtE & 4=
gt A FEolv 225 9 &5 At
A& £ 25 A e 49r RaEgint” 63
TDCS At =52 15789 tdAtelAl 215280 w5 ¥4
(persistent skin lesion)o] dojykom, o]9] 6H =HE0] §
HO] H 23 (hypomania)Zt 3] 25 (mania)e] Lottt
3 Haskglel Egh Aukel oA At Solle Y=A] o
Q1A W3] At SR dglom, oleqt RARE AldlE
TDCS®} e A= Eapglon, f1eide] EAjste A
Aol AETto) ofgt W] W Algo] Basieh™ o]o
Al Aghol| tigk 417 atst olalel TDCSE| A&7 2H8- ¢
2lof] gt oali7}F oS AskA FHE|ojof sh, 28 Ao
= A& H wS3 RS 2= Flo] Fasith
AR dEF 7P 83 TDCSS] 28 Yl 7t
El 5ol ofsl WAYE 7] A=l oA, A 220 A
$] HEF oA AAAEES] FAH 9 (resting potential) ]|
n|Aet JFE A Ho? o] =2 Qe A E O] APk v
Z&(spontaneous discharge rate)S HIM|7|= Aoz &
#A 9lck” TDCS2 %= AF(anodal stimulation)2 7}l
a2l FAHYE FA] M (action potential)oll 71|
o2 AA2ES =Tt STk Ao R dEA Sl
o} Hh & &= Z}=t(cathodal stimulation)= 7}5Hd, o]
o] FAKLA7E 2] AQREE HolAug2 Yuro g
21740 FYETL A== Ao = AR, 7]2A o=
o] 7}Au} UX|sH= AEL HoJFIeE™
TDCSE N-methyl-D-aspartic acid(©]d} NMDA)S &
A o] BAsto]l FIFS F= Ao AYA ULk o)
3 TDCS®] FaF2 ofg] Al7E F<F A1E5E AT NMDA -8
A2l A3A|(antagonist)?] dextromethorphane] 2JsfA] & o
912 SEEE Ao g gufA Yok =3 TDCSE AlWa A
(synaptic transmission)?t AW 7k (synaptic plas-
ticity)oll 2 9&-& 3= NMDA 58412} 3|, Al 4
(synaptic formation)ol] 5-83t HHe al= L4 o] 2(Ca’)
S} -G 41735 U 1R Hbrain—derived neurotrophic fac-
tor, ©|3F BDNF)2| 5312} Wdef] 294 JFS 11, =
& 248 A B2 A9 A3 13 Rk g
© 2 AL Aol mAlE(microtubule)o] F83F HeH-S
sl Ao geA 9low* TDCS o] oJalA]l AlYA
o] S wh= A EgE dERl ARdolc) ZHEAE &
St Ap=9] 5 7R v|Al 3%l (resonant vibration) &
Jo EAsl=d],) o] 7ML nA T B 2o AlHA FA
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o gt 7pHAdel Fagt A
ﬂJr 7‘% Aol ‘213}33) olo] wha}
] /\Plﬂ =5
U 7}L“°l O'O‘ﬂ 19} D}Oko}ﬂl Xl
Q‘Xi ¥ ES|, L& A 9?1%’5}04 W2 A7 =%
31, ARl AP ek AAAHE ol9fof WAE(glial
cells)d] EFol= E HlE F+= 7o 2 R1Eel o TDCS
B Qlsto] Zg o] 4 E U fel 7tsks At &
aq;dr/]_%) zizﬂ— ‘l— ]— 3
WA Z(astrocyte)Q] Z % o] -2] A lﬂ %?J% =k
=0l W2 & ZfolE Ho|R] ek Ai}= TDCSO
gk el Hto] A & @r"ﬂ EHL ol 4] Hlo
U o B ouloflA wAZo] A 24 2} oA
AF3t vAl g7 mEE M-S sjof gk

T =0 < HL =2

=1

T

rhu

A71S AHE3E ] 2HS 1960 TDCSO] FEj 2 Whdst
o], $-&% ool avbo| i) BuE oy g He=
G oFF 2=} ECTof| digh A18]% oo g AHE 77
=QIek ¥ v 2ol 2000d ol o] TDCS 7|42 o]
S5 BRI A W 5 Vs FAdol AitE Bk o
2 AbElEo] gom # o5 Zai HAlT} Ao E =

2 % 4 9l M Ale] Tl LAt

o

Q 2%l (Major depressive disorder)

252 o A a4 AR, S44 17
Aeehd AEAEN 7 EFH O R ool WHE
Aotk YA G 2w 2R By o A
EfAR Qa4 T ¥ 34 (homeostasis)S TS ©
OISIA| 7|, $-&-Zo|L} BotZal 72 A4l Aglo 7 W
gt AT S0 BE Y w3l KL 754 2]
oA (functional magnetic resonance imaging, ©|5}h
fMRI)©]Y} u}b(electroencephalogram, ©|3} EEG)2F 42
] JERE Folo] 55 &5 FAES HItd H o
TR} Vs ES EOE]Z‘”EP” AHbA o 2 7ol H-S
FHot= H 959 AR = Ay S Eols
Qo] yEZZ UélAgo].j_r Q= EX 1] oJojSo] FE o
Al B|AARRC] Zlo 2w ATE? EeF F = oS AT
& & (dorsolateral prefrontal cortex, ©|3F DLPFC)2] v]&+
A3k hypoactivity)2} = DLPFC?] #2843} hyperactiv-

oM

>rlrlﬂ
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ity)& 91t Zpol7} why @olo & AAEEL” whebA major
depressive disorder(®]3} MDD)2] X 2E €] = DLPFC
& AN, 9= DLPFC 84 AEs W50 24, &
u]o] S Yol = Z0] TDCSY &% A& ¥ 9
A Qgo)c}

2] (attention) T} 2+ 719 (working memory) B
o1z 50| A T4AH MDD A=9 DLPFCE #=
DLPFCE =02 9= DLPFCE &2 & TDCS AH=&
stpom, o 2 7198y 28l 7|5 (executive func-
tion) 5] OIZ] Seo] AAEE At RaEgicy
2006|955 MDD 2H4F52] S4 245 21t ol A9
o] Y= 2719 A4t = 25 DLPFCe| &
=+ AFE, &= ot} ¢J& H E(supraorbital region, ©|3}
SO)ell %E{' A42F& Ag59.om, 0.028~0.057 mA/cm’ 4=

&9 W2 ARUEE ASSGhE 1), olFofl= +5 SO
oA &Y Wke] DLPFCY & AL 2 43ls 228
=2 tﬂi}é} tnl 0.057~0.080 mA/cm2 2220 B$ o

[less ?']i:rL% % 7V —ng‘?:}% Tkt 22 Brunoni 5°70]
e 2 MDD A thA) ot A (multi-phase) F-2%
9 vl v YJAAE(randomized controlled clinical tri-
al, ©|8} RCT)o|tt. o] Al & Al GA= Uhrglom, 3 ¥
A dA = 657 1208 thde 2 ZdPsigict A=
=4 WY A5 F sh= 2dsreleh A A He 9
SF(placebo)¥} 3¢] A=(sham stimulation)=, F HA&=
sertraline¥t 39| A=3, Al M= floFat AA| A= (real
stimulation)<, 18]l Y] HA = sertraline¥} AA| A=+
wekeh Fde2Ale A9A =B F A4 Al(selective se-
rotonin reuptake inhibitor, ©]8} SSRI) A|G<] sertraline®] 3]
on 657k vl AdFIkch TDCS ZR2EF-2 &5 DLPFC
o ¥, $Z DLPFCY| &2 0.080 mA/cm” =52
A0 &2 2537 5 i 3054 Hhofow, o] 457k 25
of 3t WA thA] whelkth ZF Fek 7+] Montgomery—-Asberg
Depression Rating Scale(®]5} MADRS)2] ¥3}& 8] w5}
o, & AFolM= 72 A mHHe] 2t 9 eHFYAdE Hlwst
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& Ak ApH o 2 65 52 sertraline®|t TDCSS] AA| 2}
5Bl 555 555 55 S 30 mud el Aol e B A
3 XXX T XX T X8 Aol gourhors Amel TDCSS] $4 48 Alo] MADRS
TR OBEBE BEE OB BL meon ool dusaich ool mE Aol o1 4
_ S ¥ o) wishy AR QIITE TDCSE AA|R ES: gt
‘g s o g A o] B1% u5 & Z(skin redness) S A|QJet B HAkE
88 EEE EEE EElZ metnosseshunuel ol w2 aveld 44
g g 8 8 8 8 8 8 8 8lg Ao 5ol AzxZT} oo 2=o] ERYEIYIL) 3He] A%
E§ 772 mRE 2R e s A A8 Al SASHLON, sertraline
= % & 5839 A9 TDCSE #-82 Ad 42 1 =3
g § ol wAsiolh
< T  cde) s A @AeIM e ol AlelA TDCS ol%’j
53 8 8% & 838 8388 Ao uwyd 18 R A4 43S Agste], 98
E I S zabe] srlo] WuEH® 23 upxuh Al WA SAOA
i 5 =l u Aol 3L U RS gake R o &
O plg T AL A A eAe T4 2Aolow-un S
2 999 g9gg &2 mw e NS 2% 18], o1F YL v 13]
£ £ oz £ £z £ E|S A TDCS &3} -7-A] AF=-(maintenance stimulation)= 48
6| € 22 &8 oy o gery 2 ovie] §1 43S Agsigle
5 5 o mEHoz [1757H) TDCSO] HahE A|sHTt®
EEEZEEE B B8 omm oy oldo deia Apse TDCSY il
§) 22ggcs3s 283 el sl G Slglov olfel TDCS 14 2
< © © 1 ° o o Q9 5 3 9 FES 002 FI} 9l Ao MOV & Foji of
3 § B0 e HolRh A2 A94 28 % (reatmentre-
(cg %) ‘_6’ sistant depression)©|tt AFA - A% &3 (perinatal depres-
88 8 8 =, 215 sion)st S 519 KBSl et Ak Ml sl Be
S8 BBE BT E BRI ayme s veid ool deave anan o
5 ° o7 e - T 2= )4 JAHNCTO2116127)0] Ks)=| 1t ik’
g —~
i R = E |3
é é é E é % i e E 3 %é ¥/ Zoll(Bipolar disorder) ) .
% 25 9 E ? g ¢ %>; 45_‘ f;j § &.)g F=4d All(bipolar disorder)= jlj)mgo‘] ‘lr‘i——l"i‘fo’%o]ﬂ],
g 55592 85§58 538 71wl o ukgol ofF wri” ofzizt ol3 R TDCS
5 5688 25 85 2|8 g ast oo AN, S5 v
Sl S8 55 B2 50 BITE w39 woml 0w Thos YT 39l AV 1w
% ié % § 161 ‘g”g g 5 g -“8) ° «8> %g BaE AnEs 2 22 ASH(manic EDISOde)»‘;—]E]"CTOﬁ;
% 3 % 22<e™ 38« = 8= éé Sl(depressive episode)?] &stof o s Aqt EJ_E]?JE.EL
g 8 8 EN 3 & TDCS A=22 QIgh 25 (treatment-emergent mania)®l
Bl 1S e L, 2R |BE gusc vas dus ww s dow ¢ud 9
8§ 5888 L5533 E|5F oo g3y 9ol e Tocs 48 n2Ego)
£ e %5 8885 % 5% A8 el olat $ET Aot H2 559 Loo 1
5 8558 35328 § ¢85 SONCTOIS62184)5} 2H212] Brunont Jf(IjCTozgzii)
2 88828 585 8L 53T o3 dnmRoTE gnsse, dae E nwad Ao
gl g - % 2% 235 zuugn
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%39 (Schizophrenia)

%3 tE(schlzophrema)2 A7) ~EY AL e 3
[0 JalA], WAlE 3-8g2} 417 Ed (neurodevelop-
ment) I Togo =a) WyE = Ayoa deA 9l
o} Qb o 2 iy o)A 9] folr|RE |7 7=
st AL, &5, Q1A AoE= Ui, 20~30the] A<l

AR7IA A3 Aol 371A] 8 FAER ofShE
gHztolut A} 59| A FAH(positive symptom), AR
U AT 59 &4 ZAHnegative symptom), 123l 7]
Aot Hoky A5} 52| ARA N (cognitive dysfunction)
So| 23kt
} o 3tof uf=2W, BDNF2} neuregulinl(©]dF NRG1)

A g AFo| Al Widof otk 7A]= Ao R

Oz
TT'

2o Ejﬂ

AL E35] BDNF= A5 (prefrontal cortex, PFC)
vk (hippocampus) A 74FQ1 div] S22 &0
2 dreEm, NRG1 o4} @Hado g Qlate] ulgaziel 417
S|20} NMDA 8217} el A0 grels] gt
E4 ¥ 2ojo] njgald Al AAA wrda Beste] ) w
17l % & (dopamine pathway)e} 2584 7 = (glutamate
pathway)®] =8 F-9l=0] =yl #He £8], =iyl -84
(dopaminergic receptor) 2t} A4, NMDA =84 v]<
At 22 EAZE ik g A ok mubl A=z 7
- ZuHAA 7 Z(mesolimbic pathway)e} ST H=2
(mesocortical pathway)2] =& & A7} 713 25t
Qlo.z Qi glon], 2RHA AR A, ALt 7
Z(cortical-brainstem pathway)?} &A1 24| 7 & (cortico-
striatal pathway)Q] 24 2H8- A7} T=ujyl A &2o| Azt
o2 G Frja vhE

A SOl A= A T/l At} okl LRl Sk

Het) AzolAf Eafulo] e Bulen 9ol 24 F
Aol Axt=le] lrar dejzl Fu)d H=o A= Euiylo]
Tha Buglo] Qlokar B gk e O]ZP%LOH% =
Fepaked vjEAslel dateo] ikl gEjA] ek’ agal
HokE (antipsychotic medication)2 ©]2]gt A7 EE219]
HIAAMA B2 S 24stE ¢ 24 F9ot” walg]

£ o
R

O.

)

==

= TEE T &
Aol 22H8-& F= AF ofm I 9o AREdeY F
FEH TR E 840l e A3Rre-S _7‘:: H] A3 oFE £ r}
OFA) ZAbo|| 2 atE HojFEglon o] sy ok s
& A A, 30%E 289 FAol A iﬂo] 1T, 30%=
HEA ake-S T2|3 VA 40%= A Hgo] qiitka

jE]oqE]_%)%)

SUEAE 2@ ol S 2 ol oY A= (pre-

ventative treatment) A] $A4F0] TAE = F7F R E=

TDCS Current Status I Kim PK, et al

e WA DS s 22 okt

g, °ol=

of [UPI

3 F=
Zx] HolA AR J,].EL/\AQE mouq oF
e kel 4= QIAE R 2 A28} Hof Qe S

=73 /8 o]9] IR ool ofBtE Yo

E]_f;s) 8|1 wkek = H o]/lP_,] SFAAIY oFE-of Hl-S- o]

*l(ﬂlt FEAo] AYHAT, et Aol = ko]
©7}30% =R W EQck”

EHoﬂ_‘E ARSI 0 B B2y
] Ea)4 TMSSF 22
23] ?']i:rL Zolt” TMSE 5ot
4 4 (auditory verbal hallucination, ©|3} AVH)o| &
I} Qoks ATEo] B M TDCSE E31 X2t
HIE 7| S vk Qe 17 E35] 25~309%2] AVHE
52 = AFA(drug-resistant) S 7M1 Aoz 4y
QTh'® x| JA} ATlol w2 oFE AgA 2FY RS
H5F-=F(frontal-temporal) 2] 2]4do] EAA 0 2 LEpt
o} w3k AVHS} 24 242 A5t DLPFCS} 1243}

£ 20 - mX ofN ok
ﬂl\“ H oox

N FIF o

rz ﬂll°

4 A8 4

r2 ol of
Q2 iE B
219&

i

ji

H = &5F-FAtemporal-parietal) —‘?‘——‘?«‘é.n—} AA3Ao]
Qrfar EJ—E]O*E}“O) o3l o] BEHE 4 EoLt 24
QA FAEE vge R, R 23y o4 ﬁ?‘% =
DLPFCOH I ATE, TEe WY S5-5F4 FEeol &
= AT Agah= Walo g2 gt APk o |

Q..

uditory hallucinations
rating scale(AHRS)7} ¢F 30% -5-2Jm|31A] 24| Qie)
ojoh tr2 A B 18] A4TE WS Aol 9] 2Tt
Loln|s} xpol7} YA w3 H= DLPRECO| %= A}
g £ 500 &F AFE HEAAG Aol 3F B4,
AR oll, 5 ollol] W HAle] AT o] 9] treFet
HRAl o 7 Z|3iE] AR QXSS iz AlSo| B
Elo_]r/]_nsmo 122) ZHUE EH:I:ILE- ?:} O_Q_ %-?:5_ EJ—]' 7—]_5__4_ ‘7‘:1
Aolel 25 TREES Zroll= Zlo] asit

(]

% & (Addictive disorder)
AFE T2 YAR 2 F2AAA ) 2ot o5 &
Z(addictive substance)= A|&4 02 AMESlE= 790 Y

T2} 7)o WEtE E 4 e olejd
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Clinical

Number of sessions Number of

Stimulation

Table 2. Randomized, controlled trials of schizophrenia with TDCS

180

sessions per day improvement

(session duration)

density (mA/cm?)

Cathode

Anode

Clinical outcomes

Sample size

Article

Anodal TDCS of left DLPFC, cathode TDCS of left temporo-parietal region

Brunelin et al. (2012)""

Real > sham

10 (20 min) 2

0.057

Left TP

Left

AVH scale

30 AVH patients (15 active, 15 sham)

DLPFC

Left

Real > sham

10 (20 min) 2

0.057

Left TP

AVH scale

Mondino et al. (2015)""¥ 28 AVH patients (15 active, 13 sham)

DLPFC

Left

Real = sham

5 (20 min)

0.057

Left TP

AVH scale

26 AVH patients (13 active, 13 sham)

Frohlich et al. (2016)'7

DLPFC

Left

Real > sham

10 (20 min) 2

0.057

Left TP

AVH scale

Mondino et al. (2016)"® 23 AVH patients (11 active, 12 sham)

DLPFC

Anodal TDCS of left DLPFC, cathode TDCS of right SO

Real > sham

(20 min)

0.039 15

Matrics CCB Left Right SO

29 patients (14 active, 15 sham)

Smith et al. (2015)'"”

DLPFC

Left

Real > sham

10 (30 min)

0.057

Right SO

PANSS and SANS

20 patients (10 active, 10 sham)

Palm et al. (2016)"?

DLPFC

TDCS : franscranial direct current stimulation, DLPFC : dorsolateral prefrontal cortex, TP : temporo-parietal region, SO : supraorbital region, AVH : auditory verbal hallucination, CCB :

consensus cognitive battery, PANSS : positive and negative symptoms scale, SANS : scale for the assessment of negative symptoms

AN7¥sHreinforcement) S & 4= ULk 2 FAk]
A

Z & diito] gt Fet(withdrawal)2t Z-(craving) S4©]
s, SEEAS] g 9 2 A Ee R gt F =
2 X

o

rl
0 L

3 A 2482 DLPFC, ¢tebd53]d (orbitofrontal cortex,
0]3} OFC), it Al (anterior cingulate cortex, ©]5} ACC)
FHR Fio & o] FojZItk™ §hHe] DLPFCe} ACCY| ]
3= = 2 19 Y9E I dEA
ek g AAzAeS Esto] DLPFCE 243
A, 4% S-S JAIskL, 5 H¥Haddictive disordern)<
A R = L R [ PR = A

=9 TMS AtolAl= DLPFC 84301 55 &3t

mpHoleh wustglor] 75 A3 ArolA A
AJE DLPFCS} 2 ZAko] ol3hA] S ulgfo & 15780 2]
L ol2 7Ere 2 & TDCS A7} &ybs] At )
Ak 7% o= w7 eayl gy TMSollA: 2he- At
o] DLPFC 9ol A4F& F9lov,” TDCSIAE =
DLPFCe]l &= A=, -5 DLPFCOl| &= A=3t Aol
gE oju) gl ARt BaEAn® S o A4S 1A
tafjAs ofF] Ak ZA7L B2 Rslrha g2l gk

5 Ao E EFL, 27, UEE S5 Sk o
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Table 3. Randomized, controlled trials of addictive disorder with transcranial direct current stimulation (TDCS)

Stimulation Number

Arficle Sample size Clinical outcomes Anode  Cathode density of sessions . Clinical
. . improvement
(mA/cm?®  (session duration)

Klauss et al. 33 alcoholic patients  Abstinence Left DLPFC Right 0.057 5 (26 min) Real > sham
(2014)" (16 active, 17 sham)  maintenance DLPFC

Batista et al. 36 crack-cocaine Crack-cocaine Left DLPFC Right 0.057 5 (20 min) Real > sham
(2015)" addiction patients craving and DLPFC

(17 active, 19 sham)  anxiety

Boggio et al. 27 smoking patients Cigarette craving Left DLPFC Right 0.057 / 0.02 5 (20 min) Real > sham

(2009)'% (13 active, 14sham)  and consumption DLPFC

DLPFC : dorsolateral prefrontal cortex

733t 7ol (Obsessive—compulsive disorder)

73k ZFofl(obsessive-compulsive disorder, ©|5} OCD)+=
of2] ekl Udle BrE A= EoFAL HEE 99
(presupplementary motor area, ©|3} pre-SMA)o| A Z}-&A13}
7} dojup= Aoz oA ek @A Q1R85 X Z(cogni-
tive-behavioral therapy)7} A2 02 Z-8%H, clomipra-
mine} Z-2 F-2A9} ofg] SSRI AlGe] FEE0] A&
7| = S 712 25l AgAe] UL Aol
LA AT EoL) TMSE ARESE AbElE QeE ™ ol=
ACC, DLPFC, OFC 59| | #9771 d¥=o] 3le wd-4
ZA-A1A-1 23] 2 (cortico-striato-thalamo—cortical cir-
cuit)®] AR QIste] OCD7} wdHTh =435kl glo
™10 DBSE AIFAQ] =g oR A ek TMS E
et A7 = A= 22 EZ]| A HeshA d-EA] &
koL, 71E AFE vlEo 2 OFCY pre-SMA -9 A}=Ho]
aHAY Aol elldslar gek! D'Urso 52 TDCSE At
|31, 5= A=SHS pre-SMAS] 183132 Alofl &3}3]
olgfal B rsigict. OCDY] -9 9] ¥+ 7t &5 543
o] shjo] Rlo g dejx glom, AFxHES &85t
AR AAE A= 5] o]€]o] TheFet Xof| tigh A=o] &
T2 5= ks oA AASHATE

ZFolBa A ac}&-5 Aol (Attention—deficit hyperactivity
disorder)

ZFo)E A a5 Aol (attention—deficit hyperactivity
disorder, ©]5} ADHD)+= 417 2|29} ofe] AFHG=4 Al
2E9] oo 2 A ek B3], mubyl AjAgle 11)

= (hyperactivity), =203 d|Z&H(norepinephrine) A2~
2 Folg] A (attention—deficit), A= Ed(serotonin)<
5 AGmpulsivity) 2} TEo] e Aoz dejx k™ &
A ADHD A&+ =y, e 2of|ujy| e 24 2482 vigt
© 2 v AFUd|o] E (methylphenidate), BAE 2otg|elbql
(dextroamphetamine) X225 UWHA 0 & AFR3H}EY o]9}
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Table 4. Major montages of transcranial direct current stimulation for psychiatric disorders

Stimulation Number Number .
X Based . X . Clinical
Disorders . Anode Cathode density of sessions of sessions .
mechanism 5 . . improvement
(mA/cm?)  (session duration) per day
Major depressive Balancing Left DLPFC  Right 0.080 10 (30 min) 1 Cognitive
disorder DLPFC DLPFC performances
asymmetry
Schizophrenia Dopamine  Left DLPFC  Left TP 0.057 10 (20 min) 2 Auditory verbal
pathway hallucinations
regulation
Left DLPFC  Right SO 0.057 10 (30 min) 1 Negative symptoms
Addictive disorder  Craving Left DLPFC  Right 0.057 5 (20 min) 1 Reduced cravings
reduction DLPFC

DLPFC : dorsolateral prefrontal cortex, TP . temporo-parietal region, SO : supraorbital region

=

—

X

Z| v]-2<54 neuromodulation?! TDCSQ] Z-&3} ulst
AT A4 A 2|7 TS Elon, d 1
oAM= 250 55 28T oy A3S A HEsh= 9| A

Q= FAOITHGE 4), W oo A

x| o 2 38351
8 A7 QA oA A

[e3

Aol A= Fofu|et F4 2h
HEe} Zho] ml it shabof| ek A &2 YsHA] = QX
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FA TDCS= Aol T A& & AohE A o
3 A7} gharal sl ok A2 914 2 A 2
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