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Motoaki Nakamura : Therapeutic Application of Repetitive Transcranial Magnetic
Stimulation for Major Depression
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T 539, H-coill IZFTREE SNIZL L DE
BRI L o CRER SNBSS 2 Z=CiNET %
ET, WERZEILIZSSEVEETSH.5cmfE
& OGRS (RTFRE 7% & O BB AT R 6505
R E) ERBAIRETH B L sh b0, Koz
FISRAEIIIE T 95, S—F 0V VP RRES,
BRI B W TXIBRIIRIC BT 2 77 2R %)
B (RN URDPAEAA RROBIEE) H3R
BERDLTL, BEOFEOY ¥ AR AT A
R T ZEMEN D 5, HENLY vy LT AL
X, FIBLCRES FR T TR, RERE EET
OFNGHE) bRIBECFEIAL CHETE 3 2 e
YF L\, 7, RIETIEMRIEEENTHHE
FHTREZ JERGEAR D TMS a4 L b BIFE S h,
AERY MRI (fMRI) & TMS O [ERHE A HE &
ToTwnwa,

M., FEEEMTRECE (TMS) DOXEEK
TMS \Z AdEm, FAEz e T, BRI
FIBE, 2 IR OREGE & RE G SOR Bk
(repetitive TMS: rTMS) o 3 fEEHICKAIT %
ZEMNTES, HEFETMS OfHEE LT, @EER
fii (motor threshold: MT) OHIE & % NI ff
b3 2 EEEFEL (MEP) &R IRIE % #l

RS (2012) 114 & 115

ET DI ENTE S, EHIEHEIC I LFHREEE R
{ii (resting motor threshold: RMT) & [EEIX
fE By & B B (active motor threshold :
AMT) L2105 2 eRnTE, AMT ZHRA
i DFY 30 %0 DFERENGHERFICHIE S 5. MT i3
HETFOMEE LN T 27-00HEETHY,
r'TMS ORIBERE 2RO 2EOHEAE L L THE
BCh D, 2002 FE 121X TMS 12 X 2 FFHAEX
BADRBINE S, HAZ BT TMS OME—
DR IS & 72 > T\ b, K E B 5 5
(central motor conduction time: CMCT) Dl
E T HIENBIEE TORZM EREEHTH 5. 2
HEHFETMS 1Z 1 D721k 2 DORE T A v % Fv
T, 2 DORE R L RIEME T 2 5 ik
THY, HEEIEFOBTENES S OHIHIE O FIEERS
BIANTZY, EENEF & MORKGEAL & O OBEERS
EERFANIZDTE S,

1990 SIS A D, BESURIBEEE E O BT Ze £
Aok o T3HERELLE (EBIC3BEERNUL) O
BESHRI E RIEMHEIC 52 2 2 ENTED XDk
D, rTMS 283 4 L 72, 1994 ££ 12 1% Pascal-
Leone 512 & - T r'TMS 2 Ak i 52 1 e 1tk
DOEEMZEFELETE 5 2 WG S i,
r'TMS TIIARIEAE A PR FEBICNE S h, 35
ISR T LT b —EFHE 3 2 RIARY
N (BRI EBER) »FHE I 5. rTMS
R E LT XD b, IBENICHS R
e EIREIEE R AOICHBSER SN S L D
Todz, WWEILAONRER L UL, MR
R ON=F >V UiE, BH/NEEEEZR L),
THEEEE (YR =7 Rk ¥), MEZEREBE
(FReER), CTAd A, BIED, BB T,
2 DIRLE R TIE 1 £ OR R ENZE T S5 5,

rTMS IZHRIFESEE 1 X - T, {EHHEE rTMS &
EAEE rTMS 12 KF s 5, B o rTMS
FEIC BT, RIS L3 1 Hz DU o (&5 &
rTMS TIERIBES AL O R TG B 2SI (L 1
DIET) &, 5Hz L EOEHEE rTMS Tldff
RO EE (BEEOWR) 3hsd 2 s
DI NI, TROEE LTI, EHEEIR
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B. real-time neuronavigation

3 RIBERAL o [EE vk
A EEM 5 em Vv — )V ZEEZ D 3 RICHAERM O FIcERICEL Tn 5,
B: sy —yvarvigErAniev 7 aff3lcE oS OREHEERL WS,

IHz K CTIHz A L RHE L WS EEKTH
S7h, KEICH W T 1 Hz RIS ESEE r TMS
EEINDZEDBIFEAETHY, EHE TMS
EWS ESHzZU E20HZz LI NMBRITH 5. &
BEE rTMS O/87 XA —% — & LTI, train &IFF
X% 2~5 sec TRE ORI &, F#%E5 2
7 LI & L T 20~60 sec O train [EfE (inter-
train interval: ITI) XFlI&h, €55 &4
HEESBEELTn S,

FIEGERAL ORIE FiEIC X, QMEP 2oL A
5, OEMAFICHE D Hik (FEE10~20 3
DRI ERRLE *58), @FrEr—va vz
Wk Rlans72%55, MEPD X 51
TMS i & 2868097 7 b 7y b 3B X, IGHE
T AT 2 M1 SEEOFEE GEENE O
RExY vy EYY) BEVIEfEF 25, Lo, #
BB CHEEAT 2 Y — 7y McT 258
MEP O & 5 BEREI 7 7 b 7y M3 iz o,
MEP icE DO W TRHE & L7z M1E AL (motor
point 35 9H) 2EAEL L THESNE Z N
%o fz. Bl 2 X HTERTE O Brodmann area
(BA) 46/9, % 7z & i 586 5 % & 4+ A A (dor-
solateral prefrontal cortex : DLPFC) %% —/
v MZF5E, BHERMCE [Secm v —v]

MW X 4, motor point 7 5 HEZ_F & KR ET T
M 5 cm B 7 OEBML 2 RS & LTw3 (K3
A)., LaL, HBEPAHE, AACL-> THED
P A XRARICITE LD D, MOE-EICLFEA
EPRDoNLZE®FEZLE, [bem )L —)v ]
WHBERALDIE S D & 24 U 2 A REE SRS h
%, 22T, LT, RIMECBEEZNE W
TV—AVAD=Z2—UFEF—Ya Yy AT A
PHVONE L IR >TETWS, THIFHER
FHOUEE & TMS 3 A )V O 2 AT ER (% % 5
B4k ->TC, TMSaA 64U 55
KEGR P HERE ODIRE D & 2127z > T2
% MRI @ 3 RITHHERM Iy S 2 v —19 3
FETH L., ZOHEHRE A D LREERA % ~
7 OfRHEECE DN TERT S Z LR E &Y,
FEEDOY A AR, MEBIC 81T 2 HAZDOR
ErET 2208 TE% (M3B)., £L CH
By U7V A LT ET =y a RS S
2T, 10~20 pREFHET 2 rTMS £y &~ =
YHZHBEISIE S DL ZE BB ENTE
5, LieBoT, PEF—yaryy A7 L0
%2 & T, FEESAIEHSEINCERE L 2D D
—EHMRLUTHBT 2 2N TEB L0 2O0
Kaflhnzgrfons, Ty, IMRI TH
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ES N BEEE 2 RER e LT ES —va >
3 % fMRI-guided rTMS d Rk s Tw 3,

IV. RIEMZFEERTRIEE TMS) nReM
rTMS Z &3 TMS O Le i L Tix, H
PREHE L 05 TV BLEMWAT A ¥ T4 ICH#EHLS
2183950 ' TMS OHfidZEEm & LT, HENOD
WEHEAR & =2 X — ) — 7% E OENE DA B RE
FREIZ T NS, HEERELTE, Tuh
ANFEFED) A7 DENTADA, FEME, T
NABFKICL 2 ) X7 DFEWIEREZ EDZET o5
TBY, VAZERRATZ7 4y VEFEFELIZD 2T,
HEICHICE2H 2 268 ENH 5, rTMS &
HELURWER L LT, HENEV S OIE—IEED
SSRGS AL OV T 5. I b ER L HIE
el TETONARIENZET S, TMS 255
FENTHE INETIZI6H DT VW ABFAE
BIBIRESNTHS, Lrl, 20 16flodu
IIEEIREFE L, KRBT W ARIEDSRDbN S
FEF b EENTWS, rTMS & BEHE L 725814
DOFEH TRV, BIEFADE=5) > 7Dz,
rTMS v ¥ a VHIRTDNA I VT A DT
v 7 CEWERF = v 7 ¥y — N OFEABED o1
%, 2007 4, HAERR AR A Y 2 O RESORIEE
ZEMFELRLEMEOB S, S rTMS O
WV AENZE L THEIIZ 5,000 7SV A% ERET S 2
RS Lz, 2012 4F 3 H I [E2E 2 o i
BEWMEESIINZHEL, 3HEEOD 15,000
ININVABFBZIRNZ EWNEE L& v S B ER R
RS LI, 202 & TRKTD rTMS BE
L EEDORRENTRBEDOBFRICB W T HHEHT
EpZbbleoleh, BIERICB T 5 MEEES
BETo+akEEe, M2 oREONEE Y
A7 BHRCEE LI ETDOA > 7 5 —AK -2
v NESMSKETRE S B,

V. REMEEEESAEE TMS) o
LI OMRIZOWVT
1993 ££12 Hoflich & %5 TMS % W36 FE4K T
PED S DRREH 2 BT LTz & v S EBIEE %

RS (2012) 114 & 115

TV, KRB B 1 5 TMS OEENHE-HO
" REME 2 R B L 2. 1995 4F 12 George B A3
r'TMS OS5 DBRIR 20 Tk L7, il
R D 5 DI TIEZEHTBERTEF O 553 B BE T EF
I HHnEnSHIREYSL, LRI ORI
TA DFFICBHEL TWwd E WS HIEY &I
T, 6 BIDOFEYRERIETIED 5 DmBE Z R &
U CAERTEERTE I U CEaE r TMS 21T L
72, & 512 George 5 1F 1997 FF 12 7T & A xtE
AR BT rTMS O DR kG L7,
F 72 1999 #1213 Klein o 23 EHTHEBTEF N 3 5
EHHE rTMS (1 Hz) 3415 D8R 2> 2 &
G LI, Dk, BEICES T DREHE
BN E L EmHEE rTMS o RCT 2830 DL _E,
B rTMS @ RCT #8 10 BEMIT S Ll &
FEE rTMS & RCT 13/ DLPFC % Hll 38 A7 &
LTEY, EHEE rTMS i34 DLPFC 542
% b DO—E A DLPF CERIEERAL & LT 5,
2007 FAZ X D DRI 3 5 r'TMS O R EAGE
ZHME UCEE S IVIKE, h T8, A=A b
Z 07 O 3EILFEOHRARBIED LNz (Gt 23 i
&) RCT OfER»ERE S 0720, 301 4D FEY
WEREED S DREENEELEORE T,
rTMS # (n=155) & ¥ v A HEFEE (n=146)
EIDIES T, rTMS 70 b a — Vv i3 A
DLPFCizxt 4 2 m#EE r TMS (10 Hz) T, #l
AR L 120 % RMT ¢, v ¥ a YD )V
ZEX 3,000 T, v ¥a rEEEX 20~30 FT
bote, 4AMBOILD DFIREZ T TMS L v
¥ ARIEEE I U 72354, Hamilton  Depres-
sion Rating Scale (HAMD) @ 17 HHH TiZ p=
0.006 £ BEZELATITMS OfT 5 D%ER R
Sizhs, FEFMAE TH -5 7z Montgomery-
Asberg Depression Rating Scale (MADRS) T
Ep=0.07 L b R Lzt 8 W fERD
fREFUCEEEL 7. (K 4), KE FDA 13 —Re&
BERESTHDD, HHEERNVsnw b, #
YA TUE O BEF e LU CEME L L RSO
effect size Z7 R L7z 2 L& ERFEL T, 2008
.10 A1z FDA 3 EEYRAFRETIED 5 D9k 2t



WA L IRARPEREHEE R SRR 1 & % 5 DIRIaHE

L T rTMS OIEFEER 2 &R L7z, 2010 41
X George 512 X 2 KERNDOZ iz RCT (n=
190) 2Rk &, ADLPFCIlzxt 3 % H4EE
rTMS# (n=92) & ¥ v ARKIEHE (n=98) @
MTEEFMEHTh 2 EMRICERE (p=
0.02) ZFEDI,

SR rTMS OFL S D3RI BE 3 % Schutter
S X BEHTD A F 53 HHEFE” T, 30 © RCT
AR E UCER,164 205 DiFEBE CEYER
49.17%%) 2REL Tw 3 (606 %5 rTMS #,
558 43y v LRIBAHE) . MR rTMS FEDH1S
DR D effect size 13 7T ¥ REE L L T,
0.39 (95 %{54HIXH © 0.25~0.54) Th - 7=,
XIS OREE & L CIX, W5 O effect size
120.39 28 L LTBBRELGNFRICOML T
BY, N4 7 ADEE IV EBbhi:
(B45). 19 D4 D effect size #30.31*9 T
bbrrEZDLL, EMRECELLLRWERTH S
ZEWTRBREND, TDOXAIHNTIE, HYGE
WL £ 9 e rTMS ORIEEE (%
RMT) DA/ effect size 158N L, BE
SR L ZBES D N LR E T, DED,
BYIBIEBER) T 5 B IE 1 TMS BE8)9 %
ME D REENNL W L, rTMS ORllEER
Ermd 7EZNZ TP D8RP L2 b1
TREWZ EWRBEI N, (EHEE rTMS O
2 DEIRICEHT B[R CYEE 12 X 258D 2 & 43
Hiifge® <ix, 9 D RCT ZX&R & L TEF252 4
D5 OREE CEHFERS0.05) ZMETL Tw
% (134 %23 ' TMS BE, 118 45y + A HIBHEE) .
1EAEE r TMS B HL D DRI D effect size 137
TR REEL B L T, 0.63 (95 %KM :
0.03~1.24) & EHEEITMS XD b k& weffect
size RO STz, EWHE rTMS O X & 3H7ic
Rz e, 37Ny 4 X847 < 95 BEHEX
MbILL, HE SV —DOTRERNESESNE DD,
WEA 7y a > e LTCIREHEE rTMS L FEfRI
FOBTREE 2 > TWwd Z EDRIBE T,

OB 7 N — 712 K DI D A 8 53 Hramse
ZBWTI, rTMS OX 77 2RO S DuhE
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A

Week 2

Week 4 Week 6

O i,

| [
[, BN

LS Mean Change (SEM)
I
[o2)

(p=0.057 for week 4 contrast, p=0.058 for week 6 contrast)

Week 2 Week 4 Week 6

[
P
T

LS Mean Change (SEM)
|
[63]

|
[o)]
T

-7L
*p < 0.01
(p=0.006 for week 4 contrast, p=0.005 for week 6 contrast}

C Week 2 Week 4 Week 6

| | [
w N =

[
(&)

LS Mean Change (SEM)
b &L

|
-~

_8 L
*p <005
(p=0.012 for week 4 contrast, p=0.015 for week 6 contrast}

- Active TMS  —— Sham TMS

4 rTMS OFLS D%F Gk 30 X 0 51H)
rTMS 12 & 2515 D8R ORRIHERS &6 77 & KRR
F£LTW3
A : Montgomery-Asberg Depression Rating Scale

(MADRS)
B : Hamilton Depression Rating Scale (HAMD) 17-
item
C : HAMD 24-item
WINOFHHRE B WTDH 2:HME E TIE rTMS B &
T RBEOENF > &Y LignwZ LicHH.



1242 FEsE (2012) 114 %115
191 °
25
7
16
24
- 14 300 1
1 15 .
59 .2 250 -
0.39 |~ Grand mean °
(95%Cl : 0.25-0.54) —30°° {4 N 2007
— og 18 D 450 A
—1 10 Q
e —e | g
iﬁi272321 » 100 A ¢ .
——1> .
71721% 50 1 ’;O. ° M
r T T T _I5 T T T 1 0 ..1.!.! I...I:.l 1.!..I
-1.99 -0.83 0.32 1.48 2.64 075-05-02 0 025 05075 1 1.5 15

Study effect size (0}
A. Forest Plot

Study effect size (d)
B. Funnel Plot

BI5 @S rTMS 0815 DRERO A 5 534 OCER 39 & D 51H)

FEAEE v TMS O X & 04 (n=30) 128
%, effect size DFFY1X0.39 TH 5.

D#H 5T, SECT OFtD DRIE b T L T
%, EHELEHEED rTMS &b Ti 34 0
RCT 245 LT, 71,383 %405 ofFiEE %
fERTL T3 (751 £408 rTMS H#, 632 Z083 %
LHEEEE) . T TMS BEOHL D DRIR O effect size
377 2 REE LB L T 0.55 & hEE D effect
size D3FRW & iz, FIBERALR D effect size &

L T %, ZDLPFC % 0.53, 45 DLPFC #%0.82,

il DLPFC 23 0.47 TH v, HALH OF K= 1X

wr oz, 2T A DLPFC 23 2 KAH
ErTMS OFZMENZREINT WS, S5 8l
RV DL, rTMS BHgE#R O RCT & YRk
® add-on rTMS @ RCT % H#E L 72354
r'TMS B effect size #50.96 £ K& <, add-
on rTMS O effect size 13 0.51 L FHZEFIC L £
Folr (BEZIFZZWVWNp=0.09& b > L
V). D DERDEREE % EI0ENIZ R WD T,
ZNFEYEED rTMS ORIR 2L Tw 3
AREMEDBETE T, GBS 0 R DMGEVEET
»235. r'TMS & ECT ZE#HLE L7 6 HFE T
X, #1215 %405 DOFBENENR SN TMS
FENY 113 44, ECT A3 102 £4).
r'TMS #0 ECT Bzt 3 2 effect size 13—0.47

Iz,

A Y I DRER,

i % Forest Plot (A) & Funnel Plot (B) %L Tw

(p=0.004) THEIZ ECT O#i5 %R DI1E 5 »
rTMS IR TR E W Z L DFRHEITR S e,
WHDAYSTHOREREE DD L, r'TMS
OIS DFRIZECT £ D /NS nws, HEYIGE
HHUED 5 DIRIC B THLD DFEIC L 2R L
EDORREBHED SN T VDL END ZENTE S,
F¥ 7o b a—VEITiE, BETEEVWLOOD,
% DLPFC @ 4 rTMS £ © & 45 DLPFC @
S rTMS O effect size DIE 5 VK & WEA
Chd, Fiz, FEWEEAD add-on r'TMS &b
b, rTMS BB DI1E 9 8 effect size 28K &
WA 2SS H %, mFTOMKE & LT, Fitzgerald
5%, @4 DLPFC O rTMS (F{Hl),
@4 DLPFC 0 &4 r TMS & 2 DLPFC 0 &
#E rTMS Of&® (M), @744 DLPFC
OESEE rTMS (ME) o3>0 7 a b a—
NDPLS ORI E B LD, BEZEVIRN
RENZIoI 58 2D LD R TMS IEEY
o 2=V HIEIFTEIRIRE 2 7 = X L OfiBH<
7o b a3 VORBELICBWTEERETH S .
DLPFC Iz 3 % r'TMS OB X PS5 O%h
RICRES T, BIEHZERRE 20 & L7285
BEDUEESIR®S i S Twd, BRI,



WA D IRARPEREHEERE SRR 1 & % 5 DR

FRUUE, TFEECHE, EATEEARE, UM,
FEL LB UEMREIREINTEDY,
FICBWTECT EDOMIWEETH L LT
. L Ly VBB TR o120, Bl
BSHR 2 BRI TE TR o le ) ES5HBO
FEIIEINLTWS, r'TMS 12 & % 5RABEERED
ISR NFHED s b DO THNE, BHEH I
THWESES CBT OFEAZ LD FHEIcT 20
REMENYD D, [rTEEEE OERIEOBLE S
bHEHIANEZRTHS S,

mg P v oemf Tif
N S Y B

VI. RIEMEEERIFRIZE r'TMS) O
P DRVRFEIREFIZOVWT

75 ¥ r'TMS R EERF T LTS 2%
BERTONEVS ZEBVERHSMCEINT
W, Hi5 DOEOEHEMEFEY T T ATH S
DXL T, rITMS DIEHAIZ=a—a D
T OHEREORWIIRLETH Y, WERD
FaD S FINIE= 2 — 1 > O HSE B 8
ENTwsEHEzZo6N5, T U CHIRBHEEFO
ERIIE rTMS 20K 3 2 L 12 & > THifg]
WMENFEESNSL ZEDES L TwS EEES R
Tw3, r'TMS Hi#12 5 BDNF 238503 %
L S #4452 R BDNF D5 F %% (Val 66
Met) 2 rTMSIZ X 2R EHEL T b &n
I #RED 1L rTMS &g n] @ & o BhE M % 7R
L Tw3, EHEEF oMM I MEP %21k
RN S 2 & TELKEHY NI ATEE
ThDH, HISERTE ORE A M X E R 2 AREE
DREE L HE A D 5, EEMEZEHL T, R
R B IR R oD g 92 T5 B8 % v TMIS Bij % TSI
Hig3 2 2 & TR EZHNS 2N TES
AREME b IR S LT w B, MERRTAEN: E BIfR OB
WIEHRER B 2S ' TMS B RFTIIC R 3 % 2 &
BEESNTWBY, £z TMS & i o [ERHE
FIc X > T TMS FFREM AT E 2AMREM: D
eI TB 0, EBHEHEIC X 2 MEP 24
W ZNA A~ —H— L L TCOAREMENIE S R
Tw5,

rTMS 12 &k 24b%y F T ALEADEE L L
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T, 7 Vv¥ U (Glu) Ry-7 % EE
(GABA) ~OZENEYFEFD Lt h D MRS
e CB W THEIN TS, ZhErTMS
DIFENE & 72 \ZHNHIENAE = 2 — v > & E R
T2 ThHhbEFEZL5Mb LRV, &5,
TN S UEEEEIE = 2 —u > b LT O
DHEBICL->T, FET=a—uarixE»r50N
NIV REET 2 EFZoNTwD, BEFH
ZRRE LT PET BF92I2 B8\ C I, RIEERTE
—REHFNOFHEETMS 21 v ¥ 3 V1T
S JERIT, RS S OWRME RS v ol
([**C] raclopride DFEEBEIET) 2 RArMICEH
FEL TV I EDRRINT 0B, 25 LA
RBiZ, /S—F >V Rt % r'TMS DG X
H=ALDIRID 1 DB TFonTE Y, HERE
FALPTED 5 DRI T % rTMS OEFEEIR b
PN U RADE L OBENEII S Tv 5,
BT TGS D R o3 3 U fi & OB b e
&N, A DLPFC NOE#HE rTMS 12 & > TIH
B OHPRE & FIEEREE CONEME R Y2 >0
it ([*C] FLB 457 OfE & REAET) DS HERR S
729, SSRI® SNRI Tl B2 F OB 7R
WRRS VRBRFMT S Z LT, BRIKTRES
HIk, FRMROEF % £12 B B YA
DFEIEREFENT 5 ZENTEXZ00H LA,
HIERTE ~D rTMS 8 R X3 v RA2FAMTE 3
DTHhNIE, [OEFCRS T, MEKME, 18
MR, RIEE, EEEREE L EAOBEILHO
AREELH L THS D, NS VREZT TR
{, TITMSIZX %o b =V RAADEEIZON
THMEY B s TWV5B,

rTMS ORBIZRIIC & £ F 53, Mkl
HENL b TWw k), = a—u Pl
GEDE DV~ OZEALIET T <, MREEE LV
ANV OEASBMEET 2 L EEN D 2 (K 6). #if
BARHER OREINCHE 2 5 &, FERME 28K T 5
M 2ty & U 7o SSERAE,  SFERIN i 5 2
e, BB &S T S BETRRIE I X A
ANV ¥ — DIEWENIR 2 WGEES 2 LB DH 5 TH
25, EoBECNT 5 rTMS Z1EEICAE
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=3EE (TMS

FERIREE (2012) 114 %11 &

RSB (TMS

6 ' TMS OFL5 DRIR ORI E 7 v
DLPFC : BiiERE & 4MilE, VMPFC : [EAHEIETEERTE, BA25 : Brodmann 25 % (FRREIZET

%), Glu: 7 vy U, DA: K88

72 DLPFC iz 9 2 @i r TMS & 45 DLPFC 123 3 2 {E4EEE rTMS O #ifR a5 7 L % i
FNZR L T2, BRI iEiEom s £ L T\wa, 45 DLPFC o3 2 {848 rTMS & X
T T effect size PSR WA, FHHREMHEIA H =X LDV TEARHLEENE L, %D

WISz %,

DLPFC o &R 545 DLPFC OEAH B RIEL
O 2FENFICHVSNTE D, EEFEREKX
AT BRPIE S D & Z AHEH OB 2 HThn,
Fiz, AFlE OBEHEOEE L SEAEER & OREE
bW EPICHEES Ty, DLPFC 2 5w
TH M1 EFEBRICEHEE rTMS MMM TIEH
J& rTMS 2MIEIMEC/ER T 2 LIRET 2 & 513,
%= DLPFC o E#8% r TMS & 45 DLPFC 0 {K48
& rTMS iEMA I B CRIRORIE 2 725 L
TwdEtwsFz2 bbb Thixo%xh, £
DLPFC O & #EE rTMS 1342 % /- U 72 2 Ek
W £ - ¢4 DLPFC 24 2 —F/HC, A
DLPFC O {EHErTMS IZ M 2 /- L T K
DLPFC %[l (BUE) 32 L\ D 30EE
WHED LK E TV TH S, BEEENRE L
fMRIWFSE T, ZRTEEEE O BRYE 13 PR D HARE

ERE L, AARTEEEE O BIE XA O HARY & B
L T2 EREIN TV S, S DK ORERY
IZBWT, PREC LTI D, A
BOz UGN s > Tv b L IR GICEE &
v, b UL HTHEEEIC 20 X 5 REERE R e
HHDTHNIE, EDLPFC ZRiE L ¢, A
DLPFC ##lf9 5 Z L 1% 5 DR O lE Iz B W
THEZPZ>TWB EEZ250b LAk, Bl
L 7z [M'C] FLB 457 % v 7 % # o PET #f
%2 Cl%, /£ DLPFC O & rTMS 12 13 24
BRIz B W ORPRIEl & ATTEZER SR TO R8s ViR
HHER S /23, 45 DLPFCIicxt 3 % S E
rTMS Tk 7 > FEGREICEE 22 LIER
Shdo729, ZhidZE DLPFC 233 5 4
ErTMS B"ERITH S L wHRHLE LTFIFL
s, DLPFCICB U 2 B n ki qzE %



WA D IRARPEREHEERE SRR 1 & % 5 DR

FARNCHRFES 2 2 ENEETH S,

rTMS 1 & 2 %) 5 % 2Bk PN AR HE O 81 5
5% 2 % &, DLPFC & &9 2 3 20507 1 B 5E
HITF oA (RiaekE 2 Sde) CIRERZ ST
JENHEIETEERTEF (ventromedial prefrontal cor-
tex: VMPFC) Th 5. PET W5tz BT,
DLPFC &R R T8 (Brodmann 25 ¥) 1<
B 2 BRI BRI D 5 T L PRES
nTnwz, fI5 DREETIZ DLPFC O Mt »ME
TLETHEOMBS LA L TWws—7T, 15>
REE & O EHERAIC I OBIRI ML 5 & \»
5. ZOZ L EREMBEE rTMS 2w D
#HDDLPFC 2159325 2 £ T, RTHOIEH
ZEIT 2 HREME R R L TWw B 1255, bixAic
DBS TIX R TEH 2 E#EESAIE L TZ OiEiGEH)
ZHIHT 2 Z EEERIR CBEL Tw A D TR
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Therapeutic Application of Repetitive Transcranial Magnetic Stimulation

for Major Depression

Motoaki NAKAMURA
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Department of Psychiatry, Yokohama City University School of Medicine
Department of Psychiatry, Showa University School of Medicine

It has been reported that approximately one third of patients with major depression are

medication-resistant. In spite of partial responsiveness to antidepressants, most of the

medication-resistant patients remain incompletely remitted without successful social reinte-

gration. Symptom severity could be mild to moderate for many of them due to the incomplete
remission, and, thus, electroconvulsive therapy is not applicable for them. However, they
usually feel some difficulty performing cognitive behavioral therapy or social rehabilitation
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training due to residual symptoms such as thought inhibition and hypobulia. Under such
conditions, those patients are longing for treatment options complementary to antidepres-
sants, for less painful social reintegration. In October 2008, the Food and Drug Administration
(FDA) of the United States finally approved repetitive Transcranial Magnetic Stimulation
(rTMS) for medication-resistant patients with major depression. The main reason for the
FDA approval was that rTMS had shown similar effectiveness (effect size around 0.39 in a
recent meta-analysis) to antidepressants for medication-resistant patients without serious
adverse effects. TMS is a brain stimulation methodology employing magnetic energy which
can penetrate the skull bone without energy decay, and, thus, eddy currents induced by TMS
can stimulate cerebral cortices effectively and locally. When TMS is repetitively delivered
over several hundreds of pulses within a session, stimulation effects can be observed beyond
the stimulation period as aftereffects. Moreover, when a daily rTMS session is repeated over
several weeks, rTMS could have antidepressant effects. Clinical trials of rTMS for depres-
sion have employed two kinds of rTMS protocol of high-frequency (facilitatory) rTMS over
the left Dorsolateral Prefrontal Cortex (DLPFC) and low-frequency (inhibitory) rTMS over
the right DLPFC. Although the antidepressant action of r'TMS over DLPFC has not been
fully elucidated, the neuronal level hypothesis includes the induction of neuroplasticity and
activation of the dopamine system, and the neuronal circuitry level hypothesis includes the
activation of the left DLPFC and inhibition of the right DLPFC and (para) limbic system
such as the subgenual cingulate cortex and amygdala. On the therapeutic application of
r'TMS in clinical psychiatry, neuroethics and low invasiveness should be fully considered
along with a negative history of punitive electroconvulsive therapy and prefrontal lobotomy.
It is important to investigate the neurobiological mechanism of r'TMS treatment and to place
r'TMS in a suitable position within comprehensive treatment algorithms of major depression.
<Author’s abstract>

<Key words : repetitive transcranial magnetic stimulation (rTMS), major depression, dor-
solateral prefrontal cortex (DLPFC), neuroplasticity, neuromodulation>
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