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Virtual Lesion Patient Study

- S
Preface: A Magnetic Manifesto

The aim of this book is to promote
transcranial magnetic stimulation (TMS) into
the mainstream of cognitive neuropsychology.
The principal belief behind this book is that
the use of TMS to induce virtual lesions can
lead to new discoveries about cortical
functions, discoveries that cannot be made
using other techniques. The virtual-Jesion
methodology we describe can produce virtual
patients with unique patterns of “lesions” and
deficits in space and time,and it therefore
operates in a new problem space not
previously accessible to neuropsychology.

Walsh and Pascual-Leone (2003)
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L-R(F# : BSF) or non L-R(F)
Oral reading Semantic B
speak /to-ke-i/ £ | judgment ‘ i 2t
/ \ abstract or concrete l_T_
Kana-to-kanji Copying kana C(g:ymg Khaﬂjl
transcription orthography orthography
write “Mf” write “&” write “FRF”
X3

WC, BXBO0EE (L] OBESHLEEY 5, WEHE, 2Lhb6EFIC
EEXNZTLHILDTT, 2OBFILLAAHRTNERENPLEIIZD T3,
EEAFFOFFHALETTCHL ) LDTT,, ZOHBSITTETZHEOPTTHY
BHhRLLERHY TEA, HBEO D, ETO [HFH 2IRL T, £0F
FEXELTLLIRECTT, ZOBER, BOWIKETVERLZLT N HLD
FTTHS, HOMTEWEIRLLEIED ) E A, WTIIZEW TS JLHE
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BEHIONTT, SiALTERETIE, YA/ THEARHL T, TORGO Szl -
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EBEST ¥ A 4L, Virtual Lesion Patient /& DE#ERY 22 T TT (R4), &KW
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b EFWHETT, 10 5HOREE T o 72ERIC D ) —HEE R UATE
OFAl, 2 F 0 ISR OFIET) &) KRR T, FheMENH T XK
ATHDELT T,
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FERREME : 400ms
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rTMS
(0.9 Hz, 90% rest
threshold, 10 min)

TRH

Xl 4

Stereotaxic TMS system

Right BA 37 Left BA 37

Left or right BA 37 was determined from individual anatomical
MRI by using stereotaxic TMS system (Brainsight®)

X 5
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Mental recall Transcription
TMS site 5 (M3) : (me)
o 150 150 e i
o T £ ] I-h-'l
FIAr N 5 100 _L 100 iy
ey Es0l 50 s
T c ol ] . . 0 L - S
I R e ?
§ 50 1| -50
o S |
Left BA37 Pre-rTMS Post+TMS Pre-TMS Post-rTMS
+P<0.05
g {ms}l (ms)
_ 8 150 | 150
AT, £ 100 100
et ——» £ 50 [ 50 | T
ir:-. s 0 ,.....l,_.. = 0 .ii“?_
EE 50| - | -50 ‘
. i'd i -
Right BA37 PraTMS Post-rTMS Pre-rTMS Post-rTMS
Mean reaclion time=969.5 (ms), =721 (ms)
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Semantic judgement  Oral reading

TMS site

,..
=2
&

150

=
(=)
o

Reaction time difference
e,
o

Left BA37

Pre-rTMS Post-rTMS Pre-rTMS Post-r'TMS

(ms) {ms)
50 50

150 150
-—]-..--- 0 _I_E‘
=50

100 100
Right BA37 Pre-rTMS Post-rTMS Pro-rTh4S Post-rTMS

-50¢

Reaction time difference

Muan reaction lime=925 6 (ms), =516.5 (ma)

IR

=7

copying kaniji kana

g tms) {ms)

(=3

ﬁ 150 150

5 100 100}

9]

E 50 . 50

g0 “_-:[-"""‘!j!'" 0 | e . --

g 50 -50 | -

e e
Left BA37 pre-rTMS  posl-rTMS pre-rTMS  post-rTMS

8 (ms) (ms)
=
2 150| 150
£
T 100 100
E
e 50 | 50 |
s 0 ..Il"....--- .. 0 . =
2 A
§sof Vel -50 ns
§ 14 A —— —
nght BA37 pre-TMS  post-rTMS pre-rTMS  post-rTMS
Mean Reaction Time=424.1 (ms), =374.2 (ms)

X 8
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Lesion studies

z-;o/- TABLE II, Dissociated alexia and/or sgraphia in three pathological conditions
. Q. preserved, X: disturbed
Kaniji versus Kana Visual reading | Kinesthetic|
i T
Neuropsychalogical correlates of the reading - ¢
Japanese writing system kana kanji kana kana kanji

Makoto lwsta
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Virtual lesion patient study

DEEHIEI

Raven’s matrices test

rTMS
(0.9 Hz, 90% rest
threshold, 20 min)

X 10
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Raven’s test
score
100
hase Pre-fTHS  Posl-rTMS Pre-rTS  Posl-rTHS
Correct answers(%) RU hemisphere Lt hemisphere
= 11

% 2 Take-home messages
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1. FARRRREE BB X B M R I B
HAM 2%, SDS 3 I, SND 2%, OPCA 2,
IN=F V¥R 1, MS 1l

2. BIARRE IS CHRIBROBTZIRFE BeAl & AT, —FLL LS LT
bR AR COMEREL LUHIO ) VR EORY
AP O RIE IR K EEATF R4 4 83 10 f)

F2 MR (EEEEHEH)

BRIk o
RE  HUR PERHME IR

Fim, Y B2 IREEE MR

FERL 1 54k, &M HAM T - + + S 9
EB 2 725, B HAM KT — + BCaTHE 9
fEF 3 535, HBiE SDS + + + + pJRlER 9
fEffl 4 58K, KMt SDS + + + + £:a ¢k 9
fEF S 45K, HiE SDS + + + + 04 9
fEBl 6 607%, HYE  SND + — + + PIEIEHE A 5
EG 7 58m%, H1E SND + + + + PR 9
AE 8 60k, Bt OPCA  + - + + pipiEk 9
REGI 9 725, B opcA + - + + =L 5
fEB) 10 60%, HiE PKD + + + + ek 4
fEF 11 347%, K MS KT — + + e e 9

AREFAHEHELICEEIREL T T, REEORIHZD 6 MEROLN/TZD D)3
MFCRLA->TWE Lz, HEERYEL T LU, MREMENIE TS
REBOBENEED, HEICHENLE L, RABERARIIEERIR R o7
T, T, FHRREVPAEICED L THREZECLH7ZOTIE RV LN
S NG, E L, BEIHRIED S BICRRO LN b O 3IHFITHELEL
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#£3 FHik

A 50 s R T S
Magstim 1 | Magstim rapid
® 90mm M2 1L
® RAHIID S50 %
® 15Hz, STEMEL, 5584y -0
® JARIFR] 1 #3040
o ARG 83 M 3 (B o mmlE)

&4 FERE

IERERT, 1B 3 MU ROMERTTH

® [RENEHIE urethral pressure profilometry

® JFERLAEHIZE cystometry

® 3 O-TFHREZENH, THRR=LHE

® B EAER O

® Student T test Tp<005 * EEEH Y & L7

x5 BE
AR EREBERE (11 60)  WTERMEE R G S (10 41)
1B FEH] 6% BT P
i IO A A AT
WFERE (ml) 1461756  159.7+80.3*  160+45.6 212.31+56.4*
AR E (ml) 211.7+£97.3 247.7+£1257 23924522  286+66.4*
B KPR E B 8 (mmH.0) 9440 89+19.8  49.8+28 66.728.9%
SR i 5 4l 2 51 L %L
FIFRR & (ml) 161.6+£359  111+552% 0 0
RREE £ 133+1.27  038+0.52*  6.3+2.9 3.343.2%
BREAER O E 5 Bl 10 Bl
* 1 P<0.01
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A7 TR EORBIFRD N L X0, FREEIIST 2HMMED
RRENE L7z,

Fo6 hIRGREEIC & 2 EERMERICHT 2HIRIMEEOMR

wEE . ‘ Ah ) = R
A S . i
() T8 Fs SR 0
Perkash & HFHEEE 50~90%, EHET, BERICHE
(1998) 22 15 20Hz, 2% I UUHE D 1H 2K
Fowler & H a5 100%, BEG, ERRICHE
(2000) 7 1 20Hz, 5% SR O T
AN 44 Ky :\,I P,
Yamanishi © A A 100%, 10Hz, “ﬁﬁ;;f@;ﬂf
12 i 154, @2\ 58 G
(2000) 1l Ay, 382 [\ 5 AR BB B OB A
Hanai 5 A B e R 50%, 8 Hz, EBHER 1~128I1C8%E
(2002) 11 1 104+, 1H1lRl6H RAREMZS = OHE
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[EREZVES
PRIEFERIF OREIEEE © a2 b OBEHEIER  (Fall 5)
i

i
ERE 18 i OB o B SRS SR U AR AE D & KN R B RE DO HERK
AR A 4 L CF I A R Bl 28 e~
(Ohlssen)

YER AR B R AN 2 D ULFE - GABA, opioid system @[5
(Linderoth ©)

FRIEA) R
JREFERIH OZAL © AFHARMEAE RS (Fujii &)
B o ) SAEEI MR ER O WA (Janez ©)
PR WEA~D5ZE | GABA, opioid system D5 (Linderoth &)
HEEAMGEOZE (Hanai &)

(5 W

Rtd (Fl% - AMKZEXER BIAERKSEERE) JIHkEAE, EH) bbbt
PTEVE L7, A TEEICHALE LTI IEM, oY P I8
ATL &) D

EE (EMEEERERE UNEUF—2all®l) —ob ot FERNLES
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DERfE, EEDOEZL, A NOFMIEZIZHLOTL L Dy

R FRgespE I I TR EZE N L TEEf study 5H 0 F L 72D
T, FNEBEIZSO%BE V) ZEIC LT Lz, FIHERAE. oA vy
U, 82V S3IZhALEIZLTE L

CIE R 12 /Nl B N S |t

F)l| (RRXRZEEZH MEABEHE) 7ZRARADPERWISHRE Lo HEC
o TR THWAZLE ) OTTIFNE, FEE 50 %1 Lz BAdIEs i
T, DOBHETINZUTOH T 2E50% L) Lo ol0Td i,
FAOEGE TR IZIEoEVFROE L, FHLAE s A LRI TE TV 2
MET, BEAERLNITIALANDTDedge HS 1, S2IZH/DMEBEBL V) 52
LRALROTRNE L2, TNEEFHITRELLBEVES, 4D, b H
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BHARINIERTH L BOWERESHE T, RYOFRZL )LV DEND
HbEZ TRV EVITRWDT, T4 double blind 2 R H 2V E WT R WweE
Z . placebo control study =~ 72 & TAHBENHTHE Lz, 4% THIEER
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12, placebo Bl & fHHEAIICAT 2 B DD HHEI 2 B0 b LNLEE Ay sham H
MARNLEPEVIAN N L Lo b L WEZATTITRE, KRITFHI V)T
WIHHRETL L o 5 F TOIE T control study 25D H D £ L7ciTh
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FIVIIREBIZE D £9, 72720vb® 5 tE S, R E O RVERE I
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THEVIDEDH D T3, L kd sham FlE L V) DEEEL WEETT A, &
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BE (W@KZE UnBEYT—2ar®) ERLEZROFHETE, wbwb
BEHD R 13 BRI over active & 2 0 97 FRIRDNK - THERIFIZDRIRD D -
FrEnA) ZETTA, BEVHBDIFTT S DSD DA REHLVH Y £4, £
EME R BRI EOBIEE) & % ) 9, 1GFERK, SO OEBRESZDT
WSy — V3B o72OTL &), FNE SPIRIED detrusor DEAD - £ 5
CHEL LI holcbn) ZETT D,

IR DSDWEEfITHx ALFEHTETWE A, DSD LY D pressure flow
study (2B AHPRRDDEEST B L) 8y — Y TCHRIREEPR  BoTwb &
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E, IANVOBEREELLEE, TS IANVOMBOAE LA,
HIBRIGHFE SN D BRME S/ % simulation 12 & » TROF LT, fllasE
& localization IZ2WTHRET L F L7,

TTAANOY A XL EREEEOMR R LI Lz, B2ECSiEo 8
OFIA NV E AV, N ROTEE B SR 8 DFRMET OEFEE
DEALZFIE L2 DT, MEICHIBNROEZ/NSSLTnEETE, &
S 2BRBEREALANELL o TV I ER0h 0 34, g, Rl
GANSL D TFT L, T BET LHED ) HRIERTR % Bl L% WwTht
M~NFRTLEIMEI I TCLIE) O THLEEZONT Y, Z0DLH2#
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I EDPRBEEINEDITTT,
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Electric field strength by volume conductor size
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KIS, A NVOWEDHE %A Z 7255 OMBGREICOVWTRE LE Lz, B
4IZ8DTIANDHBELZEZ T oD 8DTA B FOERMESY 70 v
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Electric field strength by coil diameter
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Electric field strength by coil angle
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Electric field localization for each coil
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BEOWMEBRAIMTT, LD 7E$ localization 28 2 > TWA Z A5 0 F
To LLbEdb, T4 NVOEEE D localization 12 B % BT+ 2 & 2340
Dibtouiwiﬁﬁﬁﬁ%ﬁmibf\ﬁ:74ﬁw%®Mﬁ%ﬁ:4w%
FIZE L T L7,

X6 MER L7221 TE, FHEDY 62 mm THEEA 135 E D double cone D
8DTAANTY, TOIAANDOWRELFFMT 57012, =7 AWV OEET
O phantom TN B L F L7, 4 FTOGEIE, a1V &HH#E L OTEORER
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[X] 7 t& phantom % ff o CTHEH) L 72FE B EE AR T3 FIBERAL IS4 O —KEH)
PPICAHYS T ANMESE LE L, =2 490D MRIHEE 2 6., cortex DI HE %
FHENE2 O Smm OFERSEHMLELT, SmmOESDOEIAHE 1em MRS
XYY, 54 STREZITo 7R TS HENTEIEHETT A, £z
FHILTTRLZZHTY, BRBEORT S EFBTRLE LT, FHIEERNT
RLTWET, EORPSEE L7 =27 A4 )V H O double cone &l 8 D
AN DIERT Y,

Double cone coil for the macaque monkey
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~ for the macaque monkey
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Inner diameter: ¢ 22

Angle: 135° E
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Electric fields induced by different coils

Double cone coil Small figure of Figure of eight
for monkeys eight coil coil for humans
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Y T N T N T | } pov el Oy |
------ i ! I " ] ! - -Ne | M ! 1 1 * - - - ¥ i !
N * Occiput i
Right Left
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KETHAEN 180D DFIAL VOERTT, BB LI A NVTITRFEE A >~
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WAZ ERGY T, S Lo oo af VTIRERMELS D% Y iR
LTWwB W) fEREGR>TWE T,

ZAuE S ERR L E UEAFEE T A, localization # R A7-912, FNEFNER
BAEE D Y — 7 T normalize L7 TY, BB LAz ViICEMBO =235
BILAT o TWT, localization SH F W B Wz L3500 9,

BAZE L7223 A VB EBICY VI L RO R BIEI#R % LT 572012, FDG
—PET scan %47V>, 7V I —ALHDOEILZEEL T L7z RFFEAM ¥ MIHD
—REENE L LE L7,

B 8 I EBRTH A T, FEIAE L D motor threshold & [F] UEFRIAREH
BONBHEEE L, KIS monophase, FIBEHEE S5Hz & L F L7z, ME
TIEBWTHEEN 2000 ORI ATV F L7z, HI#7 HAT% baseline & L, R
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EXperimental design

16 (day)
ITMS
Anaesthesia FDG-PE
H:g l r l
f rTMb
[l[
" EDG-PET FDGPET

fTWS iz, 2000pulses

o 10 20 30 40 50 60 0 10 20 30 40 50 60
fmin} {min)

FDG: BF-Fluorodeoxyelucose glucose metabolic tracer
X 8

B, 1 Hf%, 8 Hi&, 16 B2 PET scan 217\ 3 L7,

MBER T, FBRA 2 NETO—RGEBT &M 0 EFF BTV
D-2ARHOBL VR LENE Lz, 72, PCC. ACC 2B W TIEH oM
LN FE L7, 1 HETEXSMOEE)E T O activity DA 2R L T 9,
ACC, OFC TiIEMA R oENT L7, 8 ARICBWTHEBENE L, wlloE
B)IF. ACC. OFC IZBWTE %#ﬁ%hittomaﬁz 1% 1T baseline (27§
L CWE T, AET B X 2O & AN ICEED H 5 & Bbn b 5T
7»?~Zﬁ%®%%#%%ﬂ\mﬁttﬁl:ﬁ@&ﬂﬁﬁfgt%@t%i
TwEd (H9),

T EOTTA, LA double cone 8 DEIA N TH=Z 2 A FND % B
FIECRIES 6 2 b TE e ZB LT T, BIWOBSHBTIRINROFEEGTOK
BSWEDELIANVERAVERETHELEEZTT (B, LT, &3
DHYEH T F L,
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Effect of rTM S on FDG uptake

-
¥ R
I

X9

%21 Conclusion

@ WRLEFTINI—VEISOFEIANTH I A FELDOR %R
PO s A2 e TELbDEER D

® HYOWSAMTHNROBEEFORS S IZabEzal v e
Hwas_EXL#z 5

(% &

e (Fl% - AKZEXER BFEREEEER) O ITHBEDVIEH D
SWE L, FNTRAEZPSOTEEICELE L CIEMPRaA Y PITE80nEYE
ATL LI Do FAED D, ] 21X double cone coil THIZLT A &7 DnwvE 2
ARG ENDLE DT LDTTA, ZOH =7 A FIWHTIENk D focal % ac-
tivation STV E L7z, & W) R E S ASIEIR O 5 BRiZ, B 2 I X T D EMG
Bl ARFICHST AL BALEIAD, B MIL o TIE EFLENFII TR D E) <
LV IERICEVEBNRIGE S NAHRTTIINRE, COIZ A FLVHTIED
72 1) focal 72/ U @ PET study T9 42,
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B §OFRMETOLIAHAOE =7 #d 5 DI TTH, T HORH
BREE & . motor threshold & ) b A L7214 — N~ F L RETHEK T X, 20
KAV bEIRFECRBLAHHATHBTE2LE)OTTH, Zldr2 L
Wrd LI A, BEITIE, threshold & Y b 2272 b sV i@ TR L T A1
RS BH LR VT T, ZOHEA, motor threshold & 1) IR WEHIEAA % D F
TOTLVHATRES N TLE) St IER 6N EEVIT,

B& - M Pk, £,

FI (REAZEZS #EABZHE) ~RALIELEIOTTIUNRE
% . double cone coil £ V) ZEITIHFATHWAD THAALZBE L EBI D LT
AR, BN THL L) ETHED45D 1A% B /3N—F 54 X 5 7 double cone coil
AVES T F N —FBEBMEICHE TS EBnEd, HREYILTEI VS 2
ERHoBORESIZLTWET, © M double cone & LT35> T3
Dlt., BEBBH AL, EWEZARTIB L VOT, HEES PR AN
W o>TWET, TATEDHHNIEOLDEE-TLE A, R0 EVEH
WM SN L ERWE T, 7225400 T double cone & - Th., BN ERKE
) DTIELRWTT H,

BE MR 200 F L7 E23H0DE)TSnE L, HIZTEWETA
TL X9 Mo

FE (REAXZESRE MEBRABEHE) YL0o24 V30720 TTIiTR
Eh ., BOEBDHEECSAHLDOTT, 770 NVI2TTh, Roa1 il
wAEL Z EITATEE T 7,

B EiZ, SHOBEOLODIERTE LW LR - TW O TT G
THATLA, IANDOFHEIIG LTI ROFEDINS SR 3L, & X
BBHRELTE LX) 2 ocalization DL BV F T, T &R /I NWT
FTOCT, FNIZEDELIALNEZVTA NP TENRIETRVDOTTY, HHOX
SOMBETT LD, 72 SABDP RV EWVITEWEORMBENH ) T LT, #hiE
NSV DXL RIPMENELTA, BRPH D TTOC, BRORKETEDIA N
TRONEVEHZHH L I AYLIZ8 DFO L ) BB SREET LA
PWOBERI N ET, THUIITFR IR LTCBY EFTA, AHELETFTW
HOZEBRNEFE T, M S THEZWERVWT T,

BE - R LB, RN

L5 (REXFK¥R EREFEIZHEE) RoFrobroBNSYTCHE
EITUNE, FHEMICIETELDTCThR, TEHDTYTH, BHOMNZwIA
Wb LETE, TANDRIIREB L TaA VA/NE L L 580E
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MANS D00 BRHEEPRKEL 20 TTRMBIZIE, AMOEE, 1tesla
DR TV D D IZ AT A 2teslay 3tesla, Bz 1E Steslafil 1272 %, 5 tesla Do
WIS R NS WO NVTHENLPE I P E VI BIENS ) T LT, ZHFIFFI
HLv, d9)—2F, M WIVNEL %Y £9 &, impedance & V29 2 L OfEDS
NS F LT, BERIEANIT & A E short circuit 12 7% » T, BIEFENL D
TR, BALZHLOWEMMZBELSH VIS, LeLEFNRREIHAREZIILD
BAGEZHTLIRLTIHRMITIIENL EBVEY, 2726 —D, S3#
double cone coil T, FRBFGEEDO THMTH P I A EFINEEBBEZIZT 720
TN ES, WRAEABOEDYE. volume conductor 7P K E Wb, T4 )
D edge D& T AHD eddy current b REL Lo THEILPRBINL EWV) 2 &
TYo £V BERTIE, BREHEREDEERLEDOTHERT, bro bRk
BZENHNTT, THERMLIZLEBoLo>TBONLY, 37THDLES
ARIBENTHWETITRE S, QIOHTD8DTIAALNDEH H)—FDIAILD edge
DEZATEDPLRYFEINTVLIREEDNH Y ZTh6, FOLETH, FEE
ByhEEwET,

Bl M REBELIERHIFE) TSI L, Lok 8oFalil
EARY I focal EVIDYBEDPHLHNETL, BELWEZATTIINED,
FNTEHPIA, E2HBEITI0FE L, BEICD IEFICE->TH
D F3, BEEERRKEMBEAR LA O [FEREE: ORI T 5 TR re-
view |, BEHWH LI T, 11FEHTT,
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5 HRREEORZEICRI T 53K

review (11)

EREHXR s
HHEERE ]

REICLL ) ERBVRPLWOH 05 8N TEY T3H, A4FED A T3
LET,

D1IEMTH NOME EOLIMATTEWT LT, 1 BLAEREMICHELTIE
BRZETHLEVI@MILT LI, LrL, 4MIZEEBRICHE D IBERE 2w L
REE S THEVEEH ORGS0 F 9, #1 2 (£ mania D F 3", posterior
fossa, Rl 5. /N OB SR 2R A O WY, tactile perception” <° time percep-
tion" |2  FHIEH O — MU RE D2 L0 ) B]ELSH Y T35, minor 2 b DT
HYFLT, MIELLL L) RENEHOBREISEEDL L) TF,

& EHE, RBESUAEDORHIRIIA R O REA T E L7245, 2002 40 Brain and
Cognition & \*7) journal 12T DOV T D review 2% H ¥, TMS T long term
O side effects (XTI L A LV EFENWTH ) 3, & 512 1 Hz LT D single pulse
R, BEHEATIEEETH A D, high frequency, high intensity ¢ 5IE ik ZUH) 8L
DGR EFEANTHEBREL AR LRSS H L0 CTEETLLENDH L &
WO ZETT, 2V BIEE L THETE, TMS 394 VL2t fiz 50
TlERWhrLEZTBYET,

O VR, B4 BRI L JEMERAR (TMS) DI #HE S h
THD ., B2 X EPED auditory hallucination 128F L T O AR TH ). & 5124
BHEIEGDIZONRP D olc b I MEDVHD ET, HETHEHNMLET,

& 52, ADHD (attention deficit hyperactivity disorder) < visuospatial neglect 7
AER). & SHOEEILA & [ LT visuospatial neglect syndrome 124+ L Tl ] %

o=
LN
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R 2 2 LI L o THEES — @ISR SNz v ) SEdiH ) 9, 72, post
traumatic stress disorder |2 b B DRI RAH B L v ) L 91T, a4 REEIITL
T effective 728 W) BEDRP S RIZHTE Y £9H%, —EFTid double blind test
FLTWRWEWIIRMTT, L LAad 5D, WEE chronic pain (2xT L TRIRA
HDHEN)LEORENEFLE LzAS 201 EBTRIYEDS LD o728 v pi-
lot study &t Tv»F ., Tourette syndrome (ZXf L "C & negative 72 - 72 & v ) Hi iy
BHTWE T, S EF2, dystonia FIZD RV H D LV IMEVH Y ELZL D
/= movement disorders |2 L T4 review 2SHITEB Y, 2% DA TH B L)
HESZINTBY EFTA, WTHOREZE LT LTOEWERE o728 v
HTETHNET,

FIEE $ L7255 auditory hallucinations (2xF L CRIED H » 72 L v ) LER %
WALz EBWE Y, Z g double blind study 247> CHB Y 3, TP3 O
FTERET 5 L8RP B o2 v ) FETH D, motor threshold D 0.9 15 O i
S ITHz ORIEFRE O 8 MR L 9, 2 HEE 12 0 MR L, KO
1AM 16 2RRMT 2 LV FETH>TEY 3, FH 1287 DT, 4
FWISME VI LEVBBES A L TT>TB D, SERICHIRV S 728
WETT, ARE 2B RE Lot E, RO DIOBTIIENRDYH o
T, I5BEBEHS 52% (760 OERICH LTRSS FER L, BIER L Zviwn
FHMETY, TP3 EVIDETI & P3DOFBOMAY % 8 DF A N THEL T
WE 9, Sham HIEIEHAB IA NV EHWT, 45SEOMELZ DT TIToTHEB D &
o

1R R S VIEBI T, active FIFITIX, M #¥%->7-BD9HH
1213 sham HUEE L BT baseline O B BAERAH BT E (P<0.001) LTwF
T, REMOEARTRET L (B2), 2EFAERDDP OIRIF L o720 TY
75, 1588 % 52 %DEH (TH) TLHEBHRFHLELVITETT, 2)W)
auditory hallucinations 1Z3f L T b BEXFNEAER TH D L W HMETT,

E5I20 ) DFEUEE DI LTHRETH S L V) BETT, 14 5ER
WL TIT->TB Y., 480, 10FPBET, FHFREH4THEOEZ T,
Tl 1% 5% & (3 motor threshold @0 1.2 %, 10 Hz ORI AT E C 3 BB ORIl = 5 trains
ToTWETOT, 150 MOREIZ% Y £ 9, KBTI temporal parietal cortex
DORFT, BRY OLELZHDIE VD 2T, THLUNDOGFT ORI TIIRD
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Hallucination Change Score

@ Active
O Sham

Baseline Day 4 Day 7 End
Assessment

1

(Ralph E Hoffman et al, Arch Gen Psychiatry 2003)
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(Ralph E Hoffman et al, Arch Gen Psychiatry 2003)
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EHH L, VhOL KHERANET A2 LKL o THRY Z2UHFEIETTNE
DTHEZVPLEHENLTWET, F/2, ZOFE Y OFEREIE T RIEREE O iregu-
lar activation 2SE A I1C 72 o TWAED T, ZOEMEREMT A LIZE o Tl#H S
FTWEDTREVWPEVIEZFTT, BR3IIRLTWA T3 & C3/T5 D
SR TR D o7z ) 2 ETT,

BIEEA LT E 49 DRI L TIEERIRD S 2 5 2w id, K2ER controver-
sial ThH Y T¥, BIEDNELDDOONLE VIR 6V EFEI LV E W
FESC (THR) O T A THTBY . WELERIH T RWIRIE T,
RN [HD] LwndmLe [Hwn] v )mxXo—ifzimnl 3,

9, 9 O LT rTMS OB R A RO 5 &£\ s TiE, (TMS O R
BOERE T LT3 1 Hz LT OSEEE T A 7 < T, 3Hz 205 20 Hz D SHEEE
OFDFEDDH B & & & HTRIZ meta—analysis L72G XA ) 4, HIBGREZER 1

1 Circlediameter
0 10 Score

Fig. Topography of tinnitus reduction. The summarized scores
of tinnitus reduction after five stimulation trains at each scalp
position are coded by the diamerer of the circles. The various
sizes of the plus signs represent the standare error. Striped
circles: p < 0.05 (Wilcoxon, control positions pooled, Bonfer-
roni corvected).

(Christian Plewnia et al, Ann Neurol 2003)
3
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A OANEE ., RIEH AL WIZ ) DIFITH L CRIRESH L LI RETT, &
542, left prefrontal cortex (2 %J L T X high frequency T, right prefrontal cortex |2
%t LTI low frequency TIT 2 72 VW E VI GNP L H Y 505, HDH
LbdHh T, RIS, ECTEHEBELTORCEEORENS S &) FLo—
IR R P s S

3Hz 7% 20 Hz ORI LT, 4 7 SCHRO meta—analysis & 7 — %
D& ) £ 9, Duration 1ZB L TIx, 10 HRMOEERABIZILETI0AMED
ITMS Z A7 D EBID A HBETIZ ) DWOLBES RO 2 itk ) 4 (R
4)"%, & 51T intensity (2B LTI, resting motor threshold @ 80~90 % 9 5§\ il ik
AT 100~ 110 B DORIFEREL DO SG FEBITHE L £ 9 72 1 [0l %) Bl 5
(d, 800~ 1000 [O[ /2 H~T 1200 [0]~ 1600 [al D FI I 54 0> 5 5 BA WGBS R 4%
HHEVW)ZETTY, SERDPLMBEI > TEY TIMHEG2E) T 50

SGERSIIOCR, DANPOR, AN GRLUIMEBLALIS

Number of Patients Who Responded to Trans-
cranial Magnetic Stimulation (TMS) in Controlled Studies of
TMS for the Treatment of Depression, by Technical Param-
eters of TvMS=2

G0
wy
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&b
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]
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10 =70 8090 100—110 2800— 1200
(N=70Q) (N=69) {(N=290) (N=49) 1000 1600
Duration Intensity (N=35) (N=841)
(days) (percent of Pulses per Day

motor threshold)

2 Cumulative results of controlled studies of TMS targeting the left
prefrontal cortex in which treatment response was rigorously de-
fined (decrease in Hamiilton Depression Rating Scale score of 50% or
Hamilton Depression Rating Scale score =8) are represented.

b significant difference in response rate by duration of treatment
(x¢2=9.0, df=1, p=0.01)_

e Significant difference in response rate by intensity of stimulation
(Z=4.5, df=1. p<=0.05).

9 significant difference in response rate by number of pulses per day
(x=Z=6.2, df=1, p<0.05).

(Ari A Gershon et al, Am J Psychiatry 2003)
4
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&) OISR controversial T9 o LAL G5, 29 W) £MCRIET 5 FW
DO L THERTH B & W) BE T,

SEFEHE LT LAECT & (TMS O E OWRBEF R % i U - US4 b H
TBYFT7 MERE LAFHBICOFAREORRIPHL LV ImIPHY T L
7z Left dorsolateral prefrontal cortex (DLPFC) % motor threshold @ 0.9 & ¢ # ff
T, BIZSHB, 4 BRFHE L TWE T, 1 HIZ 1200 B ORI % T4, ECT
A FTCOME LR ULTETT, 40 fEH, D F 1) 20 EH % rTMS & ECT 1ZHR Y
ST TATV, 40 JEBID 9 % 23 B (S8 %) IR EARD b /o &L DG TT, ECT
TN — T T 1R2EFITEIRD D D, 8 FEBITIXEIRA Y <, rTMS 7V —7id 11
EBITHEID . GEF THEL Lo VIR T, HIEEOERETH
HEw)iEamTdo

FR1EHEEDOF— % TTH, ECT 7 )V — 7T Hamilton Score (HRSD) @
57— % (L, baseline 7525.5 TH o 7DD, WEMIIEGEI Ko BFEATIE 132 £
THELTWET, TMS 7 —73 244 27133 1 2KFELTEY, AEEOLE

# 1 Clinical Ratings in a Group of Patients with Major Depression Treated with
Either ECT or rTMS

ECT Group TMS Group
Baseline Week 2 End of Treatment Baseline Week 2 End of Treatment

HRSD 255+€59 159%£6.6 13.2£6.6 244439  147+£8.8 13.3+9.2
BPRS* 37059  31.2%x6.0 28.0E£35.8 33446 288%69 27.3£73
GAF 39.8+9.3 55+124  60.6+13.5 489+10.8 5831171 62.5118.8
GDR 25+6 1.2+1.0 .85+.93 24+5 1.0£1.1 9=x1.1
PSQI 122+45 83139 8.61+4.9 10.4+4.6 0.91£5.1 94x£50
MMSE  258+34 263%29 27.1£2.5 27.8+£3.0 28.0£2.1 28.0+1.8

Data are mean=+S8D.

ECT, electroconvulsive therapy ; rTMS, repetitive transcranial magnetic stimulation ;
HRSD, Hamilton Depression Rating Scale ; BPRS, Brief Psychiatric Rating Scale ; GAF,
Global Assessment of Function ; GDR, Global Depression Scale ; PSQI, Pittsburgh Sleep
Quality Index ; MMSE, Mini—Mental State Exam.

*Performed on scales with significant baseline differences

(Leon Grunhaus et al, Biol Psychiatry 2003 ; 53 : 324-331)
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EWV ) FERTE, ECT i3 convulsion ZZDORIEAN S 1) T4 D T rTMS O 5 ASIEHEE
ELTHEVRHVE W) BRI LN ERVET,

AN RS L 72 fEB CHET L £ 9 &, Hamilton Score (& ECT ¢ 9.0, TMS T
68 LIFHIIHBFLTEY, )M LTHMTHL LI Emichn 4
(®2),

5135 & o &1\ 2001 % @ meta—analysis D 7 — % T4V, 18 35X D meta—
analysis # L £ 9 &, overall T effect size i& 0.8 F£ B T, R ML sham 1l 3
KR LTHERTHA EVIMET, ZOIIIFHTHD VIO TEY
7,

—HTE, BHTHHEV)@ILHHTEY, FDORAIL sham stimulation %
B %\ Z4T o 72 double blind study TIXFIEDIFT WV E W) Z & T, & 512 meta
analysis THERITH S L V) 25D Y TTOTEALET,

6 |3, FHHEE 20 Hz (£7/5 @ dorsolateral prefrontal cortex (DLPFC) % %l L
THH., 900 FORHZ 1 HTIT-TBH T, IHZzOHED L 9 7 low fre-

5 2 Final Ratings for Responders Only*

ECT Group TMS Group

(n=12) (n=11) t CI p
HRSD 9.0+3.8 6.8+2.7 1.6 (=6, 5.1) ns
BPRS 243+3.2 224+22 15 (-5, 4.3) ns
GAF 69.31+7.4 77.2%4.1 -3.0 (-13.2,~2.5)  .006
GDR 25+.45 0+£.3 9 (-1, 4) ns
PSOQI 55+3.2 8.5+4.6 -1.7 (6.4, 4) ns
MMSE" 27.4+2.1 28.8+.7 -2 (-2.8, .1) ns

Data are mean=+ SD. ECT, electroconvulsive therapy ; rTMS, repetitive transcranial mag-
netic stimulation ; HRSD, Hamilton Depression Rating Scale ; BPRS, Brief Psychiatric Rat-
ing Scale ; GAF, Grobal Assessment of Function ; GDR, Global Depression Scale ; PSQI,
Pittsburgh Sleep Quality Index ; MMSE, Mini—Mental State Examination.

‘HRSD decreased=50% or more from baseline or HRSD =10, and the final GAS =60.

n=11.

(Leon Grunhaus et al, Biol Psychiatry 2003)
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InpivipUAL STanparpizep MEAN DirrereNncE EvFecT S12E BY STUDY

Paseual-Loone et al* {1)
Paseual-Leone et alt (2)
Geecge ot al’

Avery et al?

Klnin et oI

Loo vt al¥ b
Kimbeell v ul™ (1)
Kimbrell et a1v (2)
Padburg er al® (1)
Padburg ev at (2)
Bermaug et ™
Eachweiler eral™
George et al™ (1)
George oc af¥ (2)
Garcis-Toro ey al¥
Avery cral™
Qwerall

L I L i L s i

-1.0 05 i} 0s 10 1.5 290 25 30 35 4.0 45
Effect Size

Erroc barg indicare standaed extor of mean effect size.
Holrzheimer PE 11T, Rusto ), Avery DH. Prychopharmacology Bullerin, Vol 35. No 4. 2001.

(Paul E Holtzbeimer et al, Psychopharmacology Bulletin Autumn 2001)

X5

*
M day 1
_I_‘ T[" _||mday5

O end of treatment

20 Hz 1 Hz sham

Comparison of pre- to post-treatment HDRS scores. The HDRS scores were
significantly reduced among the 20 Hz rTMS group and sham-stimulation group
(20 Hz: day 5:t=2.58, p=0.030; end of treatment: t = 3.02; p = 0.015; sham-stim-
ulation: day 5:t=2.91, p = 0.017; end of treatment: t = 4.78; p <0.001), whereas
the improvement was not statistically significant in the 1 Hz rTMS group (t=1.48;

p =0.18). * p £0.05: *** p <0.001
(Jacqueline Hoppner et al, Eur Arch Psychiatry Clin Neurosci 2003)
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Treacmanc Control SMD (95% CI)

() ()
One weeak
Eschweller er o/, 2000 5 s 0.00 (— 1.24 o 1.249)
Garcia-Tore at af, 200 Ib 7] 11 —0.34 (— 1.19 to 0.50)
Geaargoe ct al, 1997 7 5 —0.42 (— 1.59 o 0.75)
Fnnas et al, 200§ L] 1 - —0.34 (—1.22 to 0.55)
Padberg etal, 1999 3 6 0.47 (—0.69 ro 1.62)
Total 39 37 overall affect —0.18 {~—0.64 to 0.27). P=0.4
Herarogenelty xZ, P=0.79
Onc-weok follow-up
{aftar | woeek of traatmanc)
Eschwaellar at af, 2000 s 5 —j-— 0.55 (—0.73 to 1.82)
Manes et af, 2001 10 10 ... =03 (=101 co 0.74)
Toral Is 1S overall offect - }- 0.08 (—0.64 ta 0.81), P=0.0
Heteraganalty ¥2, P=0.39
Two waaks
Avery et al, 1999 “+ 2 — —1.02 {(—2.99 to 0.94)
Berman ct al, 2000 o Lo . —1.30{—229ta —0.32)
Garela-Tara ar af, 2060 1b 1" n —ay —0.21 (—1.05to 0.63)
Garcla-Tora at af, 200 la 17 i8 —a-| —0.52 (— .20 o 0.15)
Gaorge arol, 1997 7 5 e L —0.75 (— 1.95¢0 0.45)
Georgs ctal, 2000 20 10 — —0,08 (—0,84 to 0,68)
Kimbrell acal, 1999 5 3 —_—l 0.29 {(— .16 ca 1.73)
Loo etal, 1999 9 5 — —0.57 (— .52 to 0.368)
Mosimann et al, in preparacion’ 9 2 i - 0.39 (—0.44 o 1.23)
Toral 98 77 overall affect e —0,35 (—0.66 to —0.04), P=0.03
Herterogenely X2, #=0.32
Twa-waak follow-up
(aftar 2 waeka of creatment)
Avery ecol, 1999 4 2 — 0.00 (- 1.70 to 1.70)
Garcla-Tora stal, 200 1k 1] " —0.02 (—0.86 s 0.61)
Garcfa-Toro et al, 200 la [F4 I:] —0.59 (— .27 to 0.09)
Total 2 3 overall offect —0.32 (—0.94x0 0.17). P=0.2
Heterogenaicy x2, P=0.54
T T ¥ T ¥
=10 5 s 3 10
Favour troatmant {25%Cl) Favour control

Size of effect (remission of symptoms), in the fixed-effect model, of repetitive transcra-
nial magnetic stimulation (rTMS, left localisation and high frequency), compared with sham
rTMS for depression on the Hamilton Rating Scale for Depression ; subgroup analyses by
period of time. SMD, standardised mean difference. 1. Further details available from the
authors upon request.

(Jose Luis R Martin et al, British J Psychiatry 2003)
7

quency D313 7 @ dorsolateral prefrontal cortex % FI & L. 700 [1] o F) # [0] $5 12
%0 £3 Sham FUHIL 20 He L [F] U 5efF T 4 b % 90 BRIV 72 IR T &
3", Hamilton Score (HDRS) (X, 20Hz TIXVRHEH TR A THEEICHE LD T
BOIES, 4 THZAETIRAEZROTEY) AL, sham R THHIS
PR EL O TWETFY, Self-report @ BDI T HDRS & 7] UkkZe 7 — ¥ 45 H
TEBY, TOFHNLTIE ) 2K LT sham FlB L HEREEII L, ATV E
V) FERRIC R D 9,

b ) —2id meta—analysis D7 — ¥ TH ) F LT, FEEHES L £ L7 Cockrane
study @ Dr, Martin O#5 THFANFIZEV T3, 51T 14 trials D meta—analy-
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Treatment Concrol SMD (95% CI)
() @

Cine week
Avery et of, 1999 4 2 — 0.46 (—1.30t0 2.21)

Eschweiler ecal, 2000 5 5 0.19 (— .06 to 1. 43)

Garcia-Toro et af, 200 |6 1 1 0.1 (—0.72ta 0.95)

Total 20 18 averall effact 0.18 (—0.47 10 0.82), P=0.6
Heterogeneity %%, P=0.94

Two weeks

Avery et al, 1999 4 2, 0.37 (—1.37 to 2.10)
Garcia-Toro etal, 200 1b 1 1n —0.24 (—[.0B to 0.60)
Garcia-Toro et al, 200 lo 17 18 —0.22 (—0.88 to 0.45)
George et af, 2000 20 10 —0.47 (—1.24 to 030)

Loo etal, 1999 9 9 —0.52 (— 146 to 0.43)
Mosimann et al, In preparation! 15 9 0.07 (—0.76 o 0.90)

Toral 76 59 avarall effect —0.24 (—0.58 to 0.11), P=0.18

Heterogenelty %, P=0.89

Two-week follow-up

(after 2 weeks of treatment)

Avery et al, 1999 4 2 —_—f— 0.20 (—1.51 to 1.91)
Garcia-Toro et of, 200 b n " 0,10 (—0.73 to 0.94)
Garcis-Toro et al, 200 la 17 18 —0.2) (—0.97 ta 0.46)

Toral 32 31 overall effect -—-0.05 (—0.56 to 0.43), P=0.8

Hererogenaity 2, P=0.81

T T Y T
—-10 5 lu] 5 10
Favour treatment Favour control

Size of effect (remission of symptoms), in the fixed-effect model, of repetitive transcra-
nial magnetic stimulation (rTMS, left localisation and high frequency), compared with sham
tTMS for depression on the Beck Depression Inventory ; subgroup analyses by period of
time. SMD, standardised mean difference. 1. Further details available from the authors upon
request.

(Jose Luis R Martin et al, British J Psychiatry 2003)
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