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% 1. Region of Interest (ROI) placement for
sampling for functional connectivity analysis. From
above, bilateral dorsolateral prefrontal cortex,
anterior cingulate, insula, putamen, hippocampus,

amygdala, and thalamus. - - - - - -« .. 16

1% 2. Sagittal and coronal slices showing
interaction between changes of resting state
functional connectivity during rTMS and group status
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19 3. Correlation between change in connectivity

strength and change in HAM-D score during rTMS - - 37
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&= Ao vHEA HFI7) A7) A= (Repetitive transcranial

magnetic stimulation)®] X8 &9} 7|54 & AZAA W39

fo
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W ko] AL AGA WEAIMINDE S8l AAH 238 &5
2} F 149 (active)ol Al rIMS(10Hz, 110% motor threshold,5sec per
rain,20 trains over 20 min)E &= Dorsolateral prefrontal cortex
$olol 107k A@stgom gk mwE WA 9l
7} (sham) rIMSE W 999 5 T, ofd &5 IAE9
715 QA ool #I AFE MEoR F DLPFC, AC,
hippocampus, amygdala, putamen, thalamus, insula & ¥4
F9RODe= A F oo FA ZEHClAM e MRIFARE
Algstel 91 499 TleA AAA WEE RSk, NS
Fo  HE" $=F A
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AAAAE Fa AL 4
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Al

Ao A MSS We shxpoa] ] wo| A ATt
rTMS A5o 7153 AZAAL Active rIMSTolA sham rTMST-
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H|3}o]  default mode network (DMN) ¢} frontolimbic network®ll

dajd= A2 719 A §3E, executive functions HE 3=

frontostriatal networkel] Wald= AZAAH A71Y F7F &35

IR, 75 A A2 Wzt 2 S W3 2 =5 gt A
=]

F2 E4HE do" W Aq /e, 39

Bk, ®F ol AT A, rIiS
o] Q1A 99 FAHEES ¥t frontostiratal networkE
Stk rse] makE AR o] AT
oS

=50l W A T X ok A FF A 8H WIS

A= W T, WEA BFA AR, oINS, 392 29,
7154 ¥ AZAA, AAAAHAL, default mode network, cognitive

control network
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Agat7] oEde T Jdon, A A=zaHrt fle FR U
A3 $ESOR ARws AAE T 2-15%s e AR Wl
AE IHA L= (treatment refractory depression) ©] ¥ t}.°
A 5SS Y e ¥R AEd 7 A
oF= Az i3] whEo] fl= A5-E u|gtt. ol¥ SAEd A=
e Adegs AREsted ow &3] FUF ayoer W A=
W (brain  stimulation  techniques)&  AFE3ILE.S o] 7)ol =
A7 4@ (electroconvulsive  therapy),  AF/WA7A=

(transcranial magnetic stimulation, ©]3} TMS), A== (deep
brain stimulation), ZAF7/H&%AFA= (transcranial direct
current stimulation), W|FAI7d A= (vagus nerve stimulation) 5 ©]
&3}, o]lE F, H< repetitive TMS(rTMS)S] 7-9-, ofe] t}oksh
A el 98 a2 &9E B =EEo] #HxHdoen™
H A &Holz Frgo] o ‘HAa3sk 3 7bAH] o)Ate] kR A&

Al AuR, dAAd E54d =S @A A=l oid FDA
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2 Q ofd) W74 AESES BAHANG, 2UL
W oA)ge BAs AR, 43S wd 2 sdet wde)
AAAEES BN Aoz FHAL.” A59 A7iel e
g27)= ARk, o] AFES Fy ol 1.5-3 wm Zol9 A
A

NAAEES BRAANA = Aok £F 49 1208 ol3ke] AFE

Z2F (axon)S AN = Aow FAAL. % 1Al nxE
™S o 9SS H3] A=FS 7lstr Jde H 99 2L ¥ ukgo
715 gelg 4 grk. S = A=FE 7teke 3l we, o

sk ol A=S 3 WHo| 7}slE single—pulse TMS, 7H4S F11 #S
o]F =< 7}lE paired-pulse TMS, 3 wWHol ofg] el wHiE-A
7}8t= repetitive TMS (©]3F rTMS) & v th. rTMS &=

=
A AAEG Azl AFEE = WHeR O gITF A SH o] AH2

T 7MA7E ek AFEe

(=1Hz) & 2595 ClHz)= vy sd F 7HA Faas e
gtk w3, NS 7 RElAlE WE o Foupe] wiEd &
1% 2o g wle 28-S YEhgE o® G At ? rISE
Tasege] A 25 AA
Al AgFet AuAb 7ol

.
$2F0 FhHE £AS B

N

3] A (left prefrontal cortex)]
el A F5 WA e A

AN Hekste] A% AAT
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e ®we dATES o d9s LFHsER @A4A7IE b
FHEt. AR 7ol AE '&H}E ot Heol F85HA
Zhg8kal, Loo 5 25 A8 td a¥rt Ads A4 fvke AT
A=S Bx . 2007de EEH Gross 5o Aol ospH | 25
kel rMSE AlddY JFATEZHE depression XE ¥t
S THEHALD o)F A® 7|z g IS ATES
A H o= 25 (10-15 sessions)E A &3} T).

3. & Mg AFAATIASES] A5 &ast 1A

RHEA AN AIAsE (NS ol & -2 a kel tEk 28 719

W ARl ZIdel @ gt @Al ATt

AWFATh, IS o Fe] He] Eohyl B wlobule Ay F7h

GABAnergic system®] W3} 7 ¥ A7) g delA w2A o
GRS FREMeEE Al Hul MEY syl
FEAAS W Tl @t maHddnh. gy 4] dFES

B4 A5 AASER A dede ddA wsia
olAA L glom ofH e rTNSe| ¥ & JIel g 7AH 71HS
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A (functional connectivity)ell gk A7}
gatslth M ol MR o AAAEA e Abold #EH
AwAdolgtar Ad Aod = dv. olAE T|Ee 7]
w273 A (functional magnetic resonance imaging, ©]3F fMRI)
Aobs g, AwE FAE FoAA A G AEHANA T2 AE Y
HE Fgste] 34 AAY s ATt slolth. F4 A
E<F 9] BOLD (Blood Oxygenation Level Dependent) Al&. 7} 0.01¢1 4]
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T8 @
54 HAE #RA A Gt 5H AAYL 4T FE
QAR FA el dAYe BARE AL FAHom Ey

=
Alzo] sl A|ZH4 A4 (temporal synchrony) =2 A4S

el ol o RAWMYME 0444 Afelq 54 J)E

HAAet vd Aol uF 7Aool o A Had wmp

T3 AL TFAH  AAAMd gk AF= olH7HA
AAE A vy, dF AFE= 74 AddAo] A dxd Ry
S ASS Hasta Qa, dE= AAHJAY 2 Hadkt). Kenny

al
52 vAd el (caudate head)E seedZ Ao} e J Y3t
7154 dAdE dFergled, 1 A3 A5 (precentral,
subgyral, middle frontal, paracentral lobule), sublobar (thalamus
and insula), YA (cingulate), FAHY (postcentral gyrus,
inferior parietal lobule, supramarginal gyrus), 5% (superior
temporal gyrus) °lAe] 7154 AAFo] FT7HEA S Bt ”
A | pregenual anterior cingulate cortex (©]3} ACC), dorsomedial

thalamus, pallidostriatum, amygdala & seed® 3d}o] $-&Fol A9
7



7154 Ade ol s dolHgd FUE AFto| A& pregenual ACC
¢} dorsomedial thalamus, amygdala, left pallidostriatum® = 9]
71 AAAe] HAARFHASS o T FAE dorsal
ACC®} dorsolateral prefrontal cortex (©]3} DLPFC) Ale]e] 7|54
A4S A B=HE dToAE F Y Alele] 7 AAA o
of ws FAaFel AAG.F A §

A LF S 329, g A xR 48 o] AC, DLPFC,

il

g

0%,
o

H]

AW

putamen, thalamus, amygdala, hippocampus, insula © 3 t}h& ¥
7] F2A AH 7eAH dAAS #EI EuE dFdAE
g2} =9] prefrontal-limbic-thalamic circuit® 7]5% ZA37}t
AaEel Ao, dXAY SE&EF AAEY AF HAAdF G997
Aol o] 715 A AAAe] 53] EdE ATt wE A e?
wehA, 2 AFM e dXAY 2S5 A=A LFIT] rINISE
%= DLPFCOl 10 2+ Al&star A3 AFol {2 el fMRI HAHE
At rINS7F 7153 AEAS o9 WSIANT|=AE BUkeE
of HAoltf. Ad A5l AAJAAANE AWt 7]TH
de] Wsrh ol| QAT FHEds THA=A HIbekit
o] 7t4& floF EdE FAs] fste] AT I IS =
%3 (active group) 7F#F rIMS £ W= I (sham

group) &2 o] F3stact.

> o
ooy

e
rl

NP 2y FaE B AP A F gbo] oAl A8 AA
WHeA]  (Mini International Neuropsychiatric Interviews, ©]3}
MIND) & 7HAa wWaste] d34 & Fof 9 Fo9-e43=2
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ojfell syt XetE B, rINS ARE AW HAHOom A4Sk
654 o]l HEAAA A= =y bolFaFE HAF MSE-K)* S
Aldgeto] 247 miwkolAY A& 1A Aol e v]Eel st A9

CEET-ER

HNPAES BF FEARES W A, oFRel 9¥e Ham
7] fistel B4 W FAdS go] D T ofg) ST fEe)
AWEFE A B wAAGY. BE AT AL A7)
Aede EFelel mobEgon, 4 sjngeelnne] £

wol A, WE APANA Al BHR @Y L A%
S

F= 7 riSE e o ee AWsislen A9 Ut

2)
WA A7) A7 A (rIMS)2  Magstim Super Rapid stimulator
(Magstim Co., UK)= co]&3stitt. A #A AAdAA 5= A
£=712Fe] abductor pollicis brevis site? F#]7] % 99X (resting
motor threshold)E F73dlo] o]& o]&sto] 2= DLPFCOl 10 Hz=
resting motor threshold®] 110%¢] == rTMSES 7}38}9itt. o] o=
Wassermann “s©] 19961 A& <k 7]+& wskth (5 sec trains, 20
trains over 10 min).”" Active rTMSE %= 153 sham rTMS(HHZET)E

WE IFe FAAR Agsdon, Prhg v dTAs ds
AeelA A7 Aas.
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Ao}, A& Al A5 HAF (Wechsler Adult Intelligence
Scale)®] &AM T dputelm EHFe AE ¥R we 9%
AAbolw miz wel %-7]= Al AERE oby AE7bA o] uwheh
o7 HAZ FAH e AFE wet 997 F A
olg A 7tA o] HAR FAE ] Aot wR weh o] 9]} AFE
et 9]9-7e]l 54 A4E FAA S Aste] Hrlete=d v
et o9 BvE AR wet 997 FA7E 7|2 A HEA oS
Ao 48z ok, & AFdAE AFE w997
Al =, AR R ER A
ZAE EYTT. BAbA deog ANE 2AE EHEEEE
{g, s voloh sheel whep BARE Sk HgE o] &3
2) Digit symbol: AlZ-&& @5, A4H =43, Ad 719,

[e) 2~ =
AZb-85 £E25

ke,

Al

d
rol

%
=

il

<

\G

ot Azd 4 A A a3 F

=

il

sttzA Al AP el Agtstar wEA

Fostsle Aot wAE tdd Hae ASske WEY
AArolt. Al A= vpol s} st o whe} ghibgit,

3) Stroop test®: o] FHAME AEA Fole "l Fol¥ FA FTHE
B7rdek. 5078 ©ofol thE) A gells =4S e 2z gled
Ha(e=, B, 25, 93 dsols A" A2 =49
ou7t EdAsE wolol il AAl ov= FAlskal QlHE AS
= AA S dAkeltt (d, 'dEolThs A xRN0
)

L ZEF AAeIA WA PAI ) whgAlghelth,



. 71 A7 eH g AA MR 29

fMRI <& 1.5T MRI #H|(Sigma Eclipse, GE Medical System)=

5 o=, @xse] #AA T AAUA=H A el Qe

Functional image data:= EPI sequence (Gradient Echo)® =
Wek(axial ) 2.2 AT (matrix: 64X 64X 30, &3l %E: 3.75X3.75
X omm TR: 2 2, TE: 22ms, Filed of view: 240 mm, <2}l F7]: 5mm,
FA = 90° , axial slices: 30). ©=°x 1A% anatomical
datasetS 97] 93} fast spoiled gradient echo sequence® scan<
A1 83 THTR = 85ms, TE = 18ms, flip angle = 12° , filed of view
= 240mm, 256 X 256 X 256 matrix with 0.94 X 0.94 X1 .5mm spatial

resolution, 116 axial slices, &€@to]l2~ F7: 1.5mm).

N

b & S B AAJAAA A 74

rINS o] ZE dolie dAF 45 WMeEs HAFD s ki,
2Fkt}. Active group ¥} sham

group Abolell rTMS 9o @ I}e] Xfol7t &=X] dolH ] 9ste], ol&

o3t B4 Wi APAALA A%

12



FEWSS e e S oF HaRA ES 53

T== 3}t}t. Active group ¥ sham group 3+e]l o1&}

ﬁo]c’ﬂ @ Wl group t-test® T3 @%—s}};
S

PSS version 18 for Windows (IBM, NY)& o

Oll
o
x2
o

. A A A3 4

fMRI 23 259 #2418 AFNI(Analysis of Functional NeuroImages,®
Ver. 2011.05_26_1457)% °l&sIlth. fMRI Holgje] A2 #A=
g5 ol Feekgltt. WA EPIYA dlolEl& 32k volume
dataseto 2 FAJSF 3 BOLD A&7} <kAE7] Al AL A

Hol TR time o dFst= dlolH & ARt DA time-series
volume®]] o 3l A &eho] 9] timing correction ¥ motion
corrections RE EHolAE U= Algsisitt. 7zt 39
Bl e IHQIAE glefar AP AREe] HFHAE AFESH
A= =elolel #E  (Talairach space)™9t  #e  F5%

SRt EAC kol FFEsteloF gtk o]E 9SiA AFNI
AIZEQ oo A #|F3F= Montreal Neurological Institute (©]3}
MNI)  152T1  templates  ©]-&3le] &3t4  #+3  (Spatial
Normalization)& Algelqlet. EE  F3 &9 (voxel) & AF
BZFH  (linear interpolation) © 293 2 X 2 X 2 mm ZA7|=
resampling ¥ Ak, #2e] ¥ HA dFWsid 359 SAS
HEd3h= nuisance 21& AAE &4 T1 dlo]HE o] &3t large
ventricle (LV) mask®} white matter(WM) mask 2 whole brain maske&
TS Z} maskE ARESle] LV A& WM Al 2 Global AEE
F= %, IMRI HelHERFH o5 4ls 3 w7 A<l sfidst=
AEE TR AAs . o] FWHM (full-width at half
maximum)S 6 mm= ofe] FZHH HEsE (Spatial Smoothing)E
Al&Yskolom o] % AJ7HA band-pass filtering (0.01 - 0.08 Hz)&
13

vy



g o g, 715A A4 A4S NS seedZE FFH DLPFC, AC,
hippocampus, amygdala, putamen, thalamus, insula = %3} o
JAIL o]z AFo| Ao} mEEZFR]E Wake Forest University PickAtlasE
ZtA 3 Aottt (Figure 1. *# 32 AAE=Z 7 seed FAelA
time-seriesE FE3oko] Hirste] A4S seed reference time series &
AT}, 502 seed reference time series®t HA| g3} A3
TAE T 7 seed FHl oigk JHQIE 7]eA A

A% (functional connectivity map)= T 3TF. E3l, 2223 =
seed oA ¥o]Z connectivity map = HtsFe] bilateral seeds 9]
functional connectivity map = 3}k, ol2A A T3z
7154 924 A% (functional connectivity map)e] A¥AS #he
nomalityS 2H3}7] ¢34 Fisher’ s r-to-z W F2o] ulz}

g

st ZF seed G NS VTR AEA HelHE
ggslo]  Igdx AAY rS Ald A 7ed dAAd ARE
O 2 one-sample t-test & Al&3sto], ZF seed FHol sk

9§ 154 94 ASE vk =% (IS AGAs Fo

7154 AAA e WHIE dotr 7] YA paired-sample t-test =

A AHsskzl fla wHE
o, A= IS A H HAD 355 &
BA Ay gAe oF vlue EAE dAdst7] Y family-wise
correction HHS E3 corrected P<0.05 ¢ 9 £+ 7|FoR
A&ttt A BAS #ISiA 7 seed YO 1F AF/EFH
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FolatA vEhd J9ES ROIs®E AHdtar olE ROIGNA HPAdz
seed 9937 ROI 995 o] #HA 7154 AZA Al7] (averaged
functional  connectivity strength)S W3 7|53 d4A
A% (transformed functional connectivity map)Z5-H F&3}T}.
olgA FET 7 HIAAEY 7IeH A4 AVlet & 49

o
HEdS Gotrr] 9kl A 245 AlAsISiT. o] "l A,

(

m. 2z

1. @Ak A Q1384 A4 54

E&5S TA3E 28Wo] A Folo F3A a4y, ols F

oo Wg Ay F2 -8 A3l ddEelA] e AHow iy o

Ao ALEA 182 rTMS 13] Ad & FE5S s4h30H A
U

IS & AHHoZ 109 & w5 F g H
AL (. A=, EAol+= 1492 active group ¥ 98] sham
group ] HIoJE7} E3HE At

A= AR 54 B oA 54 Table 13 .
o], A, Ax 7Igbel = Aelrb glov wS 7|t v
Frolgk zpolE HT. Eu, AABAAAA A

2ARBA 7 e 2wH Am A5 FdeAE e aEt
zlol= Holx] gkom™ x| Rey auditory verbal learning test =
S8 AR 7]19-3]4F (F(1,20) = 5.420, P = 0.031)3} A24S 9&=
2EF A 4% (F(1,19) = 5.851, P = 0.026)° ofaix"t AA

15



Figure 1. Region of Interest (ROI) placement for sampling for
functional connectivity analysis. From above, bilateral
dorsolateral prefrontal cortex, anterior cingulate, insula, putamen,

hippocampus, amygdala, and thalamus.
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Tablel. Sociodemographic data and clinical characteristics 1in
patients with major depressive disorder

Active Sham

(N=14) (N=9) P
Age, meanxSD 43+ 18 52+30 0.248
Male, number 4 1 0.322
Family history, number 5 1 0.137
Education, mean=®SD 13+3 9+3 0.011
Duration of treatment ¢ 74499 ¢ 94149 0.541
(years)

e Ao ok B4 4 A3, HAD Ael &k I35 ads

FolabA &l rIMS A Fo] HADE =43 & AEE A7
web f9)8k xfo]E ®Yth (F=86.0, P<0.001). =3, =4 A713}
5 Atole]l AsAELE folsk oY, =, oactive rIMS =
HES. &zl o A sham rIMS & W 3A}HT O] B 23549

17



Table 2. A comparison of changes 1in depressive symptoms and

neuropsychological performance after treatment

P
Baseline After (time X
treatment
type)

Active 24.5+6.3 10.8+4.4
HAYD Sham  19.144.0 14.4+3.4  0.001

. Active 12.1+1.9 12.6+2.1
Digit span Sham  11.041.2 10.8+2.3 -1

. Active 10.5%+2.7 10.9+2.6
Digit symbol Sham  10.6+2.2 10.8+2.9 0719

Active 35.1421.9 33.6+21.8
Stroop_vord, sec Sham  43.4+18.2 39.0415.0 0007

ot . Active 68.5£36.3 50.5%£26.9 o
O0P_COZOT, S€C qpam  75.3434.7 59.9428.9 '

Active 10.6+2.6 11.4+3.3
AVLT_recall Sham  10.5+2.1 11.8%3.5 0.601

. Active 11.043.0 11.4+3.3
AVLT_recognition Sham  10.3+2.0 11.3+3.2 0909

HAMD, Hamilton Depression Inventory; AVLT, Auditory Verbal Learning
Test

2. 7154 44 dely &4 23

7}. One-sample t-test A3}

riS & Aldshr] A, HdAt 2398 S do2 AlEE 7]
Ao thgk one-sample t-test Z¥}= Table 33 #t},
v 2t 25 IS Al dS Ay vl

Table 4%} Table 5+ active 2 sham group ©lA1e] rIMS Z$-©

7154 AAAde WMEE vwsk Aolt}. Active group oAE left

olr

SRR

=

AC®} right thalamus, right inferior parietal lobule, right
hippocampus ¢} right inferior temporal gyrus, bilateral putamen¥}

left superior parietal lobule, thalamus =& oA A7}

18



rTMS ©]% Z7}étgdct. 3, sham groupolA]& DLPFC ¢} superior

temporal gyrus® 7|52 dAAe] rIMS o]% A3t
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Table 3. One sample t-test result in patients with major depressive disorder (N=23)

Seed Connected region Coordinates™ Cluster size T mean
(x, v, z) (voxel)

Amygdala (L) Subcallosal Gyrus (R) 18, 6, -14 167 4.2424
Superior Temporal Gyrus (R) 42, 8, -10 61 4.0091

Superior Frontal Gyrus (L) -30, 46, 30 55 -4.0773

Cerebellum (R) 46, -68, -24 43 -4.2975

Cingulate Gyrus (R) 4, 14, 40 42 -4,1781

Superior Frontal Gyrus (R) 38, 38, 30 38 -4.2875

Amygdala (R) Cerebellum (R) 32, -88, -20 337 -4.4078
Superior Frontal Gyrus (L) -18, 48, 36 172 -4.4986

Cerebellum (R) 48, -66, —22 133 -4 .4716

Amygdala (L) -26, 0, -12 114 4.2092

Inferior Frontal Gyrus (L) -40, 22, -16 82 4.3758

Cerebellum (L) =32, 82, —24 46 -4.1019

Middle Frontal Gyrus (R) 22, 66, 20 42 -4.,1892

Paracentral Lobule (R) 2, -44, 62 42 -4.3053
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Amygdala (B) Cerebellum (R) 40, -80, —28 247 -4.3067
Cerebellum (R) 46, -66, -24 175 -4.6673
Superior Frontal Gyrus (L) -8, 60, 34 168 -4.5415
Cerebellum (L) -26, 68, -32 114 -4.161
Cerebellum (L) -32, —82, —24 88 -4.1669
Middle Frontal Gyrus (R) 44, 50, -6 70 -4,3188
Postcentral Gyrus (R) 4, -42, 64 52 -4.2738
Fusiform Gyrus (R) 28, -92, -18 47 -4.0727
Anterior cingulate (L) Cuneus (R) 4, -88,24 166 -4.2867
Lingual Gyrus (R) 0, -92, 4 94 -4 . 1887
Cerebellum (L) =34, =76, -22 64 -4.3991
Cerebellum (L) -2, -80, -28 56 -4.452
Cerebellum (L) -30, -60, —44 51 -4.3259
Anterior cingulate (B) Cuneus (L) -8, -88, 32 101 -4.,2566
Cerebellum (R) 8, -76, —28 72 -4.3482
Cerebellum (L) -30, -64, —46 45 -4.2201
Cerebellum (L) =34, =76, -22 43 -4.3671
Lingual Gyrus (L) -10, -90, -2 37 -3.9899
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DLPFC (L)

Inferior Frontal Gyrus (L)
Cerebellum (R)

Cerebellum (R)

Superior Temporal Gyrus (R)
Caudate (R)

Superior Temporal Gyrus (R)
Insula (R)

Superior Frontal Gyrus (L)
Putamen (L)

Medial Frontal Gyrus (R)
Cerebellum (L)

Cerebellum (R)

Posterior Cingulate (R)
Middle Frontal Gyrus (R)
Superior Frontal Gyrus (R)
Subcallosal Gyrus (R)

-34, 14, -14
30, =80, -40
8, —40, -8
30, 10, -22
28, —44, 12
44, 8, -8
36, —22, 12
-4, 14, 48
=22, 12, 10
14, 26, 40
-6, -42, -10
12, =26, -22
14, -52, 14
22, 62, 18
36, 20, 48
14, 6, -14

551
222
182
166
99
95
80
80
69
o6
47
44
43
41
39
38

-4.6522
4.4884
—4.4587
-4.3521
—4.1488
-4.5785
-4.0403
4.6696
4.2076
4.3586
-4.4898
-4.2537
—4.2541
4.1635
4.0478
-4.22
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DLPFC (R) Posterior Cingulate (R) 12, -64, 16 161 -4.0682
Inferior Frontal Gyrus (L) -40, 14, -18 159 -4.3261
Middle Frontal Gyrus (L) -38, 46, 26 111 4.5492
Cerebellum (R) 6, -44, -4 74 -4.641
Posterior Cingulate (L) -12, -54, 6 69 -4.2963
Inferior Parietal Lobule (R) 56, 44, 46 62 4.5555
Insula (R) (STG) 40, -22, 8 59 -4 .5177
Insula (L) -44, -12, -2 54 -4.2575
Cerebellum (L) -4, -82, -32 52 4.5846
Superior Temporal Gyrus (R) 46, -8, -2 47 -4.0531
Middle Temporal Gyrus (L) -50, -10, -12 42 -4.1504
Superior Temporal Gyrus (L) -48, 2, -2 41 -4.1932

DLPFC (B) Inferior Frontal Gyrus (L) -38, 16, -14 732 -4.7308
Insula (R) 40, -22, 10 280 -4.3613
Posterior Cingulate (R) 2, -52, 14 162 -4.1009
Parahippocampal Gyrus (R) 22, =26, -10 141 -4.2141
Cerebellum (R) 38, =72, -42 120 4. 3857
Cerebellum (R) 6, 42, -6 108 -4.6063
Superior Temporal Gyrus (R) 44, 4, -8 88 -4.3432
Superior Temporal Gyrus (R) 34, 20, -26 78 -4.1724
Cerebellum (L) -2, -86, -30 61 4.6488
Cerebellum (L) -4, 42, -10 59 -4.,1907
Caudate (R) 28, -44, 12 55 -4.072
Superior Temporal Gyrus (R) 44, -56, 18 41 -4.0655
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Hippocampus (L) Inferior Frontal Gyrus (R) 40, 18, -12 273 4.2682
Cerebellum (L) =24, -80, -26 111 -4.4627
Cerebellum (R) 22, =76, -26 93 -4.2564
Parahippocampal Gyrus (R) 24, =22, -10 79 4.1025
Cerebellum (R) 10, -44, -6 51 4.1229
Parahippocampal Gyrus (L) -12, -50, 4 45 4.1871
Medial Frontal Gyrus (L) -6, 14, -16 38 4.06

Hippocampus (R) Parahippocampal Gyrus (L) -16, -6, -14 232 4.3619
Medial Frontal Gyrus (L) -4, -10, 72 92 -4.0039
Middle Frontal Gyrus (L) -44 ., 22, 28 81 -4.2774
Inferior Parietal Lobule (L) -58, -38, 28 78 -4.27
Precuneus (R) 6, -78, 38 75 -4 .3268
Fusiform Gyrus (R) 28, =92, -18 53 -4.2564
Cerebellum (L) =32, -84, -24 52 -4 .3662
Superior Temporal Gyrus (R) 54, =20, -2 41 3.9464
Cuneus (L) -10, -82, 34 41 -4.3784

Hippocampus (B) Cerebellum (L) -32, -86, -22 173 -4.358
Middle Frontal Gyrus (R) 40, 46, 4 112 -4.1764
Cerebellum (R) 32, -82, -28 102 -4.2972
Fusiform Gyrus (R) 22, =94, -18 75 -4.4305
Superior Frontal Gyrus (R) 14, 4, 70 67 -4.0615
Anterior Cingulate (L) 0, 18, 12 49 -4,2592
Lingual Gyrus (L) -14, -54, 4 46 4.2034
Cingulate Gyrus (R) 6, 22, 38 42 -4.0339

24



Insula (L)

Cerebellum (L)

Insula (R)
Caudate (R)

Superior Frontal Gyrus (R)
Superior Frontal Gyrus (L)
Middle Frontal Gyrus (R)
Medial Frontal Gyrus (R)

Precuneus (R)

Superior Frontal Gyrus (L)
Superior Frontal Gyrus (R)

Cerebellum (R)

Middle Frontal Gyrus
Medial Frontal Gyrus
Medial Frontal Gyrus
Medial Frontal Gyrus
Cingulate Gyrus (L)

(R)
(L)
(R)
(R)

Parahippocampal Gyrus (L)

Cerebellum (R)

Superior Frontal Gyrus (R)

Thalamus (L)

-30, =74, -36
42, 6, -4
8, 14, 10
16, 52, 42

-20, 66, 14
42,26, 44
4, =22, 72
2, —68, 38
-28, 60, 4
10, 66, 14

14, -26, -18
38, 60, -8
-4, 50, 36
6, 48, 26
12, 42, 10

22, -34, 26
-2, =34, 6

2, =62, =30
16, 70, —4
0, -28, 14

1775
1557
481
205
197
158
157
1565
90
89
84
78
67
61
03
o0
44
43
43
41

-4.691
4.5967
-4.5157
—4.5883
—4.4984
-4.3035
-4.1839
—4.2376
-4.6698
—4.4426
4.383
-4.5718
-4.1207
-4.3029
—4.3559
4.0278
-4.1392
—4.0948
-4.0607
-4.0976
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Insula (R)

Insula (L)

Cerebellum (R)

Cerebellum (L)

Superior Frontal Gyrus (R)
Cerebellum (R)

Cerebellum (L)

Superior Frontal Gyrus (L)
Fusiform Gyrus (R)
Cingulate Gyrus (L)
Cerebellum (L)

Cingulate Gyrus (L)
Superior Frontal Gyrus (L)
Middle Frontal Gyrus (L)
Cerebellum (L)

Medial Frontal Gyrus (R)
Superior Frontal Gyrus (L)

-42, -6, -6
42, =70, -42
-8, -78, —40
20, 70, -6
14, -80, -32
-20, -78, -16
-14, 52, 40
50, -60, -16
=20, -40, 24
-32, 68, -32
-10,-6, 24
-20, 66, 8
-44, 18, 44
-38, -72, 22
0, 24, -14
-28, 60, 4

1022
215
210
205
184
178
161
150
75
74
73
67
o4
03
ol
49

4.6124
-4.2514
-4.357
-4.3171
-4.3341
-4.4199
—4.4784
-4.2631
4.3013
-4.1534
4.268
-4.1564
-4.361
-4.0256
4.2794
-4.2533
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Insula (B) Cerebellum (R) 12, -80, -32 1162 -4.5522
Cerebellum (L) -30, =72, -36 546 -4 .4042
Cerebellum (L) =24, -74, -18 375 -4.271
Superior Frontal Gyrus (R) 20, 70, -4 316 -4.3931
Superior Frontal Gyrus (L) -20, 66, 16 308 -4.6308
Caudate (R) 8, 12, 10 276 -4.2165
Cerebellum (R) 56, -52, —22 221 -4.4213
Precuneus (R) 6, =50, 30 200 -4.269
Superior Frontal Gyrus (L) -14, 52, 40 183 -4,3742
Middle Frontal Gyrus (L) -42, 18, 44 127 -4.2278
Superior Frontal Gyrus (R) 22, 50, 40 109 -4.3781
Medial Frontal Gyrus (R) 2, —24, 66 109 -4.0231
Cingulate Gyrus (L) -22, -34, 26 107 4.2212
Cerebellum (R) 12, -24, -18 103 4.2922
Cingulate Gyrus (L) -10, 2, 30 68 4.1945
Parahippocampal Gyrus (L) -2, =34, 6 57 -4.1972
Subcallosal Gyrus (R) 0, 22, -12 51 4.1049
Middle Frontal Gyrus (R) 46, 24, 38 5147 -4.1338
Medial Frontal Gyrus (R) 4, 48, 24 -4.,5358
Putamen (L) Cuneus (R) 4, -98, 2 179 -4.772
Putamen (R) 22, 6, -6 163 4.2512
Precuneus (R) 4, =74, 50 52 -4.497
Posterior Cingulate (R) 2, -48, 14 37 -4.4702
Putamen (R) Putamen (L) -18, 6, -6 39 4.0539
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Putamen (B) Precuneus (R) 4, =70, 50 209 -4.5539
Postcentral Gyrus (L) -26, -26, 40 76 -4.1766
Cuneus (R) 6, 98, 0 63 -4.7188
Cerebellum (R) 26, -80, -26 40 -4.1252

Thalamus (L) Insula (R) 48, -4, 4 361 -4.4726
Superior Temporal Gyrus (L) -44, =20, 6 200 -4.3747
Cingulate Gyrus (L) =20, -32, 28 155 -4.703
Cingulate Gyrus (R) 8, -6, 28 72 -4.2663
Putamen (L) =22, 20, 4 68 4.238
Anterior Cingulate (R) 2, 20, -12 60 -4.1674
Superior Frontal Gyrus (L) -12,-14, 64 42 4.325

Thalamus (R) Insula (L) -44, -8, -2 310 -4.6203
Cingulate Gyrus (R) 16, -10, 36 205 -4.5162
Superior Temporal Gyrus (R) 48, -2, -6 111 -4.3405
Insula (R) 26, -38, 24 64 -4 . 4882
Cingulate Gyrus (L) -20, -34, 30 49 -4.4066
Cerebellum (L) -18, -42, -12 47 -4.,2733
Caudate (L) =24, -42, 16 46 -4.2801
Parahippocampal Gyrus (R) 20, -28, -10 45 -4.3707
Cingulate Gyrus (L) -10, -4, 28 40 -4.,2827
Cingulate Gyrus (R) 10, 6, 28 39 -4.2332
Inferior Temporal Gyrus (L) -34, -8, -40 37 4.5806
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Thalamus (B) Cingulate Gyrus (R) 24, -38, 24 418 -4.6519

Superior Temporal Gyrus (R) 46, -2, -8 362 -4 .5324
Insula (L) -42, -4, -6 341 -4 .6584
Cingulate Gyrus (L) -20, -32, 28 142 -4.8458
Cerebellum (R) 20, -38, -18 78 -4.1882
Cingulate Gyrus (L) -10, -6, 26 65 -4.2827
Medial Frontal Gyrus (L) -4, 14, -16 53 -4.0989
Putamen (R) 22, 12, 4 53 4.1185
Inferior Temporal Gyrus (L) -52, -60, -10 38 4.3949
Caudate (L) =24, -42, 18 37 -4.1726

* L, left; R, right; B, Bilateral; DLPFC: dorsolateral prefrontal cortex. **Talairach coordinates were

used.
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Table 4. Changes of functional connectivity in active rIMS group

Seed Connected region Coordinates™ Cluster size T mean

(x, vy, z) (voxel)
Anterior Cingulate (L) Thalamus (R) 24, =22, 8§ 47 -5.4399
Inferior Parietal Lobule (R) 44 -38, 44 39 -4 .6767
Hippocampus (R) Inferior Temporal Gyrus (R) 60, -60, -4 51 -4.,9732
Putamen (B) Superior Parietal Lobule (L) 10, =70, 58 48 -5.0252
Thalamus (R) 8, -14, 2 39 -5.0067

* L, left; R, right; B, Bilateral; DLPFC: dorsolateral prefrontal cortex. #*Talairach coordinates were

used.

Table 5. Changes of functional connectivity in sham rTMS group

Seed Connected region Coordinates™ Cluster size T mean
(x, v, z) (voxel)

DLPFC (R) Superior Temporal Gyrus (R) 58, 42, 20 52 7.2305

Superior Temporal Gyrus (R) 28, 14, -32 51 6.1199

* L, left; R, right; B, Bilateral; DLPFC: dorsolateral prefrontal cortex. #**Talairach coordinates were

used.
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Table 6. A comparison of changes in functional connectivity between active and sham group

Seed Connected region Coordinates™ Cluster size T mean
(x, v, z) (voxel)

Anterior cingulate (L) Precuneus (L) -2, -54, 66 54 4.3473
DLPFC (B) Uncus (L) -20, 6, -38 50 -4.1106
Caudate (L) -14, 12, 16 47 -4.3033

Hippocampus (R) Cerebellum (R) 44, -74, -28 221 4 .8469
Uncus (L) =24, 6, -38 40 4 4748

Hippocampus (B) Cerebellum (R) 42, -80, -18 49 4.6463
Insula (R) Superior Temporal Gyrus (L) -28, 14, -34 54 4.3566
Thalamus (L) Parahippocampal Gyrus (L) -34, -34, -10 38 4.612

* L, left; R, right; B, Bilateral; DLPFC: dorsolateral prefrontal cortex. #**Talairach coordinates were

used.
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| Table 7. Correlation of functional connectivity with neurocognitive performance

1st Rec  2nd Rec Ist digit 2nd digit 2nd digit 2nd

span span symbol stroop_co
lor
Pre DL (B) - Uncus (L) 0.484x
Pre Hipp (R) - Uncus (L) -0.479%
Post DL (B) - Caudate (L) -0.511%
Post Hipp (B) - Cbll (R) 0.480%
Post Thal (L) - Parahipp (L) —0.603%:*
Delta Hipp (R) - Uncus (L) -0.488%
Delta Hipp (B) - Cbll (R) 0.512%

*P<0.05; =P <0.01, L, left; R, right; B, Bilateral; AC, anterior cingulate; Postcentral, postcentral
gyrus; DL, dorsolateral prefrontal gyrus; Cbll, cerebellum, Hipp, hippocampus, Thal, thalamus; Parahipp,
parahippocampal gyrus; Rec, standardized score of recognition performance fromRey auditory verbal learning

test.
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Pre:connectivity strength before rTMS, Post:connectivity strength after rIMS, delta:differences between

post and pre connectivity
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. rINS M50 715 A A Wste] tid Rk W

e =Ao) o)3l HAF HA1S o] 83} active group ¥ sham group
o rIMS A%-¢] 7154 9444 W3tE vlueiet. o] wf, rINS A3
Ao HAeEsE FHdler FAEsd. B4 A, left AC,
bilateral DLPFC, right hippocampus, bilateral hippocampus, right
Insula, bilateral insula, right thalamus ©°|A¢] t}& o du}e]
ZIsH v A e s s Ald A 7o
A5 A8S 7h5 T (Table 6). =, left AC®}F left precuneus 2}9]
71554 AAA Y A7, active group oA = rIMS A8 o] F S7he
Bk - sham group oA+ A4S T (Figure 2). Right hippocampus
9} right cerebellum % left uncus ¢+¢] AZAA, 123l bilateral
hippocampus ¢} right cerebellum #2] A2 right insula 9} left
superior temporal gyrus 99l A, 183l left thalamus ¢} left
parahippocampus ¢ 447 Al7] SA] active group A= S7F,
sham group oA+ #4& IEHE WY, A bilateral DLPFC ¢}
left uncus 2 left caudate ©}e] AZAA A|7]= active group oA+

1

rTMS ©]% 7Z+4E ) sham group oA &= =71 dHS H ).

2h rIMS A5-9] 753 AAA Wstel & S WEkete] A
Active 1w rIMS A3 A5 Alo]o] A52gS HAW 95 <,
rTMS A%9] left AC ¢} left precuneus Abo]e] AAA Al7] ¥H3I},
right hippocampus ¢} right cerebellum 2 left uncus®] 244 A7
WM}, 12]3l bilateral hippocampus ¢} right cerebellum ¢ 124
A7l WMsts & Ao Wstel 4o AaaAE hEY (42 r =
0.497, P =0.036; r = 0.558, P =0.016; r = 0.682, P = 0.002; r
0.458, P = 0.037). =, ol FglAM IS A5 753 d244
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Al71el WL 295 & dAasE gol #Aasdu (Figure 3).
, bilateral DLPFC ¢} left uncus % left caudate ¢ AZAA 9]
, IS 5 7152 Q449 A77 &Aeas v 27
Fith (r=-0.617, P=0.006; r = -0.482, P =0.043). F3 o|&
ANA rIMS A5 7eHd AZA A7IY WL s ¢

7} ol A3 (r=-0.795, P<0.001; r =-0.573, P=0.013).

ol
r‘l

oM,

-

wol

i

b

o2
XN 2 B o
Ol

i

vh. rINS H$-o] V15 A A wistel AARIAV 5] A

IS Al A 8 AFE FHdes o AAJAT|TH
RS AldS A3, rTMS A3 left AC®} left precuneus ¢
AZZL IS A Sl AEEE TIo-AQl Aok {fog
FHRBAE 7HHT (r=0.481, P=0.043; Table 7). =, rIMS A& %
| 4ol AAdAel A77F F45 719-AA S ZEn.

w3k, bilateral hippocampus ¢} right cerebellum® “4<%-, rTMS

o

o

Al SAT ddAe A7 S5, IS Al A5 AEA

o=

A71e] W7t E55% IS AldSs SA3 digit span & 78
H7F =9k (r = 0.480, P =0.024; r = 0.512, P = 0.015). %4,
NS A8 & A2 M77F 25, IS A& d59 d244
A7 W37 ZAErs 8 Tl wWol AHEJY bilateral
DLPFC ¢} left uncus® 745, rIMS A3 2 o] g9 AAA ]
AZ17F a5 rIS Al A 719-A90 Fas #sidlen &
el T AXY (r =0.484, P=10.042; r = 0.610, P = 0.007).
52314, bilateral DLPFC ¢} left caudate o th3lF rTMS A|3§ o] %
AAdAe A7 ZFEFEE NS Al¥ F digit symbol & F

359t (r = -0.511, P = 0.030).

35



2 oos l
g ]
£s
S 205
3
s 7 01
g
2 -015
Pre-rTMS Post-rTMS
-0.2
0.15
2
5 01
]
g 005
S §’ 0 —
R
5 %os
¥
3 0.1
-0.15 Pre-rTMS Post-rTMS
0.15
2
>
k< 01
3
£ £
5 &
o 50.05
T3
L
T [¢]
c
E =
0.05
Pre-rTMS Post-rTMS
[}
2
s -0.05
g
g - o1
5 B
O §-015
s £
c v
o -0.2
¥
2 -0.25
-0.3
Pre-rTMS Post-rTMS
0.05
z ]
.§ 0
£ =
g §‘-OOS
zs
g 501
2
-]
£ -015
2
-0.2

Pre-rTMS Post-rTMS

Figure 2. Sagittal and coronal slices showing interaction between

changes of resting state functional connectivity during rTMS and

group status (active vs. sham). A, left AC - left precuneus; B,

bilateral DLPFC - left uncus; C, bilateral DLPFC - left caudate; D,
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right hippocampus - right cerebellum; and E, right hippocampus - left
uncus. Right column showed the change of functional connectivity
strength in the designated seed-ROI area Red bar indicates active

group and blue bar i1s for sham group.
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Figure 3. Correlation between change in connectivity strength and

change in HAM-D score during rIMS. A, left AC - left precuneus (r
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= 0.497, P = 0.036); B, bilateral DLPFC - left uncus (r = -0.617,

P=0.006); C, bilateral DLPFC - left caudate (r =-0.482, P=0.043);

D, right hippocampus - right cerebellum (r = 0.558, P = 0.016); and

E, right hippocampus - left uncus (r = 0.682, P = 0.002).

v. a3z

2 ATE Fo9ET FAES FAYUE AS ] active rTMS &2
2 3 5, rINS A Ao FA BH 7eA

HAZAAE WEE AdEol, MMS o &

A 7de gotR izt spelvk. A5 A¥, rIMS = sham

S 2o 52 759 2 349 34 axnEs B23n. F2 AH

7152 ¥ 444 deoly 4 A3, rIMS = sham rIMS o H|3s}]

default mode network ¢} frontolimbic network o thallx= 4244

ksl @ FE, executive function & WHH3E  frontostriatal

network o] W3lA = AAA Z3 axnE 7HAEY.

LorTNS o] &2 &l ot
rINS o &de]l g A5 o8 UARE, o' 7]l oS
2345 YA He Ad tig A AY d. AR =5
IES FewE S A$e ¥ER{F wWsE Single-photon
emission computed tomography (°©]s} SPECT)= AT Aol A,

i
%
ald
r2

:,1

ully

rTMS ©]% prefrontal, orbitofrontal, subgenual cingulate 9

HE77F A6, A5 ades ols oA dw i

vl g gto] ¥&zl wf o} M S A7]EZ 29 (electroconvulsive

therapy) & Aldst7] d3t 59 753 ¥ dZ44S ¥ A=

dorsolateral prefrontal seed 9} TE HFF3te] AZAA A7]7}
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ABSTRACT

Relevance for Anti-depressive Effect of Repetitive
Transcranial Magnetic Stimulation and Changes of Functional
Connectivity After rTMS 1n Depression

Jae Min Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Eun Lee)

Objectives:  Although several studies have demonstrated
anti-depressive effect of repetitive Transcranial Magnetic
Stimulation in treatment-resistant depression, but the specific
mechanism of rTMS is unclear. The objective of this study is to
identify the change of functional connectivity in depressive patient
after rTMS and to find out the relevance for anti-depressive effect
of rIMS.

Methods: Fourteen patients of major depression who were interviewed
by Mini International Neuropsychiatric Interviews (MINI) received
10 days active rIMS(10Hz,110% motor threshold,5 sec per train, 20
trains over 20 min) treatment on left dorsolateral prefrontal cortex.
Nine patients were treated with sham rTMS for the same duration in
order to exclude placebo effect. Participants underwent MRI scans
before and after rTMS treatment . We evaluate the change of functional

connectivity of Region of interest. The change of depressive
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symptoms and neurocognitive function were obtained. We performed
correlation analysis between the change of score and functional
connectivity.

Results: Depressive symptoms in the active rIMS group improved more
than those in the sham group. The connectivity strength of default
mode network (DMN) and frontolimbic network significantly reduced
in active r'IMS, compared to sham rTMS. However, the strength of
frontostriatal network in charge of executive function increased in
active r'IMS. The change of connectivity strength had relationship
with change of depressive symptoms and neurocognitive function.
Conclusions: The study shows that rTMS improve DMN of depression
which is known for core structure of depression of cognitive domains
and behavior. In addition, rTMS is effective to suppress
frontostriatal network which take charge of cognitive domains in
depression. The study that examined the effect of rTMS on depression

support neuroanatomical hypothesis of depression.

Key words: depression, repetitive transcranial magnetic stimulation,
r'TMS, ant1—depressive effect, functional connectivity,
neuropsychological test, default mode network, cognitive control

network.
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