)) )]s iR
Progress in Biochemistry and Biophysics
' 'j 2020,47(4):319~334

www.pibb.ac.cn

Bl o N B 73 R 22 P R B SR g R

= 1,2)%
g0

(D R ERAGL O @R S R E (P EBEBGOBIFFEAN), JEE 1001015 2 REPlARE A OBEE R, JEE 100049)

WE  AOEEEES SIS . R AMPETEENIIIRE, 5 S R R 3l S X e S RE R . R 2 ia T AL BT
PRRERE S —E R TRCR , (EATTEZS MR AN AR 3R 25 (IR . 228 it 0 DA ) B s s g+ 0T B 32 Bl o
FRZ Y T . AR S ) £ 2 R T B0 i IO 8 R 5 LA R R s DT S e AU TG S A DGR TY . JRGERI T BI403 )5 i
R P 2 U RS RS R R RO AR R RSL, R AR A B A UM HAR T Bl AT 0 . S T R

PP IR R NG SR CAZ S TR HA I IR PR RCR BT BT 4R

KR QG RO, ZRORR, ARTIRE, INIRE,

FESES R749, B84s

B3 )5 8RS (posttraumatic stress disorder,
PTSD) JE4§ MR B2 Dy a4 IR 5 i — sl
ZANE T B U A A R . 58 I UK
5RE AVCECAPEZ D S B 5 s 5 H B —F
K p RS . 2 DRI AR R E
SR E RGO AR (BTN IR ) |
FRove Il . FRELrE gl s . SEMGE A G
NFHECE T T B 5 S ARG o0 AR BT B
Fe 5y BEAR . PTSD SRR AT AN R AR B 1
INFIDIREI;, T2 Mt oRe . R IREFIk
Troifess, P PTSD M 7E H i TAEA TG vh i
[HEERR A N Ly N S0 I ) 1 AR i E

PTSD f &AL Y WF 58 75 , PTSD (& LB
EETAR A A TARIE SN DL S S D RE A2 0 S
HWIGDIRE, HESh T fE206 T PTSD BIGYT 5 T bt
5% 2 ARG T PTSD IRYT F 2 HG 25 iR 9T
DIYF, XERTT FRAINEE—E T FRENE
AR PTSD & SR, (H AL A7 75 4 B AUE
Bf . RS SR . T 2
FoR B K RAR JE T LA /i ] 3% (transcranial
TES) Ml 2 fii #E 4 ¥
(transcranial magnetic stimulation, TMS) AR
SHRL T HF BOEEXT T PTSD H & B SRl F 53 Al PR
IHIT LB . TMS 5 TES B Z LA AR,

electrical stimulation,
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TMS 38 i) 75 52 1 i o 28 2H 40 1 HC s Bl 2 50
YER LR R AEAE AT, Forb rTMS By 4K i) 2 3 5%
LTP) F1 & B 2 1 i
(long-term depression, LTD) %N 4K #i T NMDA
ZARN SR ATRRELIRE, TES H LA B H
¥ (transcranial direct current stimulation, tDCS)
8], tDCS 3 2L 5k {1 BT 3 Dl i e 2 2 A e
RAMmR (PR e e, BRI
FASC), PP LTP FILTD 8300, i1 i 2278 3 A
F (brain-derived neurotrophic factor, BDNF) 7fH:
R VR EEEAE . B LTP &40% 5 2 NMDA #Z {4
5 GABA fE fift 2838 T il 9 b, BABRAT 2800 3
EHRXaHaamRpEMa®R BN s .5
TESAHLL, TMS Wy=5 [ 43 BERTE &, GRS AR
BRI B AR X AR SCLL PTSD [ Ik
IR AN DRI ) . S8 Wil 3l A AR 4 T T
IrET RS A RAVE I R, B TR T
Bt TMS {E PTSD _ERIBESE, R T TMS i+ 5k

(long-term potentiation,
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A BSEATRERIVE LT, > TMS 7 PTSD BAH S AF
FEA i RIS FH e BEREA

1 PTSDIAFNIhEEFR(SH

1.1 gz

1CA 2 NIRRT I P A5 B AT 4mts . A7
PR, MR BMARE It fE, S50
PR SR 4 0 PTSD M myic iz hfiefifs =
B K AR RS ICAZ A S R T | 3 3 PRI X
PGz k.
L1 gt

B E AR BT ), B BRI e A
B3 2 A A G 8 B T AR B T A S ) . A
1995 4%, WF5% # K B4 Stroop iy 44 1T 55 W98 48
i 5 RE % PTSD JE iC 2w, SCs R AR
[T RN OSN3 b I S S B e B iR 2
TN R SR AR 2 TR RIAH DG . SRR 2 DA o6
RARAE 388 DA K 5 R 2 D TGS i SRR, R
TR 2 LR B SRS BRI A, A R B, AHER
FrpdEialL, DR 0 PTSD B8 X F bk 3
PRy L BRZ SR TR R bR, b5
7 5 22 D R SRR S A TR X PTSD HR 4 A B3 €2 1 44
B THER, BIZ DBk 0 PTSD & S i T
PEEE M TR CAE S A & DA O rfE R .
Mcnally " 7E 1998 411 TAE H Hi B T LRI 1Y PTSD
AR SEWTFIE, K ELPTSD M {5 B AL B4 L N
TE1H % Stroop Y2 H BERE I M kb HHL 5 G405 C )41
BE AR, FETFHACACAE S, — TG difisF
> B Bt 10] PTSD 2 14 £ 25 A Bl 2o PR X R 2l 2 90—
ARG L fy Ean], HA BRI R ieie
FUEHIRNC 4 94, FR27 A Pada] . 7R B, 1)
PIZH AR S IR 54 AN R 46380 e (G045 27
ASHHAIAN 27 A2 2 IR ), WA AT 55 2 I
JiT 5 B IR R T 2R T B B B A5 SRR
g R X B4 L, PTSD &Pk
F R AEICA R L SR FAEACAE S E R,
W EAN IS DA LR PTSD 4 Lk
BT AL BN
1.1.2  Q5ICICTER R

PTSD it PR 245 11— A SCHEA L i 2 405 5 14
KAels (—FhERak g 2AMEIC2) THIR R D) 2L
PHICIZ T LA B RAT TR AR RS, X AR fF B
BTSRRI AR H BB S X A
(14 A= BRI B B B0 T 5 . AR AT PR I e 2 B A%

P s e, B 05 3 4F AT A R R A% 1 K
(unconditioned stimulus, US); S84 EF A
ORGSR I G (1 I N S I 2 (S B ot §
(conditioned stimulus, CS); AAfIT#EZ D54+
S FIT 2 B SR i — 22 90 A L O B 7 DU AR 2R A
J% (unconditioned response, UR) . 4 US 5 CS 4§
SE MBS, PTSD & XS CS AR I ok iy ix F 2k
BRIV FRZ R 254 i (conditioned response,
CR) "7 AR ZME A LR 5T, 2 US AR
I, AATAF CSHYR (CR) KN4 B
FEAK, R IR IR AT AN [ B RUAS [R] 25 2 1)
RUHWKA , fudh H &P (spontaneous recovery) .
HHr (reinstatement) FIZEHT (renewal) 55 ' [H
X T PTSD B, B FME (US) Af
EL, BRRERSIEZG, YIS A0S AR R
FKEZER (CS) B, AfT3sR R B B K F
R W (CR), 2 KBFHUFEZ AW T
IR BRI VR BT SE PTSD A8 5 2L H
ICIZTH IR DRI R A2 B9 — > F EE A A . AR
B, SXTMAA L, 7ERVE 15 AR BB,
PTSD fE & FRYE B B 7K P #R B = . Milad &5 2
DA 14 X8 F A il i o g At TS U 25 2
TEIHIRARHRBT B, #O2 Wk PTSD Mgl R oLt 1
Ll LR A (] B L S K, 3 — 2 SR AR
R 1 st A% PR 2R 0 T2 AR FRDYERG 2 e 20
113 Btz iz ik

BOE N, PTSD BFHRI T A HFAH
it wyt Bz Ak, R “—aigdeng, 4R
JEaR” RIS O0 . BARETE R RMEZ AL LBk F T/
BRTJRAARESE S 22015 T RVE A & 5 s R gh
FERFRIG, NIRRT 6 R A iz b 2]
THAWEAERN . Al H S a2 RA
AR —PERT EARRI AR L, e RS =Y
e 3h AR R AL 2 — SR MO T 1) AR
STEST RRJIRZA Y O T T PTSD B ARV E
ZALFRIE BRI, Kaczkurkin 55 2 SR H A2
AT DA 10 Hz RV IR R R 9008 ) 3
W e K sl dme /N [RIA55 3 R oCS+HET oCS- (oCS+
1 oCS- 1 R 2% P R AE WA 5 oCS+: PERC
H o O K /NI BIFR s 0CS-: 5 oCSHARNT
(AR DG JE i o 9 e/ Nl e R A 1128 ), HAth i) )R
PR B FRRAE S GCS (WAL, BRI T & KA
I /NEI R R R ER ) . 550 3 A B Bt AT
SIS HTBY B . A5 B BRI o B . A 2 AR TR
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B, 3FREARE I, BRI EE TR A1
BrEr, GCS NGB, B~/ A 80 o o) i
(0CS+H10CS-), oCS+7E B Ay 7 Heff 4% I —
HERVCH T, oCS-7F 2 30 2 Hh R & D RC AT An]
Hody s EDUSR B B, PR B A Y 3 e
(oCS+. oCS-FIGCS), 3 F Al 34 AS L1 BE AT ] H
. 3B B, BT X A A e o X
B AR T PR (0=TJCRUKE . 1=rp 45 JRURS: DA B 2=
ERR) BT AE S L B, PTSD M3 AN BEA St
X 43 DE I L o 4 o C S+ Hiw AR BLA GCS (75
B2 F T T oCSHIY GCS: MR VE Bt AT AT i
LAl . DhReridk (IMRD) BE 5B
78 T PTSD (8 fir e 9l H ok i 2L B vz (b 5
HIEWRHLE], B AT . Sk MU
FAT R 0T . 5 PN i85 e o AR IR AZ ). PTSD 6
ATRERRR BB BRI LAAM A R
Wi, R ™ E R0 PTSD M A4t 23 H
Uite, ARITAMEKIRER LR,

1.2 &

TR DR B —E X AR A, 2
PEREREIENAE . iE12, B4E, SR LEE R —
FhAL[E] O BRARAE 2 PTSD HRZ1E “TEE” Lhfk
AR A A5 T R TR A T O R R A T
], MELLRERE R DOzl E e ok, BDH BT
RARBRAME, PR R 2% 2 5 3BT 45 A T Ab
B ) PTSD BH M B IR 2R “I54
Stroop 1£: 457 A1 “ 5 S AR M (dot-probe) 1%
557 s WA RN ME], AR SR PTSD
BEXT TG R (AR o
] A RS N R IG5 BN A HA 58104
Keht, PTSD FEA SRR MM ; B4 A
FENNEAT & I PTSD F8 35 g e X IR A A0 v 7 R
R 22 53 1% | Zinchenko &5 3 SR £ 8L
RALAT 45 —flanker {155, AT PTSD H& X}
TR B AR e P AR S, BTl
T A 1) 2 AR S T B A DG B U . AR R
B PSS, flanker {155 11 5
A AL A LI e (e LRI A 1 44 T L)
AR R GRS mER g s | 4
B, MEF R SO A, ST o
155 26 R BT (ARG 25 i FL A B3R % 5% ) . PTSD
FEE N ROV IR, e RRE FR A A R4
DA ST 0 R B, 515 SoflCh 50 K R E
PTSD & FHH T Ho LI A3 Sl b )

IR 2 X —Z5 R KW, PTSD % T1E 44
wRAEAE S R 1], E A P e ) R — 2 1
NSRRI .
1.3 #H1TIhEE

PATIIRE G ARAAAE— DI I . AT RE
A G s TR A 2 R it o, H A
WA R PATINREW M. TAEICHZ . INHIR G
R = AT Ee sy, 5 HE TAEA TR E YA
K, INFIIREMI 1 SR H A A B b 52 3 E Y
Wi B a. AR TAFICAZ )T . PTSD 3% 1 DAk 1
FEAE “TAEIEILE R (working memory capacity,
WMC) ” . Schweizer &5 5% MR 4545 5t 1) WMC
553K, ST SR DA 55 AT REE Y
YERT, Bt 7 —onial, 14 TARICIC A it
% (emotional working memory capacity, eWMC),
FBf X Fi e =X FH T X PTSD AR & At B X6 AR 20
WMC fIE b, 24T 55 2R ke 2 v el
%, FEAAESAMGLDTHENEE (SEE
R AR E) SRR, SR RAMELT,
PTSD f& & fEAL S 15 28 D5 AR A7 BB, WMC iy
o RIAEZE . AN, PHRE /N T PTSD 311
eWMC Jj B 51 405 5 FLAE R AR 4 22 ] 14 OC 38 30
b. FEINFIRIG T 18 . R TG MR T AN
HUEG ¥ SCUT 4 B8 07, N A 4E B ) 44T 5%
(intra/extra dimensional set shift) I Stroop 1T: 55 X
PTSD 845 A Hil 2 A T IA M R GG PRI, 25583k
W PTSD B FH A AN R G PE A U4 sl e 4 D s Y
P P e RO GBS IR S AR S
(stop signal task, SST) #Stroop{T:55 [FIFE4E PTSD
BE LRI T AR A DI RE B B

2 PSTDREMINGE

2.1 RUEA

HIAR R A 10 03 R A DD RE 0 B 2 AE A B
B R A EZEM . G WM T 2
(ventromedial prefrontal cortex, vmPFC) il it X} 7%
AN R A I S T VA S RT= = I U A i
Gold " ByZAR A9 R A AH G I R 45 A48
SR FVEAUESE T PTSD S B A 45 ¥4 A 3
SRS KB, PTSD 8 B9 5 ik 15 sh s =
AU 5 TR 2e DA DRI, AEAR A1 T8 ¢
() 7 g5 8 I 3R B 0 H A (medial
prefrontal cortex, mPFC) J&j % B Ifl i & [ B
I8 20 %G TAE 245 Shin 45 ) & T PTSD /%
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L XoT HEZEL A0 T 40 [ s AR B 4538 . B T
fe L A97AE{k, PTSD A4t 3 B0 Hh wip & A B 0 o
A 23 AN, AR SAE ST IR R 78 PTSD (A FEHEA T
BIAE AT 55 B A M T AU RS e
22 BT

A AALAE R AR R £ SRR DGR I A GBI X
X TR E 2 8 A OCHE T 1 R R
PTSD & A s M REA 25 ek As > AE
b, SXFRAREL, PTSD AR B A~
FEARTRI /N 97 A A B 5E e 90 2 A 1 1138 32
BGRILer:, SR IRAAT LR P T A A
BARFU g | T B R A, Morey % 1A
R REARF /D v REJE PTSD UFERS 2, 1
& PTSD AR Bl R A7 A% AR FAR Ak . FE )
EXTRAALL, PTSD B A AR B A
1328 I3 AE DG AR RN 55 600473 I 5 P 17 & SRR T 37 5
B 200 AN PTSD HFE TEREE T A 1A
CACHT, AR TR IR R T 20
i
23 &5

TS IC I PR R S VE T, iCC U s
AT AR (5 BT 55 8 4 et A
Yy, b id 12w I O AR S R B RS B 2
e g R T SR AR S A R T A 2
BLMER 5 — S5 R IAES5H - PTSD (& 1
TR L ARA AN 239 340 AN W RS A RE S
KL PTSD (35 AU AL g AR B AE 22 55 .
HARERENE, SRR 2 INE5 2 —hehs 55
WARZ WX . CAl. CA2. CA3 VLM DG %5245 .
Postel 45 ) ffF 5% i T WV [X A 2544 202 5 PTSD 70
EBH IR Z B O FR, LI E T X CA2-3/
DG Y78 il G55 PTSD 5 A 4E & A4 ic 42 IN
WA, HEASH, SRR/ NE PTSD /Y5
PSS E RADIH IR . A E AR, BN
T AR BE I S EPTSD i—AMER R ZE 57
24 REEEN

TR B A ik DX AE S5 R AT BB L 19 1 H 0 i
M2, REMS LA R TE B A U UIReiE
FERE A% 38 2 0 AN [ fi DX 3T BT () Fr A8 fl R 4 7 44 Dy
O 5 i DX [ 40 1 (] 25 7K 1 PTSD /A 1Y
P25 IF BE AR 5 . PTSD B 3 19 4 A% 1800 T+
{5, 1 vmPFC FE S5 F A7k A L R i

AR vmPFRC 2 — A AL 3 5 AT 0 A (e
(rostral anterior cingulate cortex, rACC) I PNl HE
W (mOFC) M G MIX ' . Sripada 55 ' %
H#E BB ie s 4R 118 (resting-state functional
magnetic resonance imaging, resting-state fMRI) #ff
5% PTSD 835 1) #2285 i T e 3% 2 2 BAS 4%
rACC Z 0] () 3% #5855 . Stevens 55 ' YE# 4T
fMRI 47147 B 25 i 22 30 2 A i v P 1) T L 35
AR5 A MRI, LT —8045 08 M TOI0
HilZH, PTSD &35 45 A A% A A M vmPFC Z [R] f
HERE RIS . PTSD AR 35 1 5 R H Ath fik X 1) B 722 245
K H R D, PR AS R AR —2 . Sripada
VIR SRR, AT AN D 2 A R D) he
BRI, SCHF PTSD MU [ pl 2 PR AT AL (o )
SR, WA L BA AR 5 2 (8] () FE RS T
REIEHE TR L Ik, XTS5 N YR
HEAEAE PTSD (8% P YR FHIE 75 22 BE Z I 58k 45
K. AN, Malivoire 55 ¢ SR I #E S IMRIFR I T
Mg SEIX (G SLFESRE) 584, mPFC,
Jei 40747 1] (posterior cingulate cortex, PCC) Z [H]
() Tl RE 3% 4 S 45 D fig % 4% 5 PTSD i AR Z 18] Y ¢
F ARG R R R AN L, PTSD i
AN L 2 5 WU PCC 2 [B] i D B % $ T ok, AF
FEA NN I 22 57 1] R 8 A0 5 R & R L
PTSD MARIBIMERRIC . IAMHFFEA & B PTSD ik
Do 5t 3k i B AT REE ARG, A5 &
P& H TR S 2 L i 5 e O A A AR Al
I 1 PCC 2 BRI B 20 [ 28 (default mode
network, DMN) (%20 5 #845, Philip 55 ' & 8
PTSD 1Y) DMIN 3 227 1ie) 1 [51] W © 5 2 o) e
7 (intermittent theta burst stimulation, iTBS) H&
FEEZAER . b, BB AT b AT T
MH—AERBERESY , & B DMN i BE A% FH K il <
W R 6 97 S Y BR DMN 4b, & 0 3 75 R 4%
(ventral attention network, VAN) Ifj BE i% 4% 7F
PTSD Hiils HA 258 . Etkin 5§ ' 5@ LT —Fh
X0 BA T AN BUR R XMER B PTSD, X PTSD
HAPAFE . FifiC g 8RB 4232 3t H B
VAN DI HEFEFE AIG . PTSD S 1Y 5 i 1% AR X
AL KA I IX HARLRE 2%, AR T ZAHCHF 5
() TF R AT B T IRAE T T PTSD AL il 1) 3L
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31 #AMETRERE

1S PTSD (3R Y7 T B ATy i 24046
YRIT RGBT IE O iR YY R 4t
MHRZEZ5Y) . BUERIEZRZY) . P2y LA L
0 S (T AOAS BB 245 ) . e T (0 i P-4k
Ml R 2 RNa Y 258 a2 puyT . Ak,
FPGITAE) MM K FIGYT PTSD I THE5 Y, &
AEESR , XT PTSD E BB IR MG BA —E R
RO EEEBEMA MM B (Food and Drug
Administration, FDA) t7E 2019 45K M1 % PH T 1
HIBYT PTSD Y —2 25 . SR, 2503677 XF T
PTSD B BB E A —E R A, o BIDRS i
259 FF AN RENS BN My ek PTSD SR AUAEIR . R,
9WIIRTT I 53— R AE T HARH P 1) R FH e
HAF25R 77 Bl PRIV HIZ R .
32 DETHMREARAR

XF T PTSD A MO HT 1, 5w JH RO
B0 R AT F 1 p9 AR AT 97 % (trauma-
focused cognitive behavioral therapy, TF-CBT),
FAHE . BRERIT IR FREEIT L (exposure
therapy) & JE TR 9 HAth Y7 vk, WnAE iR 2 8597 ik
(prolonged exposure therapy, PE) %; It4h, HR3)
i B J7 ¥ (eye movement desensitization and
reprocessing, EMDR) X} PTSD £ 3 (1.0 B -+ il
WA BRI HT 7 BT LA AR — [ n) R
e, XRPERT T PTSD o 1O B P L T Bl
PERALFREI G OB A DL, SRR AA L —
HLPRA TR SR ; Hk, —2EPTSD B4 Al fig
M LA sz 2w Tk e R i il A 2y, MELL
A2 YR IR ERRTTY, ARG 2 45 R T
WA Ak, OHEYTEANAYT A, PTSD &
TS H PR T R 28355 18 A 5 i o s R i o 3
S RCR AN s P R 2 —.

4 TMSTFFPTSDIEIR

TMS 1 EZAE IS, B R &
EEBEER 73 RULE S e N = JAs RPN s L V) |27
ARG =R AR, i SR, X
DRIV AR RS S TR, i S REARAS ™

SO, ARATURIEE (<1 Hz) T RAEAS e B %
A PERRAR, ORI (=5 Hz) DUAH B b g e B o
et AR 2252 S fh nl BRPEE R (S

2 38 58 I S AR AR ) 7 R TMS Bz #
PTSD MR e - T 3B 1 2] 1998 4F,  Grisaru % 7
2.5 T RESA SR E R 30 Il E FH T PTSD /35 C3/
C4izzhIX, WFHNE T PTSD B FH B EREIR . 4K
IRARREAR DL % [BLREREAR . IEJS , X F PTSD ) TMS
TRYT AR OGS R AR R — P A B R =
B, FEATE: R R R
RIS R AR AR W e 1)« RBeERE (—
SEFRRE LT A=) DR s i £ P 2
R AER TR K 19 PTSD 5 TMS M 609, i
Z DL S1.
4.1 FIHLESRIH S

UL TMS LA LR B 70l “0” HIZRH |
“8” FRIZLE L N “H” RILRRE, AIEZEARIAGZR
REl L RCR A M R OR B A TSR] . 07 Y
LA, JLRMIR BT, (A S A L
REM. T “8” FHRILEILNHIA “0” KLk
R, BEMSAEANRRATRIR B I RTHE T, 48 sy
R T RN SR 3 PR e AR Y
{14 R A DX I3 T A 552 Wi LAt AF 5 38 A DG T 1 IX LI
“87 IR AR X T R P B SR s I
PRAERBESE LS8 78w H . “H” TZE
(1) AR A2 B S BT R R 4 I 208 DX 338 114 1 9
1S A SR B S R Bz 2 2 T 114 4 R T vk 5
BRAG BR CH” AR P HA [ Sk
e i) R P22 S5 ) R A 1998 4 Grisaru %5 73 YK
K HAE R 14 om 9 £ 18 28 BBl FAR AR 55 RO T
PTSD & E R UGE 2 T 4R, TMS 7€ PTSD I
(AR A SRR 22 1 5 T, T BE FH R R S 2 Rl 4
WA A, a4 Mecann 55 7 #4789 22 0F
TR UL AN 87 FHIZ R, Cohen % 7
TE2004 A BFFE e 1 T “O” RIZEHE, Isserles
A5 BT 2013 4R AR “H” RIZRE .

XF ST T 2R B A i e B 5 TR B A B
M) 14) o 22 B 6 B N A S, IR R 32
PRI . an b prak, Mk “07 R ok
H ST FRIPER, MiPE TR CHY L
Rl — A L4 R0 B R B B R A R S, R <87
FRILEPE X T PTSD 3 1 W o s 2 1541
] ®7 %% " (dorsal lateral prefrontal cortex,
DLPFC) . Isserles & ™ A5 B2 o] 38 1) 0 A5 8 XA
mPFC, AT T H “87 7 10 £k Bl iy % i
TR “H” 7L B8 DL AR IR i R 08 28 H Ar
S0l AN BFSEE R T LR R “iE Y
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I A SRR S H A, s Rk R
XIRVE A FPF s, TR TS KRNI REE
e, ZIEWSRE R R )RR — H AR ST L]
Pz b v B A ZR P TR RS, IR RIS T
BURFH— 5 B HAR T BN 7 R SRR T 52 )2 1)
Il A5 ELOE R B TR B SR iE Y B
B

ST A5 P R PR L T PTSD FR 5 19 S5 ki %
3. LLAE BF 58 Y )RR S 4R b T DLPFC M
mPFC 7 %% DLPFC 7£ 1/ 25 8 17 W 4 rh LAy dE 22
YER, B¢ 268 DLPFC A2 TMS 1E I i —4>
RO A 15X T DLPFC fi4 31 -t 47 76 — 26 i)
R A OO 2 2 A7 B0 SRR 2 XA ]
7 Rosenberg 5 ' SR “8” - 1 £ [ X} Z2 ]
DLPFC #f 17 Hll 30 85 % 4 1 Hz B9 W40 3% 5 Watts
A 18D N SR FH T RIS 178 S 5 4 IO S5 % A
() DLPFC Jiti il il s WI-BFFE #0425 T TMS X F
PTSD 3 e R e 1 . ELEEXT B A2 A e
JFSE K A T Boggio % M 2010 4R TAE, luf]
M) TAES & T 224 M &3 (20 Hz) TMS Xf T
PTSD SEtR el i E AT, (B4 A T O R B4 T
A, FEA A A S AR R A G, 2
() A 5 B0 OAB GE R e e A G L 2R b
Ahmadizadeh 2 ' 2018 4E i TAEXS b T 45 ] &5 4
(20 Hz) BRI, WU S50 (20 Hz) 3 DL & Bh
T T PTSD H E AE IR el 38 (VR . 25 R,
LA A 0] 35 T KA 9 4 R A A0 PTSD R 1Y)
SEAR, (HEAERT R IR EA AT, U s ke 1
FH I B ) ST B SRR, e B3k — g (e [ i R
Z G A MMGESCR IR B R R A
A AR, MRYE Clark %5 ™) 76— 28R v fr
PR W 5, PTSD 3l 3 90 AR AE IR, 22 Ml
DLPFC 5% 24 2 M HAT W 4554, P T
ZEMN DLPFC B 5138 T 68 LI oy =52 i 21 1 2% 3
ST R AAMARAE AR A 24035 . PTSD 4 i B 5%
7% Y PTSD 35 19470 PEC S 1 m, i Ah Ay
] PFC 3803 1) 578 34 Jn ] G2 5230 PTSD etk i
LA FNAE JEAROCHE IR A SR 0 IR, A AR
AT REAT Bl T30 S35 U . SR 1T, Boggio 55
Fl Ahmadizadeh %5 ) 1 T A/E L IE B 7 v A9 00 v vt
T PTSD AER s IVE T . BRI, X T il 0 R 1
Hi g9 /E I E B T TMS T 7l PTSD 58 345,
z—.

4.2 FIFENX S RIBCERE

A =B TMS A8 5 3 22 5K i TMS
(single-pulse TMS, spTMS) . X} ik TMS (pair-
pulse TMS, ppTMS) #I & & TMS (repetitive
TMS, rTMS) L4, 0 4R & R (theta
burst stimulation, TBS) JF i i F 2 AR E 55 HAth
KRR VAT, BRI R — A R I 4 i
B 12 spTMS SRR I A FLEE Bl [ e MR i 45 5
i BV R . B3 spTMS 1 FH T 90 9432 8l i )2
(M1) X, Y7t (s 2R B, ATLA
WAL AL IR s 5 2 5 spTMS 8 FH Tl iz
25 K H A (motor-evoked potential, MEP) LA K&
B ek R I FH R LR AT 5 b A 4l il B iz 3 1
{& (rest motor threshold, RMT) FI{f sliz ) [ {E
(active motor threshold, AMT) M\ 1M i i Ji] 384 5
FE . A A I 3 8 A0 M 0 o 2 AR E Y
WrTMS F 9 100%MT . 120%MT F1 TBS % FI )
70%MT . 80%MT. ppTMS 3= % J] T3 3 75 W 97 &
DRI (] — DX 3l A sl 7 A T DX P it o 2% i
(conditioning stimuli) FIMEHIE (test stimuli) k&
AF5 B fii DX 8 2 A A X A DI REAH EAE
4.2.1 rTMSHIFEAR

Xt PTSD WMFFEINT 5 . rTMS & 0 JH i )™
1Z IR . fTMS S48 DA RE — 1 2 M 36 45 7 Jak
DR X — S AR SRR, AR
(AN [R) T 43 R IR A ¢ TMS 1 A3 rTMS. 1 TMS X T
PTSD G YT T FUASC R (YRR 5 22— (o 2 O %
e AT T 3R AR R L R S A AL e TR
19984, GrisaruZF ! Fll Mccann &5 781 4351 5% FH 3]
WO R 0.3 Hz Al 1 Hz FRASURIEOG PTSD f8 4 i
T, AP TR TMS X0 R ol 28 1A R .
WiE, VFZ2%hF4AM DLPFC #0558 & TAE
ARSI SR TMS (7R FH 2 = 50 SR A R
[)— i J&, Osuch ¢ "' XFEE T 1 Hz 0 H135 O )
O T PTSD & & 52, 1A & S0 )
DLPFC WHEATRIAH AT ORI A R . sl
S Can, RESED WAE e A S HE
AFEM .

SR T E AR TR T =AM 5 Hz,
10 Hz 1120 Hz. Rosenberg %5 %' Xf 1, T 1 Hz B4 A0
5 Hz FISSA AR, A S0Pl = AR ae s ek
22 PTSD B AR, EL PRI RO 5 (8 RO R
B 225 . Philip 55 Y 5G5S Hz BY RO R % T
PTSD F1 7 £ # AR5 (major depression disorder,
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MDD) Fi & BRI AR, S5 R RIS Hz (1)
TMS BEfE 3% PTSD A1 MDD [4EIR, #1817 TMS
7E H 1 0 R . Cohen %8 7 X HL T
1 Hz #1 10 Hz Jiti il 745 0 DLPFC, il % 58 F£ by
80%MT [ TMS Xt F PTSD H & URIUR , R BAHEL
FARAH L, 10 Hz (513 BE % 3% 2 3% PTSD i
HHIREIR . BRI, Kozel 25 1) SR F 0 8 ot i
110%MT, HJIF 45514 1 Hz 110 Hz 051 AE
HF #8040 DLPFC, 5 Cohen %5 1) & BLA Bt
AL, O R BE 05 R3S PTSD SE 11
PR, VR Al ) 3R AT R ) SRR B 2
Boggio & SV (YRS XT L T 24 P DLPFC,  #ili#
55 5 R 80%MT 119 20 Hz H T B R 22 5%, ™
ey 25 S 2 37 45 20 Hz B9 A0 . Isserles 45 1
KA I B AL R Y550 (script-driven imagery) ,
WL H” AL B IO FE S 120%MT 11 20 Hz
PR B AR TR NIRRT, S5 SRR IIVC D
20 Hz J134 54 B 493 BN AR 3% 5 41 /) PTSD £ 35 R A5
1) 1 25 A | AR S A R e A VR T
PTSD S ERE R A ess: , (L2 = A0 ORT AP0 3
() ELARYE RO A TSR . Yan %5 74 3l ad o4 #roxt
ANTRIHA AR 1 PTSD RERI BN AR AT T &40
(4 [ JBst , At A1 & BRAEG A0 %) ' TMS 1T DA 9s % B A4
PTSD HHMARKEAR , &4 rTMS 7] LLek35 PTSD 1Y 3
FRE AR FNA SCRE R, X 26 % BUALA 15 0 205210
UESE
4.2.2 TBSHIF#HL

PR TBS J& 45 200 ms (PA[ESH% 5 Hz) 44T
L3S ([ARF 20 ms, Wt R NHHAR 50 Hz) fik
M . Huang 55 70 5T = FPOR [A] 9 TBS J AR
= 7= A B 0 R SR I E g & B . 3% £ TBS
(continuous TBS, c¢TBS), HIYEZL LRI T, 7F
IR BB B K eh B BT B] Y, 5 A T X Rl
KPR, B XS K B AR ROCR s iTBS W&
FERITL 2 s 2545 8 s A — A 0] ] B AN 255 7 AT fa] o)
W, RN RS BCE BN S E A IR
FRELR AR R, 5 cTBSIATAAIS, iTBS gl 2%
LT RE 2 2 A TBS (intermediate, imTBS)
WAJE FESEAIFL, (H5iTBS AFH, imTBS &
BRI 5 s Z G 10s, BIAERIE s sihah —
AN10 s BYEERRINR], imTBS % T Bz J2 24 APE 4 50
WEARE, WHILTESERN Y, imTBS &%
FHA8 cTBS FITBS AYXT R . tb4h, TBS il s =0 %t
T Rz J2 0 R A SR st ) e A B ) rTMES ) 8 A

A MK A Philip 45 7K PTSD £ 5 hy EL |
AR ORI, w2 SR BB, Ll b
IR IR S 80%MT 4 iTBS, T Hilfe & k45
il DLPFC. XUH MrBe 4 i), Widiwiit B IR aE A
TR ERT B, TEIXM B 82 i A
2 ERBL . BN, T W RZ AT, MR E R R
LT WO ZREEE . DFTas R R iTBS BEAS i
FH U PTSD SBE AR, P AL REE I 3 46 2R
7R, DMN R PTSD H & % T 1TBS IR
R IVR L/ SRR OB | s 4 Wi W SBUER RO S W8
B, —AEN B AR (LR REZ T 48
iTBS) MIARITRCR I T ORI A Bl (SChs L2
Z T 2JHMATBS), RUGHE £ (4 iTBS RE 76 HI 3
SE IR B —AF B ok B 2 B SO IR R s

T i TBS & M s A2 2F K 2 24wy PR N TE
ML T 2R A% TBS 203 PTSD SR i INFEHL ] BA
KAEVEH . Chung 55 % R4 [H1 )i | TBS X Tz 3
K )Ear g m Ay, IEE Tt FBOR IR,
iTBS %f F MEP B34 i i o] £#2% 30 min, cTBS X}
T MEP i i (%) 980 /0 20W BB A RF 221K 3K 1 h. SR,
Hamada 55 " & B, 7£52 M9k, {H 134
(25%) #iik4%5Z 7 TBS (iTBSE{cTBS) J5/ i 5
Wi —%k, RUiTBS it DL & cTBS il ; 78 HiAx
39 /BRI, 1644 (31%) Bk 2 5 i s v
SEAAHR, 23 A By 0 A4 i 0 5 TBS TG
KL, TBSIfE—& Reig 5 5 HUHIA — 20
BN . Li%E " fEgER Hp 4 S, LTP I LTD v] fefE
i TBS 1K JG 8L ENLS s HeAh, ZLiidkiE it
MEC AV P X TR EREE I T RAE 4
R X — R R P B G E R, LT A BB
XP A TG RN TERT, SRR S AL e 6% i
TBS & Mk 2: 5% . Kok, TBSYEH T PTSD fiE
RECEBLEALT IR AR R T LU T2 A7 TBSHL
TIAH DA 8 AT .
43  RIBBKHES Rl #E

SFRVK S T ISR 22 B ) 6 R A5 21 T F
FHENH)Z R B 1998 4 1 fs BF 58 %5 T
WK A AE 7, Grisaru % 7' LA 1 min (T
[E] [E] B, B3 9 22 A A 1432 30 2 2 (motor
cortex C3/C4) 45 B Jita m 15 4>, 3 30 4> il 34 ;
Mccann 55 7 XA TIRSY, BERGA T H M
it 1200 N, X TR —, 47T 17 diH
B, HEK R BCN 20 40075 (TR, AT T
30 dHIEL, KA 36 000 4> . 3 9 A fil v
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T EERA — VR . SR, DK i EsE T R
Hh TR B (R A 1 A B, S ik v 5 ke )
G W RS - B2 e W g B
A B R S d (AR AR R 3 d), &
SR 2~4 w. B RN A B0 B TR 5 G
TR, WADENZ I &2 AR 100, 400,
600 3 E 5K 1200, 1600, 1680 LA 1 800
AN Fe AT A Dk b R R S — 2 RIS
BOERME, REK T 2 A5 S i 521k LA
KAz ok . AR ZBL, FELEERE L REAS
g wk e R R R e 22 AN BRI AL 18 0004~ Ot

5 TMSEEINFThEE S K& 3h

(ER AT RE ) T . a. TMS REAS {1 k2L IH
ICIZTHIR . BRI B R S 57 PTSD sh# A
T 2 g X 22— 10190 Baek 45 1 SR I RMVE 4%
R Ak B 3H AR 95 B 98 T i in 78 K Bl vmPFC fY
10 Hz rTMS X2V IR AR . 455 3R], R 2L
PR AT (BDE5 LR offline) il il rTMS B9 K B 5 £
IR K B R IR KT B 25 5, SRINIAE
RURTEE], SO0RAR L, SRR AR
PSR CS B (RIFEZE online) PERC rTMS 1
KIS = RWBMEACEIIR R, HaxX Py
TH A B8 RE AL 4E 4 24 h. Guhn %5 1T BIFST N ZE N
2 mPFC %) 10 Hz. 110%MT A4 rTMS X T2 E T 1B
FIER . SRTEAE, #Hlre s — Kk TR
2GR —RMATHIR %, BRI E
B, rTMS FOh 335 7 T AR 2 2 F U 2Z miit
SRR T o TMS 1 I L K L PR R S A T
BRCR AT M, Raij %5 %7 L R B TMS X T
RUEIH IR A R . LA, Legrand 55 1 7£ PTSD
/N FRBE AR v % K )i Jin 72 vmPFC 119 12 Hz rTMS
AMLBE S IR R HIY 1R 38 BEAS A R FE I 075 & 11
T35 . T™MS X F RUHE T 18 19 02 257 mT A
TMS i3 PTSD il IR i KB 25 2 — . b. TMS fEfS
SO R e S 45 . Bishop M7 7E — i £k v Ak
B prie d e N iU e g R S e DO e A
PR E B R GE . — e B S R OR 3 1
B R ESERLE], 5 ST RIS A% A Bh
M WG BlAT 5 5 o — PR i B AR EA T S5 A G
AN G 5 A R s v 3 A1 b e AL EE T KT
5 e B AU sl A G L B it in Tk
B 22 A7 PN A AR R &5 (dorsolateral prefrontal

cortex, DLPFC) )10 Hz E 4l rTMS KM AELR 45 T 4k
IR 22 DLPEC A 1 spTMS #BBERS A %0
A FR S ol R B T B T PO e, TMS B
i R AT I BE . Ameis 25 ™Y & B 1 T DLPFC
) 20 Hz rTMS X} T2k 3% [ I E 1% R BT (autism
spectrum disorder, ASD) 8 $HATHIHERY AT AT 1
A %P . Bagherzadeh %5 ™ & Rt il (e i ik
7 DLPEC f4 10 Hz rTMS REfS A Rk 38 ik i T
YEiC A2 BE 71 . Marron %5 120 #45}jiti Jin - DLPFC [
cTBS F1iTBS X F TAEiCAZ FHAT Dy 19 8 4 g
J1, Z5RFY] TBS G T TAEICIZ LA AT
AE . (AR, 48 cTBS REIEIG IR T 1/EiC12
FE BN TR B IF ek s AU S5 n Rl se s, A0H|
55 1 i Re

TES WG 3007 10 . a. TMS A3 1o g 1% 42 52
MR R R i X 15 21 . Zangen 25 77 S KB, 5k
R “8” FRLBAM L, “H” R AR
TMS Bl B T 34 5.5 em. (R, 3 H ATE9H A
ME, TMS 85I 3 TG 1k 2158 M B X . 44
1M, il DX 22 6] A7 75 6 45 4 AN Dy R b 4 4
TMS 5§ n] 3l ol X S 4 (S5 DIRE) ks iR
PR DX )35 2 . DAZMECAC IR 5], vmPFC 54
{7 4% Z 18] 19 T i 3% 2 76 AR AR v ke B O HEAE
FH DO R OR BRI 1 F B2 )2 (infralimbic
cortex, IL) REMSFEACRMELIZ N, X PR e iR
FH AT G 2ok 3 mPFC 51 % 1 v S A A A% i s
TG O FEATRAIL T S 1 Raij 45 7 BIFSE B
TMS H A HI3¥5 vmPFC 45 T BE 2 42 1 22 00 fiy & -
A A BRI A e TR, A BIXT T e M i
I f 0 98T LA S Ao ) R 3 5 M B R () vimPF C
W3l , At vmPFC XA {42 0 45 & 4 FH A
T AR B 5 T AR (AR . X —HIL v] RE S TMS g
i 238 PTSD SEAR B HLT] 22— . b. TMS ] 52 1A i 2
AEIEHE . Riedel 55 " RIS ArPE (R4 20 Hz) F1
I rT™MS  (IRA5 1 Hz) BERE R Y P3O0 45040 B2
BRI EZ I ae s, HAERAMR (K45
rTMS: FEARTIRE %42 S0 rTMS: 3 in D Ge i
$) . Wang 5§ "0 FRIE R rTMS #2525 d il
JZ -6 Ty X 45 v A M T X6 Bz J2 -1 5 I 4 T g
HEFE AR FH RO B A5 EAZ B3, 45 SR it Jn 1
AR TMS 35T Bz J2 165 2 I 28 11 Dy RE %6 42
AR HE TR ES014, HIX Fh ol 5 /E B SRR 4k
24 h.
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6 THtERE

6.1 PTSDEETMSTMIFAEREE
6.1.1 IRILALHH S AL

PTSD £ (1) TMS 11 N5 2]l PRz H i A7
— Bt E5E , PTSD WA M An &) g e fli 150
1T Z AR T T By aa R H AN . ATk
fiT: T™MS T BRSO Bk T RTS8, AN R )
WMSECH R T IRCR AN . o L HAEEL, B
FE &A1 % B TMS 78 PTSD + I 1) 1o F v 7 4%
RAFMRSE, B0 TS HREAESE, U
fETAENG IR A2 aF A HE) . SR, FEX A
N e 22 IS B8 A R 1 42 4 P R 32 1 1)
. WFSE R TMS (RIS S SOt 05, X
SORTEJRR ZHR AT DL A A TH %, A A s
TMS A7 TEA 5 A0 O XU 7
6.1.2  ARPERPAGA R

Y% PTSD Y TMS T HiLfF 58, Hoh—ASAT]
R S, Anl A TMS X T PTSD SR 4iE
AREGE AR AN TR B PEAS T B A
FHIF] . XL PPAL B E 2 A RS | PP
[ IR B i e S AR OC A FRAR AR 09I . A Al
[ 1) 45/ 1 20 THREAR B P A 46 PTSD AEAR P DA
Ko PTSD e i AR a2 A5 PR A R IR PP . 1l &
WAL4E: PTSDAAriif B2 (PTSD checklist, PCL) .
PTSD JG J7 45 R & % (treatment outcome PTSD
scale, TOP) . PTSD Iffi Jf & /£ & % (clinician-
administered PTSD scale, CAPS) . & it PTSD
SR % (modified PTSD symptom scale, MPSS)
a5 J5 AE R B P £ (post-traumatic symptom
scale-self-report, PSS-SR); Ji#& FEA . WEHIK
THANAR T & &2 (Hamilton depression rating scale,
HAM-D) . Dl 5@ 4 B & 3R (Beck depression
inventory, BDI) . ¥ % /K i £ & 3F & & £
(Hamilton anxiety rating scale, HAM-A) . Dl w £
JE& &% (Beck anxiety inventory, BAI) . JRZAFR
FEJE R (state-trait anxiety inventory, STAI) . it
Ah, A BFFE R R T T — LA DG Y 0] 4/ ok
PEATHE B AL, B . G IR BREN S (clinical
global impression, CGI) . HH 520 & 3% (impact
of events scale, IES) . 90 Tl Jif fk K £ 75
(symptom checklist-90, SCL-90) . ‘I 24 Ik 2 faj 2
(profile of mood states, POMS) . %[ X} i 4+ PTSD
B B PGP EL N AR SF B R E SR (Mississippi

scale of combat severity, MISS) . Fd I K 24n] &
M E s it 12 M % (University of Southern
California repeatable episodic memory test, USC-
REMT) 454§ 7 %),

BRI VAN T IR TR IS AR B bR L
W 7K -, Mecann 4§ 7% FE T T AT T4 RS (4
24 h AR HIER BT ZF40 (PET) KX AL+
TRT S AR ACIS AT, 25 SRR I Filid R iy
PCL R /TAW ek, (HE s — 1Az
Ji B 1Y PCL & 3R 1553 X Il 2l T 4K, sk
PET ik AU KF- B 25 581 oA 3R B T iUS PTSD %
(R P A A KA B R R, A D i R 7K 7 TR
BB 5 Isserles 5 ™ FEia 1T AR GK Bl AR G AT 55
(1 [R] s i s PTSD £8 34 1Y B2 ke FL s Bt (skin conduct
response, SCR) Fl.0>*% (heart rate, HR), %%
7% TMS XJ T* PTSD & # £ PTSD Y 4iE R ik 3%
(CAPS &R B/ Mo 45370 LA L PTSDAEIR A 7
R . WAREIR S (DU RIHAR B P
FADUFCMAEREER) VR IRCR . AR, OR AR
SRR, TMS [F)If AT PTSD & X T4
P BEIAS B0 S . Osuch 55 0 340 %2 PTSD B #4
24 hRKCTEE . 20N, B FIRER . ZHE EIRER
DL T K BTl . HOR BRI R Ffie LR . RS
FEEN AT R IR N ORI H 2 () e 3R L
YAt bs LR W 22 5, B PTSDAER VAL
N, SORIALAR L, TMS X i i A bR
Y A AN, 1 R, 24 h PR 22 WS B i 3 M 1L
T4+, MLIEWFL R .

AN, IR IT RORPEAL T 2% 3] TMS X T
PTSD & & A D BE 0 43 A1 S5 1 3% 20 i 5 . 3
YIRS IE R, TMS SOk ok —Fp i A Al
DIBe5 Wi A R B 17 10e1 nstel EgE TMS
X T IAHI) B A TG 2h 0% 52 e A AL B8 58 35 TMS
XF T PTSD AR JHRCR Y PEAL , 104 BY T B A TMS
0% PTSD SER VR FHALE] . Rtk , PPA AR Zh g
(4% A 55 B B, Q0052 IO A R0 L Affy 3 55 AT AR Sy
IRITRCR VAL 3 B B . X T 575 i 2 ek
HITEAL, BR T MR s FH o W 0 Ak 7 31 71
AR T B A, W 8 (electroencephalography,
EEG) AfiifEE (magnetoencephalography, MEG)
W HAIRTT BTG T . Meyer 4 "7 & BLAI 13
AHIC R 2 BLS EEG AR 5 T i e Fi 251 P 035005 S Xt
FRUESEIETERY PTSD SR 9 AE M) 451 . 5 IMRIAH
b, MEG & — i ELAG 45 i I 1] 23 B 232 0% 1 5
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3. Huang %% "' JA i MEG W] A % T w8 s
PTSD W) KMk i sh i, I H MEG nf IVE N2
AN 455 i 45 475 (mild traumatic brain injury, mTBI)
T TE RS AR 10 A A T K _E XT mTBI#1 PTSD i
TS SNIZ T .
TBRTTRCRVEASG FT R S e AR I 5T B (12
BRI, 2 A 7 12 7 A T U b S e S B 4 A K
RO, XA MRS ATF
U AH 25 4 (W PCL/PSS-SR 5 CAPS #H 45
A EEEIR VPG A BRI A SE S (ks
PTSD SER VAL AR PIAR . A FERE AR ITAh AH 25
). BT RNE WA BAT AR AR SE A (ks
I7) 25 e 2 X UL PP AU I K B RN
RN Z KA . INAIHREAT 55 R IR bR L K
TSR VRAIEE G ) A BEARXT L5 A i 4 T 1 Sz ke 1 751
M EIERCR, ST EEYE . AT
T . IR B PEAR Y 55— T T - s ] [
L R R B TR RN A 7 R ARt e], B
TRIT IR . BRIA YT A BB RS, AT SCEEE
() Ahmadizadeh 45 ) Xt Lt 240 381 S84 A0 XU il 384 )
SRR e PR b S e A T TR B A B 22
S, E UM S RS AR P % e i) B L B R S
F St 2w LHLLE AR AFE, Grisaru
4 ST AV AE 35 min N 25T PTSD £ 30 YO
F W 2 F] TMS XF PTSD i IR 235 09 178 1 . ik 4h
Blumberger 55 " X} H = 431 10 Hz rTMS 5 iTBS X
TRRE VR FBCR . R BARIR 3 min iTBS X T4
SR B BGEE R A L 37.5 min rTMS VAT TR 2% .
FEIRIT ORI FFEE AT ] 5, Mccann 45 7 & B
TMS A W Z VEHRCE, (AR TWER—1HE
X A 2 A% SRl [P 3] T LR KO- I, BRIk
P AT BESZ Oy R s, HAAESE A
T2z 5 IR YT B RCPE BB 8IS SN T6 YT A st ) 1 R A
B, BHFT I TMS X PTSD SEdR A el 35 A4 T
Hofth 77 R A A () 4 B 5 BAT DR 3. 5k H min
T, BRI RO AR TT A SO TR R R R b
F .
6.1.3 = [H] i o (TR P
SR 2 ] S o B MR M S ) T FUSOUR Y
KHERNZE . BT 2 A Ay 2R3 T3k B ik
LAY EEG1020 i R G0, BT UMAMRE LT
FE AT F3 Locator R4 Bhib A ToE 0, 4K R AT
BLWFSE K T a0 Sk B A = S A A
A, BREEYS A ShE Bh A9 RE 1 F3/F4 4 1

I IUVFEEE TR TS5 MR IR S50
2 FMUAAERR SR LA 2] T AT Z N L %
e AL RE A ATk 1 5 o7 B0 43 1) H b 3%
A NIHRUE T 7 & R 7

6.2 TMSTFPTSDHIE R A

TMS X§ F PTSD Hy T Tl 7 & 25 26y, RIAF5E
F AL H ARG N T PTSD B KOs i TMS X T4
ARECE RS . Tk, AR RIEL T, it
PTSD £ AE R B3 ARV IO 2 TR A RECR . 15T
K FH A IR S AR G s MR B ncte, il
REBEQGATINERT, WEHT TMS, B
5% & 5 FH S 12 75 0 [ B8 7 B TMS Y+ T AL
S G R ILE B IA R, eI R — AN AR
HAAEETRATR R, X5 T 2 2l i RGN E
(REEFIR AR A LI ) 5 E AR B2 BT i A2 Ik
WA, XA YL A2 2t SRR 2
WZJa, SMEEIEHEAASTRE R, T IE
U, PRI 4 B 1) 78 10 PN A T O O 2 T i — b
SIFHACAFEHCIZ, XM iciz &g R
U 2 J5 (R A I AR B T ok 2 e i L G
FIRSEICAC B T DU AR . 25 s 28
. NN = W b 1= 31| <N D W& W e 0 228 o
U TMS I TES &5 172 1251260 (| 30 o phe 75 B A
VST J5 1) —E IR N T, BCC AL AR
D CHERT A % O, SR IC 2P A A9 10 min 2]
6 hZ N 27 FE XA B[] 1 11 PN A B O AT AR
7 1 BSF Toa) 7 11 ) B SO I 2 A T AR I 28 VAT K
bl g2 4 PTSD S BRI T WK
WG, ZAME I B ARSI, RS S
FA)-FH- L T s ) 6 11 B 2 77— B S 400 TMS ok
XA G224 T B SO TR BUH IR ICTZ, 3%
FIE IR IO SR 280 TR ILE 2 J5 DR B T ok L 3d
XA, PTSD B A 1CAZ 84 RES Bl A%
UNEIR, iR B A RRIRITROR | AR E R
TMS 25 BB G .0 BT i R BT Ik 45, R
TS Ui e iy e S I I R e S P €
R [

SMTH Z, TMS AR — Rl 2% i Jo Ak # 22
PR FARTE A SR 22 A0S 2] T 732 (5% AR
R R % 107 X RE#E A &k 3% PTSD
SR, [HUE TMS i HORBE 2T I HI7E PTSD (I R
IBYTFE)T L. PTSD BN A Re i & 2 7 T Y,
WRACAS . FEEMPATIIRESE, TMS 1)1 225
LT PTSD M HLHIBFFE T, FE bl ok 548
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B RIS E . RO S 28 (B 67 DA S g ST
TR e AR AT RO P IR R . A, S5AH
MAHSC R EE ST HERE , WNBETFE 1200 I [ 2
WKL TR ¥ PTSD LS i697 ik 5 TMS
TR A LA S — 25 3 i T TR A 22 i (] 45
LA TG BT AN WA R TG IE .

B 20190305 3 S1.pdf WL AS SC I 2% Ji (http s //
www.ibp.ac.cn B http: //cnki.net)

Z % X M

[1]  Association A P. Diagnostic and Statistical Manual for Mental

DSM-5.
Association, 2013

[2]  Shin L M, Rauch S L, Pitman R K. Amygdala, medial prefrontal

disorders: Washington: ~ American  Psychiatric

cortex, and hippocampal function in PTSD. Annals of the New
York Academy of Sciences, 2006, 1071(1): 67-79

[3]  Henigsberg N, Kalember P, Petrovi¢ Z K, et al. Neuroimaging
research in posttraumatic stress disorder - Focus on amygdala,
hippocampus and prefrontal cortex. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 2019, 90:37-42

[4]  Straud C, Siev J, Messer S, et al. Examining military population
and trauma type as moderators of treatment outcome for first-line
psychotherapies for PTSD: a meta-analysis. Journal of Anxiety
Disorders, 2019, 67:1-12

[5]  Steckler T, Risbrough V B. Pharmacological treatment of PTSD -
established and new approaches. Neuropharmacology, 2012,
62(2):617-627

[6] Dayan E, Censor N, Buch E R, et al. Noninvasive brain
stimulation: from physiology to network dynamics and back.
Nature Neuroscience, 2013, 16(7): 838-844

[7]  Frohlich F. Chapter 15 - Noninvasive brain stimulation [M]/
FROHLICH F. Network Neuroscience. San Diego; Academic
Press.2016:197-210

[8]  Miniussi C, Ruzzoli M. Transcranial stimulation and cognition.
Handbook of Clinical Neurology, 2013, 116:739-750

[9] B S AEE R 0P At NREH i, 2005
Lu Z Y, Du J Z. Memory Psychology(in Chinese). Beijing:
People's Education Press, 2005

[10] Vrana S R, Roodman A, Beckham J C. Selective processing of
trauma-relevant words in posttraumatic stress disorder. Journal of
Anxiety Disorders, 1995,9(6): 515-530

[11] Mcnally R J. Experimental approaches to cognitive abnormality in
posttraumatic stress disorder. Clinical Psychology Review, 1998,
18(8):971-982

[12] Itoh M, Hori H, Lin M, ef al. Memory bias and its association with
memory function in women with posttraumatic stress disorder.
Journal of Affective Disorders, 2019, 245:461-467

[13] Moradi AR, Taghavi R, Neshat-Doost H T, e a/. Memory bias for

in children and adolescents with

emotional information

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

posttraumatic stress disorder: a preliminary study. Journal of
Anxiety Disorders, 2000, 14(5): 521-534

Wicking M, Steiger F, Nees F, e al. Deficient fear extinction
memory in posttraumatic stress disorder. Neurobiology of
Learning, 2016,136:116-126

Careaga M B L, Girardi C E N, Suchecki D. Understanding
posttraumatic stress disorder through fear conditioning, extinction
and reconsolidation. Neuroscience & Biobehavioral Reviews,
2016, 71:48-57

Mobbs D, Hagan C C, Dalgleish T, et al. The ecology of human
fear: survival optimization and the nervous system. Frontiers in
Neuroscience,2015,9:1-22

Vanelzakker M B, Dahlgren M K, Davis F C, et al. From Pavlov to
PTSD: The extinction of conditioned fear in rodents, humans, and
anxiety disorders. Neurobiology of Learning and Memory, 2014,
113:3-18

Myers K M, Davis M. Behavioral and neural analysis of
extinction. Neuron, 2002, 36(4): 567-584

Orr S P, Metzger L J, Lasko N B, ef al. De novo conditioning in
trauma-exposed individuals with and without posttraumatic stress
disorder. Journal of Abnormal Psychology, 2000, 109(2): 290-298
Milad M R, Orr S P, Lasko N B, et al. Presence and acquired origin
of reduced recall for fear extinction in PTSD: results of a twin
study. Journal of Psychiatric Research, 2008, 42(7): 515-520
Watson J B, Rayner R. Conditioned emotional reactions. Journal
of Experimental Psychology, 1920,3(1): 1-14

Bakker A B, Kirwan C B, Miller M I, et al. Pattern separation in the
human hippocampal CA3 and dentate gyrus. Science, 2008,
319(5870): 1640-1642

Kheirbek M A, Klemenhagen K C, Sahay A, et al. Neurogenesis
and generalization: a new approach to stratify and treat anxiety
disorders. Nature Neuroscience, 2012, 15(12): 1613-1620
Lopresto D, Schipper P, Homberg J R. Neural circuits and
mechanisms involved in fear generalization: Implications for the
pathophysiology and treatment of posttraumatic stress disorder.
Neuroscience and Biobehavioral Reviews, 2016, 60:31-42
Kaczkurkin AN, Burton P C, Chazin S M, ef al. Neural substrates
of overgeneralized conditioned fear in PTSD. American Journal of
Psychiatry,2017,174(2): 125-134

SIS O B A A 4 R bt dE RIS R A
2012

Peng D L. General Psychology(in Chinese). 4 ed. Beijing: Beijing
Normal University Publishing Group, 2012.

Pineles S, Shipherd J, Welch L, et al. The role of attentional biases
in PTSD: Is it interference or facilitation? Behaviour research and
Therapy, 2007,45(8): 1903-1913

Pineles S L, Shipherd J C, Mostoufi S, et al. Attentional biases in
PTSD: More evidence for interference. Behaviour Research and
Therapy, 2009,47(12): 1050-1057

Fleurkens P, Rinck M, Van Minnen A. Specificity and
generalization of attentional bias in sexual trauma victims

suffering from posttraumatic stress disorder. Journal of Anxiety



330

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2020; 47 (4)

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Disorders, 2011, 25(6): 783-787

Freeman J B, Beck J G. Cognitive interference for trauma cues in
sexually abused adolescent girls with posttraumatic stress
disorder. Journal of Clinical Child Psychology, 2000, 29(2):
245-256

Ashley V, Honzel N, Larsen J, et al. Attentional bias for trauma-
related words: exaggerated emotional Stroop effect in Afghanistan
and Iraq war veterans with PTSD. BMC Psychiatry, 2013, 13(1):
1-11

Litz B T, Weathers F W, Monaco V, et al. Attention, arousal, and
memory in posttraumatic stress disorder. Journal of Traumatic
Stress, 1996, 9(3):497-519

Zinchenko A, Alamin M M, Alam M M, et al. Content specificity
of attentional bias to threat in post-traumatic stress disorder.
Journal of Anxiety Disorders, 2017,50:33-39

Diamond, Adele.
Psychology,2012,64(1): 135-168

Schweizer S, Dalgleish T. Emotional working memory capacity in

Executive functions. Annual Review of

posttraumatic stress disorder (PTSD). Behaviour Research and
Therapy, 2011, 49(8): 498-504

Schweizer S, Dalgleish T. The impact of affective contexts on
working memory capacity in healthy populations and in
individuals with PTSD. Emotion, 2016, 16(1): 16-23

Lagarde G, Doyon J, Brunet A. Memory and executive
dysfunctions associated with acute posttraumatic stress disorder.
Psychiatry Research-Neuroimaging, 2010, 177(1): 144-149

OIff M, Polak A R, Witteveen A B, et al. Executive function in
posttraumatic stress disorder (PTSD) and the influence of
comorbid depression. Neurobiology of Learning and Memory,
2014,112:114-121

Flaks M K, Malta S M, Almeida P P, et al. Attentional and
executive functions are differentially affected by post-traumatic
stress disorder and trauma. Journal of Psychiatric Research, 2014,
48(1):32-39

Quirk G J, Mueller D. Neural mechanisms of extinction learning
and retrieval. Neuropsychopharmacology, 2008, 33(1): 56-72
Phelps EA, Delgado M R, Nearing K I, et al. Extinction learning in
humans: role of the amygdala and vmPFC. Neuron, 2004, 43(6):
897-905

Gold A L, Shin L M, Orr S P, et al. Decreased regional cerebral
blood flow in medial prefrontal cortex during trauma-unrelated
stressful imagery in Vietnam veterans with post-traumatic stress
disorder. Psychological Medicine, 2011,41(12): 2563-2572

Shin L M, Orr S P, Carson M A, et al. Regional cerebral blood flow
in the amygdala and medial prefrontal cortex during traumatic
imagery in male and female vietnam veterans with PTSD.
Archives of General Psychiatry, 2004, 61(2): 168-176

Whalley M G, Kroes M C W, Huntley Z, et al. An fMRI
investigation of posttraumatic flashbacks. Brain and Cognition,
2013,81(1): 151-159

Nardo D, Hogberg G, Flumeri F, et al. Self-rating scales assessing

subjective well-being and distress correlate with rCBF in PTSD-

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

sensitive regions. Psychological Medicine, 2011, 41(12): 2549-
2561

Phelps E A, Ledoux J E. Contributions of the amygdala to emotion
processing: from animal models to human behavior. Neuron, 2005,
48(2): 175-187

Karl A, Schaefer M, Malta L S, ez al. A meta-analysis of structural
brain abnormalities in PTSD. Neuroscience and Biobehavioral
Reviews, 2006,30(7): 1004-1031

Veer IM, Oei NY L, Van Buchem M A, et al. Evidence for smaller
right amygdala volumes in posttraumatic stress disorder following
childhood trauma. Psychiatry Research-Neuroimaging, 2015,
233(3):436-442

Morey RA, Gold AL, Labar K S, et al. Amygdala volume changes
in posttraumatic stress disorder in a large case-controlled veterans
group. Archives of General Psychiatry, 2012, 69(11): 1169-1178
Bryant R A, Kemp A H, Felmingham K L, et al. Enhanced
amygdala and medial prefrontal activation during nonconscious
processing of fear in posttraumatic stress disorder: An fMRI study.
Human Brain Mapping, 2008, 29(5): 517-523

Jacques PL S, Botzung A, Miles A, et al. Functional neuroimaging
of emotionally intense autobiographical memories in post-
traumatic stress disorder. Journal of Psychiatric Research, 2011,
45(5): 630-637

Preston Alison r, Eichenbaum H. Interplay of hippocampus and
prefrontal cortex in memory. Current Biology, 2013,23(17): R764-
R773

Milad M R, Pitman R K, Ellis C B, et al. Neurobiological basis of
failure to recall extinction memory in posttraumatic stress
disorder. Biological Psychiatry, 2009, 66(12): 1075-1082

Pitman R K, Rasmusson A M, Koenen K C, ez al. Biological studies
of post-traumatic stress disorder. Nature Reviews Neuroscience,
2012,13(11):769-787

Jatzko A, Rothenhofer S, Schmitt A, et al. Hippocampal volume in
chronic posttraumatic stress disorder (PTSD): MRI study using
two different evaluation methods. Journal of Affective Disorders,
20006,94(1):121-126

Postel C, Viard A, Andre C, et al. Hippocampal subfields
alterations in adolescents with post - traumatic stress disorder.
Human Brain Mapping, 2019, 40(4): 1244-1252

Quide Y, Andersson F, Dufourrainfray D, et al. Smaller
hippocampal volume following sexual assault in women is
associated with post-traumatic stress disorder. Acta Psychiatrica
Scandinavica,2018,138(4):312-324

Buzséki G, Draguhn A. Neuronal oscillations in cortical networks.
Science,2004,304(5679): 1926-1929

Yao Z, Hu B, Xie Y, et al. A review of structural and functional
brain networks: small world and atlas. Brain Informatics, 2015,
2(1):45-52

Admon R, Milad M R, Hendler T. A causal model of post-traumatic
stress disorder: disentangling predisposed from acquired neural
abnormalities. Trends in Cognitive Sciences, 2013, 17(7): 337-347
Rauch S L, Shin L M, Phelps E A. Neurocircuitry models of



2020; 47 (4

P==tc =~
=Raatasl]

% G5 )5 RHPERS ) & SRR R R

*331-

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

posttraumatic stress disorder and extinction: human neuroimaging
research-Past, present, and future. Biological Psychiatry, 2006,
60(4):376-382

Andrewes D G, Jenkins L M. The role of the amygdala and the
ventromedial prefrontal cortex in emotional regulation:
implications for post-traumatic stress disorder. Neuropsychology
Review,2019,29(2): 220-243

Sripada R, King A, Garfinkel S, et al. Altered resting-state
amygdala functional connectivity in men with posttraumatic stress
disorder. Journal of Psychiatry Neuroscience, 2012, 37(4):
241-249

Stevens J S, Jovanovic T, Fani N, et al. Disrupted amygdala-
prefrontal functional connectivity in civilian women with
posttraumatic stress disorder. Journal of Psychiatric Research,
2013,47(10): 1469-1478

Zhang X, Zhang J, Wang L, et al. Altered resting-state functional
connectivity of the amygdala in Chinese earthquake survivors.
Progress
Psychiatry, 2016, 65:208-214

Malivoire B L, Girard T A, Patel R, et al. Functional connectivity

in  Neuro-Psychopharmacology and Biological

of hippocampal subregions in PTSD: relations with symptoms.
BMC Psychiatry, 2018, 18(1): 1-9

Philip N S, Barredo J, Aiken E, ef al. Theta-burst transcranial
magnetic stimulation for posttraumatic stress disorder. American
Journal of Psychiatry,2019,176(11): 939-948

Petrosino N J, Woutfrank M V T, Aiken E, ef al. One-year clinical
outcomes following theta burst stimulation for post-traumatic
stress disorder. Neuropsychopharmacology, 2019, 1-7

Etkin A, Maronkatz A, Wu W, et al. Using fMRI connectivity to
define a treatment-resistant form of post-traumatic stress disorder.
Science Translational Medicine, 2019, 11(486): 1-12

Grasser L R, Javanbakht A. Treatments of posttraumatic stress
disorder in civilian populations. Current Psychiatry Reports, 2019,
21(2):1-19

AR, TR AR 25 7 R et AR T A: ik, 2013
Hao W, Yu X. Psychiatry(in Chinese). 7 ed. Beijing: People's
Medical Publishing House, 2013

Smith N B, Doran J M, Sippel L M, et al. Fear extinction and
memory reconsolidation as critical components in behavioral
treatment for posttraumatic stress disorder and potential
augmentation of these processes. Neuroscience Letters, 2017,
649:170-175

Bartresfaz D, Vidalpineiro D. Noninvasive brain stimulation for
the study of memory enhancement
Psychologist, 2016,21(1):41-54

Yan T, Xie Q, Zheng Z, et al. Different frequency repetitive

in aging. European

transcranial magnetic stimulation (rTMS) for posttraumatic stress
disorder (PTSD): A systematic review and meta-analysis. Journal
of Psychiatric Research,2017,89:125-135

Grisaru N, Amir M, Cohen H, et al. Effect of transcranial magnetic
stimulation in posttraumatic stress disorder: a preliminary study.
Biological Psychiatry, 1998, 44(1): 52-55

[76]

[77]

[78]

[79]

(80]

(81]

[82]

[83]

[84]

[85]

[86]

(87]

(88]

[89]

[90]

Deng Z, Lisanby S H, Peterchev A V. Electric field depth - focality

tradeoff in transcranial magnetic stimulation: simulation
comparison of 50 coil designs. Brain Stimulation, 2013,6(1): 1-13
Zangen A, Roth Y, Voller B, er al. Transcranial magnetic
stimulation of deep brain regions: evidence for efficacy of the H-
Coil. Clinical Neurophysiology, 2005, 116(4): 775-779

Mccann U D, Kimbrell T A, Morgan C M, et al. Repetitive
transcranial magnetic stimulation for posttraumatic stress
disorder. Archives of General Psychiatry, 1998, 55(3): 276-279
Cohen H, Kaplan Z, Kotler M, et al. Repetitive transcranial
magnetic stimulation of the right dorsolateral prefrontal cortex in
posttraumatic stress disorder: a double-blind, placebo-controlled
study. American Journal of Psychiatry, 2004, 161(3): 515-524
Isserles M, Shalev A Y, Roth Y, er al. Effectiveness of deep
transcranial magnetic stimulation combined with a brief exposure
procedure in post-traumatic stress disorder - a pilot study. Brain
Stimulation, 2013, 6(3): 377-383

Boggio P S, Rocha M, Oliveira M O, ef al. Noninvasive brain
stimulation with high-frequency and low-intensity repetitive
transcranial magnetic stimulation treatment for posttraumatic
stress disorder. The Journal of Clinical Psychiatry, 2010, 71(8):
992-999

Nam D, Pae C, Chae J. Low-frequency, repetitive transcranial
magnetic stimulation for the treatment of patients with
posttraumatic stress disorder: a double-blind, sham-controlled
study. Clinical Psychopharmacology Neuroscience, 2013, 11(2):
96-102

Osuch E A, Benson B E, Luckenbaugh D A, et al. Repetitive TMS
combined with exposure therapy for PTSD: A preliminary study.
Journal of Anxiety Disorders, 2009, 23(1): 54-59

Oznur T, Akarsu S, Celik C, e al. Is transcranial magnetic
stimulation effective in treatment- resistant combat related
posttraumatic stress disorder? Neurosciences, 2014, 19(1):29-32
Rosenberg P B, Mehndiratta R B, Mehndiratta Y P, ez al. Repetitive
transcranial magnetic stimulation treatment of comorbid
posttraumatic stress disorder and major depression. Journal of
Neuropsychiatry and Clinical Neurosciences, 2002, 14(3):
270-276

Watts B V, Landon B, Groft A, ef al. A sham controlled study of
repetitive transcranial magnetic stimulation for posttraumatic
stress disorder. Brain Stimulation, 2012, 5(1): 38-43

Raij T, Nummenmaa A, Marin M-F, et al. Prefrontal cortex
stimulation enhances fear extinction memory in humans.
Biological Psychiatry, 2018, 84(2): 129-137

Trevizol A P, Barros M D, Silva P O, et al. Transcranial magnetic
stimulation for posttraumatic stress disorder: an updated
systematic review and meta-analysis. Trends in Psychiatry and
Psychotherapy,2016,38(1): 50-55

Clark C C, Cole J T, Winter C, et al. A review of transcranial
magnetic stimulation as a treatment for post-Traumatic stress
disorder. Current Psychiatry Reports, 2015,17(10): 1-9

Ahmadizadeh M-J, Rezaei M. Unilateral right and bilateral



+332-

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2020; 47 (4)

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

dorsolateral prefrontal cortex transcranial magnetic stimulation in
treatment post-traumatic stress disorder: A randomized controlled
study. Brain Research Bulletin, 2018, 140:334-340

Downar J. Theta-burst stimulation in major depression: clinical
and neuroimaging results (should be attached to Symposium
"Transdiagnostic Theta Burst Stimulation - the Future is Now" by
DrNoabh Philip). Brain Stimulation, 2019, 12(2): 524-524

Littman L, Datto S M. The use of continuous theta burst
stimulation for the treatment of anxiety: A case series. Brain
Stimulation, 2018, 11(6): e13-¢13

Reis J, Swayne O, Vandermeeren Y, et al. Contribution of
transcranial magnetic stimulation to the understanding of cortical
mechanisms involved in motor control. The Journal of Physiology,
2008,586(2):325-351

Philip N S, Ridout S J, Albright S E, et al. 5-Hz transcranial
magnetic stimulation for comorbid posttraumatic stress disorder
and major depression. Journal of Traumatic Stress, 2016, 29(1):
93-96

Carpenter L L, Conelea C A, Tyrka A R, ef al. 5 Hz Repetitive
transcranial magnetic stimulation for posttraumatic stress disorder
comorbid with major depressive disorder. Journal of Affective
Disorders, 2018, 235:414-420

Kozel F A, Van Trees K, Larson V, et al. One hertz versus ten hertz
repetitive TMS treatment of PTSD: A randomized clinical trial.
Psychiatry Research,2019,273:153-162

Huang Y, Edwards M J, Rounis E, ef al. Theta burst stimulation of
the human motor cortex. Neuron, 2005,45(2): 201-206

Chung S W, Hill A T, Rogasch N C, et al. Use of theta-burst
stimulation in changing excitability of motor cortex: A systematic
review and meta-analysis. Neuroscience & Biobehavioral
Reviews, 2016, 63:43-64

Masashi H, Nagako M, Alkomiet H, et al. The role of interneuron
networks in driving human motor cortical plasticity. Cerebral
Cortex, 2012,23(7): 1593 - 1605

Li C, Huang Y, Bai Y, et al. Critical role of glutamatergic and
GABAergic neurotransmission in the central mechanisms of theta-
burst stimulation. Human Brain Mapping, 2019, 40(6): 2001-2009

George M S, Raman R, Benedek D M, et al. A two-site pilot
randomized 3 day trial of high dose left prefrontal repetitive
transcranial magnetic stimulation (rTMS) for suicidal inpatients.
Brain Stimulation, 2014, 7(3): 421-431

Reznikov R, Binko M, Nobrega J N, et al. Deep brain stimulation
in animal models of fear, anxiety, and posttraumatic stress disorder.
Neuropsychopharmacology, 2016,41(12):2810-2817

Torok B, Sipos E, Pivac N, et al. Modelling posttraumatic stress
disorders in animals. Progress in Neuro-Psychopharmacology and
Biological Psychiatry,2019,90:117-133

Baek K, Chae J, Jeong J J N. The effect of repetitive transcranial
magnetic stimulation on fear extinction in rats. Neuroscience,
2012,200:159-165.

Guhn A, Dresler T, Andreatta M, et al. Medial prefrontal cortex

stimulation modulates the processing of conditioned fear.

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Frontiers in Behavioral Neuroscience, 2014, 8:1-11

Legrand M, Troubat R, Brizard B, et al. Prefrontal cortex rTMS
reverses behavioral impairments and differentially activates c-Fos
in a mouse model of post-traumatic stress disorder. Brain
Stimulation, 2019, 12(1): 87-95

Bishop S J. Neural mechanisms underlying selective attention to
threat. Annals of the New York Academy of Sciences, 2008,
1129(1): 141-152

De Raedt R, Leyman L, Baeken C, ef al. Neurocognitive effects of
HF-rTMS over the dorsolateral prefrontal cortex on the attentional
processing of emotional information in healthy women: an event-
related fMRIstudy. Biological Psychology, 2010, 85(3): 487-495
Sagliano L, Dolimpio F, Panico F, e al. The role of the dorsolateral
prefrontal cortex in early threat processing: a TMS study. Social
Cognitive and Affective Neuroscience, 2016, 11(12): 1992-1998
Ameis S H, Daskalakis Z J, Blumberger D M, et al. Repetitive
transcranial magnetic stimulation for the treatment of executive
function deficits in autism spectrum disorder: clinical trial
approach. Journal of Child and Adolescent Psychopharmacology,
2017,27(5):413-421

Bagherzadeh Y, Khorrami A, Zarrindast M, et al. Repetitive
transcranial magnetic stimulation of the dorsolateral prefrontal
cortex enhances working memory. Experimental Brain Research,
2016,234(7): 1807-1818

Marron E M, Viejosobera R, Palaus M, et al. P237 Modulating
executive functions and working memory performance on clinical
neuropsychological tasks with theta burst transcranial magnetic
stimulation. Clinical Neurophysiology, 2017,128(3): e130-e131
Milad M R, Quirk G J. Neurons in medial prefrontal cortex signal
memory for fear extinction. Nature, 2002,420(6911): 70-74

Quirk G J, Likhtik E, Pelletier J G, et al. Stimulation of medial
prefrontal cortex decreases the responsiveness of central amygdala
output neurons. The Journal of Neuroscience, 2003, 23(25): 8800-
8807

Riedel P, Heil M, Bender S, et al. Modulating functional
connectivity between medial frontopolar cortex and amygdala by
inhibitory and excitatory transcranial magnetic stimulation.
Human Brain Mapping, 2019,40(15): 4301-4315

Wang J X, Rogers L M, Gross E Z, et al. Targeted enhancement of
cortical-hippocampal brain networks and associative memory.
Science,2014,345(6200): 1054-1057

Meyer T, Smeets T, Giesbrecht T, et al. The role of frontal EEG
asymmetry in post-traumatic stress disorder. Biological
Psychology,2015,108:62-77

Huang M, Risling M, Baker D G. The role of biomarkers and MEG-
based imaging markers in the diagnosis of post-traumatic stress
disorder and blast-induced mild traumatic brain
Psychoneuroendocrinology, 2016, 63:398-409
Blumberger D M, Vila-Rodriguez F, Thorpe K E, et al.

injury.

Effectiveness of theta burst versus high-frequency repetitive
transcranial magnetic stimulation in patients with depression

(THREE-D): a randomised non-inferiority trial. The Lancet, 2018,



2020; 47 (4

P==tc =~
=Raatasl]

% G5 )5 RHPERS ) & SRR R R

+333-

[120]

[121]

[122]

[123]

[124]

391(10131): 1683-1692

Beam W, Borckardt J J, Reeves S T, ef al. An efficient and accurate
new method for locating the F3 position for prefrontal TMS
applications. Brain Stimulation, 2009, 2(1): 50-54

Schwabe L, Nader K, Pruessner J C. Reconsolidation of human
memory: brain mechanisms and clinical relevance. Biological
Psychiatry,2014,76(4):274-280

Sandrini M, Cohen L G, Censor N. Modulating reconsolidation: a
link to causal systems-level dynamics of human memories. Trends
in Cognitive Sciences, 2015, 19(8): 475-482

Alberini C M, Ledoux J E. Memory reconsolidation. Current
Biology,2013,23(17): R746-R750

Agren T. Human reconsolidation: a reactivation and update. Brain

Research Bulletin, 2014, 105:70-82

[125]

[126]

[127]

[128]

Brunet A, Orr S P, Tremblay J, ef al. Effect of post-retrieval
propranolol on psychophysiologic responding during subsequent
script-driven traumatic imagery in post-traumatic stress disorder.
Journal of Psychiatric Research, 2008, 42(6): 503-506

Sandrini M, Caronni A, Corbo M. Modulating reconsolidation
with non-invasive brain stimulation—where we stand and future
directions. Frontiers in Psychology, 2018,9:1-4

Schiller D, Raio C M, Phelps E A. Extinction training during the
reconsolidation window prevents recovery of fear. Journal of
Visualized Experiments, 2012, (66): 1-9

Fryml L, Pelic C, Acierno R, et al. Exposure therapy and
simultaneous repetitive transcranial magnetic stimulation: a
controlled pilot trial for the treatment of posttraumatic stress

disorder. Journal of Ect, 2019, 35(1): 53-60



334- EYUZSEYYIEH#RE  Prog. Biochem. Biophys. 20205 47 (4)

Research Progress of Transcranial Magnetic Stimulation for Posttraumatic
Stress Disorder”

LU Ping-Ping" *, WANG Liang" * ™
(V' CAS Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China;
2 Department of Psychology, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Posttraumatic stress disorder (PTSD) can impair cognitive functions such as memory, attention, and
executive control, and induce the abnormality of brain activity and functional connectivity between brain regions.
Although pharmacotherapy and psychotherapy can achieve a certain degree of therapeutic effects, there are
problems such as side effects and delayed onset of action. Transcranial magnetic stimulation (TMS) has attracted
more and more attention as a new intervention method for posttraumatic stress disorder. Here we systematically
review the studies of the effects of TMS in the intervention of PTSD and the regulation of cognitive function and
brain activity. The issues of TMS in the intervention of PTSD were discussed, including the stimulation pattern,
the stimulation target and the efficacy evaluation. In the future, the intervention programs with long-term clinical
improvement can be explored by applying more effective techniques for precise targeting, establishing integrative

and effective evaluation systems, and combining new memory theories.
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