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SR NI 2 A, N ) BE RS 5 1 Rk
PR ) 22 bR TR ekt R T B, R
BEYNGIT K AFE HEAE, B HAE B /R 5 300
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F 5% ¢ B0 S S AE A8 5 v 2976 30% %) 25 1697
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o5 1) 2 LA R 38 (brain stimulation) UK A ZIRTT
¥ (neurotherapeutics). {H5 R M2, K#H L BN
RI(BRAIN Initiative) . KX ki 11 %1 (Human Brain Pro-
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1 AR AR5
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HL /R 72 IR JT (electroconvulsive therapy, ECT)J&if
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R R A FC L R RS . B XX P E A/ FH, Bennett Al
Liberson 5t J5 fif F w38 i #8575 4 LR AR 3t 570) ARG YA
I7 HR AR R R R AR, L KR e K e R i A D
ECTXHCAZTh e i #1475, 78 b 3L 7% F, Holmberg 1
Saltzmandit 11 M LR FA 5t 5] A9 25 25 ik 42, fEECT S
gz 4t e K RY e A T R LR A T R R K
JER TS50 AL PR it 300, A T s AR %) Sl 5 3k
FEL DB A ) SR S R B0, AN R B g P ik gk b
4R 78 (magnetic seizure therapy, MST)F| %Y
77 R R B K e G R T R B 2 X, R AR
JERN FL I T T R 22T FL TG 31, AR B3R T 0
1) 5 0. AR R I R N Y, MSTHRITE & i dhia
HECTZA, {BHRpLit a5, KRR E (EEG) T
AN ARG M 50N, GBS B S ECTIRFE P I AR RL
F. 20114 Kayser: A5 i L AMSTSECT, & PH
B RiERT B AT S . WLUN S . EEGUE TR
FUULRL U RRAE Ty T T o 3 25 55, (HEMSTIRYT 1Y R
e H F TR S AN E W) 3K S RS ECT I Sk 45 4.

1.2 Zfminggdaig

2% i % ) % (transcranial magnetic stimulation,
TMS) i BarkeE 19854F B Y0 . 388 320 45 248 2% 2% P ik
103K TR E TR AL, M TMS Y 25 28 00 FLIRE, H 37
1ot 2R B I AE LR B A Bl 7= A2 1.5~2.5 THY R i, %
AW S 45 VL5 4 VB A L 0 O [l 1ok Sk B RN,
| 7 J2 2% 1 LAV 5 4 22 o0 B T RE O A 4k ) o R
2 5, R TMS R (< 1 Hz)@ = 3 =3 s 24800
ARG Bl BRI RN K 2 2% A i i s Al TMS il (=
3~5 Hz)ill i 5 (LR s 4 e T 2, B2 K iz 2
MEFPEMY T R, TMSER R R I feny T
H, W ZFEIPMML . 697 RHER R 7. TMSH
P RS NAIIRE A E ] MM 202
AR B DT S BN TMS AR 4 i X AT S B0 T 1)
RERI 5, B TMS M 56 B4 T il e 40t 3% 12, ok
it B AR T B 2 2R e Thse S A AL. B S
Kossylin% A TMS 51155 AT L I AHZS &, (AR
A 25 PG K (repetitive TMS, rTMS) &I #E X
S N, TR A BB R D 52 XA 6 1 UET fE
FL BB AR A A AR 5 A A 2 E AR
7% H R B ELAE .

TEYRIT 71, A 20084 TMS & FDASM i F T+
HBAE BRI I, A [RVSEA 5 o7 45 A v T

ANFEIRE I RYY . AN MRS r TMSYE H T 4b 7832 3l X
B (SMA) T A R 2% it A 4 #f /B B0 | a8 31
17 265 B DR ok o ™S, R 09 & =C 8, 78 0
FIARAE A4 S AR TG YT TP i B W] R AT R

AR B A2, BEETMS 19 E A 2 Bk T4
ITH A NG R ok 10/20 EEGRE (A, it
BeVE# 2 8] 22 5 (inter-performer  variability) & — A
AN ) R, A AR Sk F ) AR S 1 R AT 1 S
5 8 i AR FRUAS AR 25 B 0967 SR B R 1
T 4F 3R TMS 5 MRI, PET, EEG 45 & A AU Nag T
TMSHY RSV, 4R TH T TMSERAE o 8 5 10k 1
HE T 0 19X 45 T A TIMIS 8 A o1 2 Do 2 78— T ssfe S
TG BRI T Sk 2 0L A A S,

G TMS Y JR BR MR BLAE: (1) ZFiE 10 )RR
TMS 5% J1 207E2~3 cm, Bk ¢ J2 0 5 m K o (i
ZEFA, SR IX — B 5 1 7 ik 25 46 0 i Rk 9 /2 4
BEARPORRNER. 2) H¥EKEEST R KIHFDA
WEFER T %6, B0 B B TMSIR YT 5 B4 JH 1 415
W, 30 ~45 min/ik . #LE3~4D Y. (3) TMSH 4R
RN ST R JR BR, AR & TR H VR 4
il (deep TMS, dTMS)fli FHHAIZ [, Hl 34 285 ]
IKFN6 em, TR R J2 T G5 R AR G £ 4 34 4z,
AN 25, BRI 45 S0,

1.3 ZfuiHLfalig

24 Ji5 EEL 0¥ (transcranial electrical stimulation,
tES) 38 2 7 3k F 3% 18 95 R D0 A 1] i PN A% 326 I 58 B
B (1~2 mA), DLk B4 e s B AR p 28 50 1 24 Ay 1
S E A W X TG 3. e B S, Scribonius Lar-
gus % A ) FH R, B 50 H, f) 350 6 0 T AT LA 2 e T 0 Sk
Jo L FH L R B R ROGT i RE  B YR AE L FR R
AR Ak P AR i 2ok 38 A A R A A 22
(BSEZATARN: (1) 285010 H fil ¥ (transcranial di-
rect current stimulation, tDCS); (2) £/ A2 I B, Il i
(transcranial alternating current stimulation, tACS); (3)
2 151 B A1 M 75 3] 384 (transcranial random noise stimula-
tion, tRNS); (4) 28 Jik i H1 fill % (transcranial pulsed
current stimulation, tPCS).

Hoh Z 85 8 7EDCS FItACS. 3Ffa L1 il
W7 %8 IERORN (anodal) . 5B R (cathodal) Al K
PP (sham). TEHRRIE 5 o 22 o0 B9 24k, 7R
A RN (LTP); S AR S il 4 28 T i 24 ar 1,
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Az 22 R O P L IeDCS B 9T SR AR H 3 %
(0.02~0.5 mA), Hl FH/DrrfEtk HE, AR
5 R 2 FARK. BEE IR RIS AW I &, (DCSHYIA
577 AW G L. 20064E 5 A WU BEHLXT R 5
% B A 0 A G &5 i (DLPEC) 1T 2% i 0 A e
A 60%~T0% K AEIR . 7 20084F 55 — W 5% % FA,
tDCS X I ARAE MR B4 8l 3% 7] LA4EH530 dZe 4124, JF H
Xof $1 1R 2 A AMARAE (1) 52 1 R AR B & 05 T ¥
ER

5 tDCSANIA], tACSIE i3 A8 4 B 3t P 5 H A pib 48
JCRLAT 54 4 1R (B LA 3k B kAR B J2 A2 T I R
. MKHE EEGEIN # I (MEG) il it 1 J2 2 7%
TR LIRS B, B &(1~3 Hz), &(4~7 Hz) |
a(8~13 Hz). [(14~30 Hz)Fl(>30 Hz). #F75%M, 20
Hz [ tACS FJ 5 57 P 52 1 iz B3 A3 2% A S X632 20 1)
2% (1 JE 20 T AR LACS  (AM-tACS) i 3o % ol B
R G R LAk B XA L AL | AR N R R 4
B T A TG SR fItACS, AM-tACS A 4 4 Hb
4y BSEEGIXMEGHME ¥, I HLud /b K Bk i AN 18 Ik

1.4 2l ok

25 11 #8 75 I 3% (transcranial focused ultrasound
stimulation, tFUS )& H & J1 % 19 = 28 3 1, Jil ek
I R R R R DX N A e g B 5 TMS AL,
tFU S/ 55 AR AT i A P Ap S =, IR AT 8E 75 (0.5 MHz)
R T4y b 28 0 R, e UER P L T ) 25 [R)RS
Wbk, B400.5 MHZAE# 23 mm, 1100 MHzA] LLKS
HEI15 um. Shisse L0, (FUSH SR B n] 351
X, FE AR T R i A 5 B Y O S S A
AR Lo LA U B0, H R OE T FUS Y I R 1
FHAXRR 45 e Pk RR B 2 D B LR, HLfaE #/0.
TE20174F & T 25 3R h FUSHE y —Fh B i AR 12 A1
2, T ASE BAMEF R AR R 2, i an ke
IR O T R A 4 AR 1200, B 2 tFUS $52 A 10 AS e
ek, FEHh =650 kHz) e B #5 (EBI T, (FUSIHS
BRI 3K2 mm, FF AT 58 B B I A9 I PR I 5% 59 A1,
TEMRISAT T, K431 (220 kHz)4 68 #5058
SBT3 Ve R o 3 i e R ) 45 2

| R 2 BURA R o o 1
o, M NRER B —Fh, 7828 S0 £1 AN O R
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(transcranial infrared laser stimulation, TILS)H 3% it il
BAER T KM 2 e got. HIgyr HLlIE 49
R 27 IO A I 2T A A T 40 R L 3 5
ZLICHYIG Bl HE A B TN D) R R T B
PRI I VE FIPY. 201348 15 A4S B AL X HR LG 1IE S2 TILS
YEFFDLPFCHY X Fpe b ik & . T Ew e A
BETFRORP. A H, I g B 21 41 56 98 15 (photoneur-
omodulation)ifi iz BT LT AN, i b 28 00 N R 2
WSS~ DA A B A 5 A% Sl i, LR R A
DAY A 4T i 0 3% 4R T Bl ) AT B 3 i ).

2 R AR

2.1 R

TRIB NI # (deep brain stimulation, DBS)AY #il i
IS5 B 2 T I 25 A sl A% A, 5 BT 5T AR
F AR PN LA A% 3o A R A A0 R F ORI . E 19504F
DBS 1 YR FH T 1 4 A5 (PD) i # Y, #£20024F 4
FDAIL I T+ 2% f# PD 8 & 11z sh i k. DBSXIPDRY
T R ALEE DL R LA (1) J5 R MEPD e 1
VG WiR T, I ROR W N () SshiE:
U S BN ESOSUAH S B s (3) ZWIXMEIRTERE B (4) 133
Wedh: <TG (5) WK IRas; (6) Joikmi 2z 42
JiE 22 B S5 H A 4 AR08 25 00 1 R B (AN 25 9175 14
B PEMRILE). i T PDE 8 M B RS, DBSTF AR
(A R T 1 R S M A B B R R A5 R, PDA
IF52 B2 1 3 e i 09 S8 3 6 R S T 4 1 B D7 o A 3 o
LT AL 56T B PO MPD R B
() H SRR (81 N 25 A e . A MR T e PR A LA B ™ B
T i B Bl A 2005 #fRE R B, HR R DBSF ARG IT 1)
P[] 1 28 05

HRH5 PD AR 3 fi oA S 3 %) R 32 486 00 38 1) 35 o7
B Z WA

(1) F i #% A1 (subthalamic nucleus, STN): %
40 1 TR AR BT X 2 AR B AR, RJE Al 22 e £ 1
JH 5 30%~50%, 7% 0] LA 32 ek 36 5 sl BT, (H X
AR E S N, A A PR SR (variable fre-
quency stimulation, VFS){EH T STNX T M5 7k 45 2
Az gk B B AR YL ) s ek
(GPi): Xz iR gE | WUk B R WSS hE R, A HiE
P SEMVER, ARJE AT I KU 30N, [HARE
W A 2 R TR (3) IFREAZ (PPN): % STNA



GPUR YT RURAE Y A 2 IR A A0 28 B 4% AT REAA 2K,
B TR AT D, a5 SRR @) Bk
JE R A% (vim): HEF X R BURE R, AN fig el H A AE
M. (5) MeynertFE JFCAZ : AR 5 3% T o 35 0w TR
(ERSE RSB A& NITE

FRPD4F, 20094FEFDAHIL #iE DBS T 5 36 4 (135
I7. TEXEIG PEAARAE i6 Y7 )7 T, DBS i Ak T4 B B,
HEABRBRBE. 60 5 1 DB S BE £ 3% K FE
#(nucleus accumbens, NAcc) A ZEfi# 105 ¥EIE 1 A AR
i S5 A SR A R R, BF S R BRI B
S| FAT 1] RS A A DX s AR, X — 4
SR AL TR R AL A — 3R 124 6] 9 DBS
PR 22 0 BRI IG v, O F1AE SRR AE £ RN 749
UAH B fis K8 3 322 A2 F0f [l S HF i DB SR YT, Fli Ui
TR IIRYT IR 24852 K AN 18%, N R N 41%; Ih
I7 G VAR KR N 36%, N FHN36%; 1HIT G AR
S RHNE58%, WEFN2%™, Fe it — I I bR 2%
P4 I AR 3 6 22 1 o) 8 I SCBR AR LR T 245 P HIE 4L
PEIARIE, 23 16 HIDBSIRYIT IE I A &
BE AR Ak, AT R A B TR S DBS,
4] & ¥ (closed-loop) DBS AT LA S B 43 U i 22 7 Y
R T B 8 3 S8, DR I A 0 e R A ) O
T 5 Ay e k.

2.2 AR

HOEM AR Tmishs, &HFMEN—F, FHA
BRI IR AR 2, PRI . ORETTHEE . ARSI
PRI 73 0 RSO 253 Sl B PRl 2 A 28 3 (vagus
nerve stimulation, VNS)A YT FPAX #H 48 22 G 59 44
A8 Jacob ZabarrafE 1988442 H, bR 15 i 2K & #f
21D Sl € I T o LY &SN A A RN R DN 3
JHUOL VNSTR B B A BE TR FEA—
Lo RERM S B, H—RSK&EEEAM
R 2K E M 2. BT DBS, VNSHYRIVE /b,
D 2 P T S/ AN Sy 22

2.3 il T )24

fivi 5 Bz JZ 3 (epidural cortical stimulation,
ECS) il 7 4 e i DX 1% B g €, FCAE FH O =X ok 4
% TDBS, ECSTEAUF il F AR T Hy % 4147, ECSil
Ik kAR L A R R 5 1), DA ORI T M 20T
PTG S, H20004F &, ECSHH FRmMLAGME.

B 1 (MERRE )M ER I ELE. TMS: S E R,
ECT: HUKTEIAYT; MST: BEIKTL; TILS: &5 LA H; DBS:
VRIS VNS: R EMZ; ECS: BRI R 2L, tDCS: £
P EL I HLRG tACS: 2B FLRIG (RINS: 8 F B ML IR 75 00355
tPCS: Z2 bk i LA, (FUS: 2850k 75 AL

Figure 1 (Color online) The summary of modality-driven brain stimu-
lation. TMS: Transcranial magnetic stimulation; ECT: Electroconvulsive
therapy; MST: Magnetic seizure therapy; TILS: Transcranial infrared
laser stimulation; DBS: Deep brain stimulation; VNS: Vagus nerve
stimulation; ECS: Epidural cortical stimulation; tDCS: Transcranial
direct current stimulation; tACS: Transcranial alternating current stimu-
lation; tRNS: Transcranial random noise stimulation; tPCS: Transcranial
pulsed current stimulation; tFUS: Transcranial focused ultrasound stim-
ulation

RUGBEE | 128 B 205 fPDAYIA T, IT4E K,
TN ECSIE I7 25 Wy HE 0 AL 30 AR AE (1% BE AL X 1R 3 56
(n=5) & BLAE ) 3% 22 ) 35 4 6 %5 i (DLPFC) J5, &8
B I ARRE IR A R AE S0% LA 1,

3 PRI A J 2

2 i b 28 R 4 R A I B 1A 58 FLR YT
HE) Z N RS, (A7 R i i s, 26
—, NBEM & 5 M (heterogeneity): A ] (1) 25 57
R 7 BN L INVAITRE . INE S 2 .
SRR R A FEVN S Z —, W -
JZHEES (scalp-to-cortex distance, SCD), fR R I+
S A B AR B2 B A, (B —f8 bR e AR
B, EWIMRBHERARTAERENESR. B
=L MR B EIE RS S . S IRYT
SHCGTTAR AT et FE TR S IR R A L, IR
X RS 0 ] F M | 25 SR 0 R AR N R s R R 0T
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O 38 28 X A0 AE B % SRR B2 W RS IR AR Y. B/ PO AR TR T RO AR . 4R S A
TEAAZ T, SN E A E AU TR, N R A S s e R A Ty T B AT
HITIRE . MR | MR T P AR R BRI R B
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In 1997, Freeman Dyson postulated two categories of scientific revolution in his book Imagined Worlds. One kind is a
concept-driven revolution, allowing us to explain “old things in new ways”; another kind is tool-driven revolution, al-
lowing us to discover “new things that have to be explained”. Twenty years later, this perspective still sheds new light on
the emerging therapeutics in clinical practice. According to the annual report of the American Psychological Association
(APA), prevalence of brain disorders is expected to rise tremendously over the coming decades. Taking dementia as an
example, with rapid population aging in China, Alzheimer’s Disease (AD) is expected to have profound impacts on the
individuals and society. At present, there are no effective pharmacological treatments to halt or slow the progression of
AD. Recent evidence found that non-pharmacological interventions, such as transcranial brain stimulation, are able to
improve the cognitive functions and alleviate the psychiatric symptoms. However, given the limited studies, less is
known about the underlying mechanisms and the potential tailored treatment with individualized features considered.

From the perspective of bioenergetics, brain disorders are due to the disturbance of metabolism or energy, such as en-
tropy. One of the most profound links between metabolism and brain disorders is the dysfunction of mitochondria. Given
the responsibility in producing ATP for energy, mitochondria use electrons and protons from molecular oxygen to reduce
water and generate proton-motive force to produce ATP from ADP. Because the functioning of our brains only relies on
the ATP mitochondria produced, thus when this process is impaired, a variety of brain disorders can occur.

From the perspective of physics, four types of energy, including magnetic, electricity, ultrasound and light, can be
transformed to the cutting-edge stimulation technologies for exploring brain functions and enhancing the non-pharma-
ceutical therapeutics for brain disorders. In this review, we summarized the recent progress of the modality-driven brain
stimulations and the state-of-art utility in psychiatric practice. The main interest will focus on the clinical applications of
transcranial magnetic stimulation, transcranial electrical stimulation, transcranial focused ultrasound stimulation, tran-
scranial infrared laser stimulation and deep brain stimulation.

Except for the empirical evidence, we will also point out the major limitations in the current brain stimulation studies.
The framework comprises three innovative points: (1) Heterogeneity: Due to the heterogeneity within clinical population,
causal inference with observational data in medical science is nearly impossible without strong assumptions. (2) Lack of
key parameters: Scalp-to-cortex distance (SCD), as one of the most important and fundamental parameters of brain im-
aging and stimulation, has been highlighted in the newly updated guidelines. (3) Monitoring and reporting of the side
effects induced by brain stimulation: several reports have mentioned the skin burns, pain and headache during the treat-
ment of brain stimulation. However, we still have no standardized protocol to monitor and record the potential side ef-
fects. Taken together, this review introduces an in-depth understanding of the mechanisms of brain stimulation and its
applications and future directions in individualized psychiatric practice.

neuromodulation, transcranial electrical stimulation, transcranial magnetic stimulation, deep brain stimulation,
heterogeneity, plasticity, resilience
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