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FERIZ B, AR H PR 1) 7RI s 0 BOR VP A RS — B R . oA, DA RIS 0 75 5 4 DA S it
8 A BT S RREHE RIS I F) B PR A B 1 B o SE Ak, 00 I X 2% 7 A s R IR AL 1) 2 RN B
TR F F R D9l R L TSR LB ORI FC S8 o X3 — B RO RIT FE A 35, AR SC i [l BT 1 R IEAT 5 I
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TV BT AL BRAR R, A2 1 RESE A I 2% 23 A7 F) — L5 H BRI T 7 R 9% R s A2 45

ol ST LR MO SERY L, 6 E T 425025 S U4 R T DL CEILAT BRI 5 T JE VR I 5
i 9 2% T LI, B PR (A ) 2 43 M 7 R R T AT I L 3X D7 R S AE R AL I TR PR BRI 1 U R 410
1 A BT
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1. 515 KYCEIRE L, SR, H F I PR BRI 0 2R 48 1) R AR

WG, REES SR IR AR N H 35 IR E 18 .

L1 55 JRI T 5= AR BRI BIE 5270 O 2 W A 2 T FERIOM

2 B BRI SORTEZGEAE R IR RN RAZATE
SNE[ 1] 2 B BRI (R AR AN 0 B K i R TG Bl R 4
[ st G H A BE A 1 A AL B R R B s . ARk
EHBUT RS EEZ 2SR, HATFRSEHHM
il TR E SO EE—E . RIS 374
A% S 2 3H (loss of consciousness, LOC) XTIl K T AR
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JFHE, VFEEIRDT T SRR 2R 1K B (BT
WA, 2T BIPERNLE] . FRYEA [ BREE 2445 FH T A [
H7r THE R, AT REA B T MR RRIVE G SR RO MLR .
v-& F# T BX (gamma-aminobutyric acid, GABA) A 7
(GABAA) 2K J& R b 32 (R PR 32 44, 76 BRI 75
SEEUE R CEIEN . PRI, GABAASZAMN
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TREAR 2 PR R o0of R I 24 ) UK [2] 0 N-FRE-D- R A%
2 (N-methyl-D-aspartic acid, NMDA) 32 K47 1% T 5 il i
MRS g T, a4 SRR 2GR i . REZ BB
JRIE 24568 NMDA 32 AR 356 s, (HAS [3] BRI 24 1 410
FKPEANE[3]e o5 —T7 1, 45 BRIV 24 5e 9% 4T JF XUAL A
% FHiE (tandem two-pore potassium channels, K2Ps) . fiff
FLFRH, K2P m /)N B IR PRI 2] IR BBUBR M PR A, 2 B
K2P i 38 02 4= 5 BRI 25 ) IR BE R[4 B 1 BaR =AM
RUAL, BRI 24500 DK i 8] S M 3 52 FL A A 5 ), AEAH R
WL AT 3[5]

EFW)ZT b, MEFBEARMR K R & Al DL
AN R B R FEEA TR FE . SRTHT, SRR A
FOANIE AR T 8 25 SR AMRAE ST T 78 IR 4 #ERf . I
W, BRIEHIEFE 3 B AR I PR N FH 1) 55 R EAT I, E2K
S O, PRSI E. AT, XEIER
W H R T BRI TSR R RN . 1965 4, fx
/NS (minimum alveolar concentration, MAC) 18 #
PR HAE N RIEAE T 2R K485 [6]. MAC 2 —1
SR BRI RO 48R, RERAE — PN RAET, M
MR N AP JBR T 24 P 200 480 [R] B RO B, BRI A 5096 S A1)
B i TCAR S S N R Bt VLA BE o AR, MAC {ELAN TR SR A4 7K
S VPAR BRI K, 0 SR A R A AR A
HANEE AT IREE G 1R 1,7-8], R MAC 23 52 21 81
ZIME 9], AN T I RIX AR AR RIBR M, BTN S
PEITIF SRR 245 W 4 T AR BREE A, DLAUGH 58 KI5 5

BEIRALEI[10]

R T AR TR S, K 615 JE R T A2 4k
AR R UIRES 22 A B 8 AR G, RO A A BRI AL
T S ARIE RO M Ph 2 AR F I A S A, R
SRt 7 UM [B] PR B8 SR AR R BRI AL, B B 2= e i
FRWIF[11-13] MEAR-E B S 1 rh (5,14 15180 K2 R4 1Ak
(161710 JBRIFEZY AT LU i S FrARF i K06 X 38 1] R AH B A
FA (8O 35 B Bk R TR [18-20],  F HAT
WAEINT, FHRE S A M AL REETE B2 = A s [a)
5 R ARG, TR K06 1 J= AT e BRI 24 1) 32 244
HAR[21]e S3—J7TH, RIS R AR AR i A B S5 R AR e -
B, A5 SEFE0KE 753 RIS AR RO S B0 g7 R S R
REERRC IS 1) & B 0 AE 5 ARALA[22]. SR IR RN 5 R 2 2 b
MR IR AR P 00, BRI 24 T DA ) Fe i A0 RS2, )7 T
R, MEORHEARPAEE[23]. RN ) BRI o B ) A 2 — A
BE RS EANFRES RR, X —FHES 8 LRI R
Je PRSI TR s ARVD B [5]. EAR A B RRINE 24 7T e RE
e R G- B 3O v 1) 5 e 0, BRI 24 1) LR AT

ReifisE[14]. UbAL, M35 RUE 4 06 7K1 (0 BRI A 22 1L
H A T . 4 B BRI 245 ] BRidd s A (B0 #
il X FH 22 28 498 A IR AR S 52 A R 1 DR A (7] X 438 2 [A] £
FHEAER, BG4 X 28 75 3 AT 1 ) e iR

EMMEHBR T IECE S MM Tk S R
S BREEAI FE b, SR I R BRI M 0475 LR A B B 7K~ Ay
F, REMAG. REZENZ, BRERBIEA—EE
WRAE JCRGR, BRI TC RIR Bz W EE M O DX TA) A HLAR
D AR AR [24]. BEAEAIRREFIRE  (depth of anes-
thesia, DOA) Ml 25 B3 & UL R ER

(D #EF RIS FEHFRS, 5InREFSCRA R
Y EPSEE

(2) 0B A A Rt P S

(3) WH/KE, HT B,

(4) Bt NImIRER A e SR U5 B

(5) AZ WS A& TH.

SRTAT, B PR I PR JRR I B 0 2R 48 9 A s g 1 46 2L
Ko FEMRRTF AR, BREFITAT A 30 5 00 %2 B8 1) S
SR VTR E IR B2, XA 7 vk v RS ARSE T BRI T R 225 o bk
Gb, REFEFERAS KPS A 2 FibrdE, B35 Ramsay #5F
3 (Ramsay Sedation Scale, RSS) [25]. WG 3 VF 5
3 (Motor Activity Assessment Scale, MAAS) [26]. #H
H-M5) B R (Sedation-Agitation Scale, SAS) [27]. X4k
R DURFE RSN Can s & R RO 1k
ISR S8 DAy b A T PRR VR 58 o AT )i P BRI s I 7 ¥ 3t
TEASBEIH AR R oK, BE AR XS = . 5
LTI EARBE AR, I PR BRI e 50 75 220 ok £ 0
SRR SN, B7 1R B AR S AT AR A
G, AN ZE S 0] R R R R (1) — K BRehs o A Il PR R
P MR 773508 1 38 SRAE R T T8 44 1 52 2% P DR s 0 i
Tk, BT R ESHEEER. Bk, G0EFK
— PP RE AT DAFE 40 R IR Ee(E R, 0T LT LRI RS FH 1
JiiE, VAR AR RAGHERIE )75 2. 2T Bl Celec-
troencephalography, EEG) %) 7% 3 4 F1 X 26 43 #1 77 12 R FF
KRB B I W4 i 7K S B AR AR R BRIE IS I R e e it 1
B, (ER AT R I SRR M 0 A B A 22 S
07 AR EREIE 7.

1.2. HirAnitiA

AR SCAE e PR BRI 00 S5t ) 2B, [T g R 4 95
ARAE SRRSO F TEEFE o A SCHT 51 AR STHR K 22 2 X R
FERLHI W TT, MR R] DU BRI SIS B . 7T 52NN
MSEOCERIRR T RREEN LI 7E -5 i PR R I M I A 45 5 1 75



wo I HGNEE, AN N DREIEE M (functional
connectivity, FC) FI £ 43 7 7712 4R A7 W] G £E I R BRI i
WP A BRI o DA 1 45 3 4 R BRI AL il 99T 56 1) e 7 ik
J&, WY DX 28 B 55 45 i DR BRI s DU - [ RV FE G 3R, R
SO EL RT3 5 ORI S BRI I 2k T BEG M 2%
XM TR R SRR IR VA AN R S A SR R s . 4% B
W, AR T 5 R 8 R X 2 43 BT R SRR IR R A
AR RAE NG T, JFR B ARER I AT, B
R 1 A R TR 3000 ) A

AR G3 UL YA -

(1) MO AN 2 W0 9 A 2 T 0 JBR I AL 1) 2 AT e 45
W EMMZET E, AT T 4 S RIS fE
FMEE E, W8 T AN R RREE G = IR R/
Te R WO | BEAR-oE R S0 rh TR0 B JE R Ak

(2) 4T RO T SRR 2075, FE
Tl e 1 WG FL R 18 (functional magnetic resonance imag-
ing, fMRD . IE HLF K HT B 24948 (positron emission to-
mography, PET) . ZhREMEIT 41 4P J6 3% (functional near-in-
frared spectroscopy, fNIRS) Flfixi HL & (EEG), JfXfixuk
TR SREAT T S 4h

(3) 43 7 H G A JRR I M 000 v e A s 7 v A
B, FEE RREENLH T T P O R BE T TG T
I PE AN R AT T, B T I — MRS HE SR AE R
e SN R P G B VDG DUk o8 - S i [ PUSS |
PEANA 28 53 A B RRIREAIE 78 HEAT 045, i 1 IX Se R N
T R LA B AT A LA JRR TR Hs 0 22 8 1) T e A o

(4) $& AR % FE Fi b 2 B2 EEG U & ] LU AL B s
PRIBRIE I DN 7535, /N RUBE Ty RS 188 14 AT ) 5 43T 1R 45

844 (others)

3

SN H e R BRI SN ;- % B2 BEG (9 B A B9 Rt
N T JRRIE 24 5 FH T RSO AR PRI S0, A ke R R 0 4
PRZESHIR AL BAh, SRk o B EEG B T IR
05 35 PR ARTT 7T, A B O 0 T A R S 1R BRI 240 £
BURACR; fa, ShSTIREEEME D Hr bl as = SR
RGBT 1, A7 B0 A8 R R I M 00 7 B LAY i o e

SN
BEUARE.

2. BT REMEARR S5 AR5

202147 H, Ad AN [A] B) 9¢ 82 18] 4H & 7 Web-of-Sci-
ence 1% Co B g rp 5 ORI 22 BUAR 40 FUEAT T SRS R
(B D FET o, FEARTS A ] A 40k 2R 3 ) 3 T AN [7) o
GBS ITE IR T 5T K 2 SO B 70 A2 18
EEG HHAT I, TE55 3715 ekt £ T EEG W BRIEAIE 78 2847
YA 2H; AT K 2 B0 W 25 1F 57 2 48 H EEG R fMRI
HEATH, FE55 45 d T EEG AT EMRI A 99 25 43 47 bR
B A T AT VEA A4

2.1. fMRI

DIReMEILHR %% (IMRD  BE8E AT I B 4 22 J0 3% 30 5
B K M8 ) 284k, B SRR R (B
g0 Mg PR (Z2K%. BT HER
fMRIE A )32 H T F0AS [F) i DX 25 ()& sh A, o
BN M 2% (default mode network, DMN) , W 5T & il
DMN FH XS T Ath o X 2 30 25 s PR v 1 AN AR 28] TM-
RIFEFRIEAT S A 5] 1T 2 N, F 28R b 1
W Clnfient . WS AR SE R0 T BRI 2455 R i s

152 (+ “connectivity”)

16 (+ “connectivity”)

109 (others)

1 (+ “connectivity")

48 (others)

112 (+ “connectivity”)

Keyword combinations

- "EEG" + “anesthesia” + “consciousness”
I “PET’ + “anesthesia” + “consciousness”
B “INRS” + “anesthesia” + "consciousness”
I “fMRI" + “anesthesia” + “consciousness’

Bl 1. 2021471, T Web-of-Science #% L B8 25 (A BRI A 28 5048 2 0F T SCIRA R A R o [ 3R 10 oA el ) R R LA AR AS R BB 43. 207 15 (EEG
fMRI. PET. fNIRS) AT/} SEHIMRERANZE AR 2 ORI TR HCR R TT 20 bl R B AP PR B — 2 (X 3 17 A [ AR 2 T A B 9 v (0 i 90 2

FC CANIMORHER “EIAPE” ) FIHAR BRI AN 2252 AR 2 T TE BB X B
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M52 . Kerssens 55[29]48 % 1 6 % B4k, #iliEid
N 5 W N G SRR A T ORI I L8 e PP ASORIR B s A ik
PRIV 525 13212 30 33 W o RO (1) EMRT A4 . &5
SR IR IR DA77 B A 1 A 1 W ST R I
HKTHHR (blood oxygen level-dependent, BOLD), #ifi
)T PR IR A T) K o 7 SC 7 Ak BE 8 77 IF 2 g 12 D e
Dueck % [30]1 FH fMRI 50 P 961 7 JRR A Az o0 1 i 70 380
FR NG, R BRI Ak B T 5 A S8 1 e g 52 71 S RS A
B, TR R 2 200 75 25 R IR S RE TR AR B ke 4
B RER T W7 58 R BT A B2 N . Plourde 25 [3 1M1 52 %)
FAAFII G, KIUBRIE T #5 B il 5 Aia] L Ab 2 (1) 57 J2 X 3k
SR, W A R 2 IR BRI, Rk
BRSOV R o ST BRI T AL R ) B 9 S I A %2
kA% . Ramani Z5[32]0F 7T T 0.25 MAC L5 EE PR EE )
PLBE R, RIN-C BT 1) AN B2 J2 A0 v RO AR i
JZ o TERTAS[EIHAR AR T K0S BRI 70 )5 B, SRR
RS AL 2RI X N5 ), 1823 8 a figi [X 18] ) T i 1 18
PR CRLFE RN > BR (8] (R @ 1) [33]0 4o e 1 i 1949 26 Tic B
X R PAEAE R UL A2 BRI [34], BRI ZGAR A T =i
R T AN AR B PE[35-37]. Peltier ZF[38] R L L 4K
ik A7) 2 A0t 1k 1) 7 s 32 30 g 2 R I D R0 28, D e i
PR 28 9, 55 F H A KA0) 81 B A gk 9 o

2.2. PET

PET 5 A7 i s A5 R0 i A3 77 T A7 & 32 B S H
PET F| H IE H - [F) A7 3 2828 77 AR 1) 1E L 5 A e
KGN, diad m) N ARTE S A A I BT R = An il AL
Y, BRI RSN e P AR I y HLT, AR B AR AR R 0 7
MER, TSI =ZENT =% . PET W& XU A4 %
(regional cerebral metabolic rate, rCMR) Fl J&j 3 i IfiL 7 &=
(regional cerebral blood flow, rCBF) {484k LA i W fixi ) fi
A8 4 . 1995 4%, Alkire %5 [39]% YK FI H PET #ff 78 R B4
AT, A5 6 A8k 0l #52 7 HIR PET
B, — XA TA SRR, B—kA
TV T AT BRI A KT, 45 SRR I BRI IS 4 fii
A AR BEH BRI FEAK, T HLACHH 2 A PR K ZE A [R] i X
AR (EREE TS, Alkire 55[40-417F H] PET fF
FOAS[F 2G0T KA RIS, - [R] IS 5 — AP A 5 o o A
[8], FFRH T R mWEREEAL, 35, AWraH
FER A Fiset % [35148 F PET ic 53 P I Moy AR e 31 1) 8 44 fii
I 98 5 R 8 M L R AR A A B BRIAE $UH ] e o 4G 41 1
s R = N LA £ T A i ¥ e el
AR E AR AR SE T IX A X (R AR I . X

— G RSCRE T FMEC,  BIRRIR 2 X0 R E IR 22 T N 4%
A R B ORI 2R, T A A X DR A R R SE )T UK
M. Bonhomme 5 [42]18 F 1 BRI A2 A 4R 200 0N B fivg
ARz E WAL, RIEIEERE T, RSB T8UE
e AR 23 B2 JE i I G, e v R T,
U T PR A0 P R 2 PR L DA AR R AR e 7 7 ik
b, I TR I T HR 3 I ) s e e A AR RO
SR 5 AR e fiw

2.3. fNIRS

NIRS F AR T AN — A2 N, JF
WS4 I ST ' DA K e 3 7 2% R B AT e il . 5
fMRIAHLE, NIRS HAMCRSA . m 451 a1 i [e]
I HER A AN B R ) S AR i, I SRAE R Dh e AT 78 0
e ERAS TR B T Re it 70 HhBR Rk Sz 0t . 5 Ay BRI
W ARG, IELLAM IS (NIRS)  A] DU I K i j )=
TR A AR, REHRARIFEAE. Owen-Reece %[43]
{5 F NIRS FU #1755 25 07 DR 245 A0 BRI R 285 1) 1ML 3t 3 )
5, R ILUNIRS A X 43 i B IR 745 AR B R 2 1038 7 .
Lovell %5 [44148 35 T 36 4 3 BN ZARFE KR . N VA
R BRI T RIS [ R 24 76 R AR L7 22
BRI EARIPEA L . Curtin 25 [451 % BLES S § 400 12 )2
AA ML E AR S AmE MG, BIRINIRS 1)
FHORHI 045 FAIE B 7 — LY BRI 24 e % 5| i I 3 AR B
WAL, (FAA TR KA . 28 5 B S ek ]
BE52 M BRIR VR S, (R0 20V R B 50 52 [46] . INTRS [
Ty AN N A T 7 S AS T R A A ) 4R
N, AHEIE AR DA B S ENIRS $RZE T R i 1
A S RRIFIREE R R =5, UL EWFFIER fNIRS
FE DAl BRIV R BE P 40 A AR KRS 77

2.4. EEG

EEG 52 B FUAN R R0 BRURZS N R #4252 AR 1 B
EFB TERRIEIERE S, EEG %405 B A0 15 R I 24577
BREEMK. EUERRRBA RIS, &% E EEG
I HE P T MO AS [ BRI 2% P R K B2 B X kAR A, i
38 BOOUEE EEG E 2 TR I, i HL L G E
EEG MM TS trth O Z N T im0, SA 0
FORDLE. XGHIE EEG N2 BRI I 0 24 A2 2 B 2 R BR
PE[47-49]0 %1 K2 HURBE0E 702 1 1 EEG AT, 1E
55 3N LT EEG BRI IRBT ST HEAT VAR 41

2.5. /g
JER I IE 50 v | 02 A P B R 22 AR S HOR B0 45 fMRIL



PET. fNIRS F1EEG, # 1.:45 7 XSRS, Hi,
fMRI A NIRS B % £ I 5 01 28 04T N AH 5% (19 1L i 3 /) %
SR ANIRS BT BA A B A 5 40 22 04T 9 AH 56 B 4 & L AT
B R ARU I T 1 AR Ak PET RSN 30 i A i 2 =
I ) AR A s T BEG A2 K R AR B B 7 Sk R T
SR S . X T BRI 720 5, PET A1 EMRI 32 315 4%
JFOSFBIBR S, AN IE A T35 A1) FR A I PR B s
EEG F1 {NIRS 5 0 #%, n] DL oAb s PR M 0 38 6 AR 25
&, RN RHIE TR oo T .

3. BT EEGRIRREEM ZIRIA 5T

3.1, FETRE L EEG B I PR BRI S FH A 7

XEFE# (bispectral index, BIS) (&2) & 4347 EEG
15 5 9 2 M0 Ty 2245 21 1 BRI B D048 FR[50]. BIS 3= 22
AR X EEG 2244, it o —4> 0~100 RV — L e 4.
SN A K& B3 1 MAC F1 BIS 4 3H47 7 LEER, &
TRLASE FH 3 9 A 8 o M 00 R e ) R 5 AR T R AR R R T
[51]:; (HASIEREI R, ASE S A E R BUIRA I BIS
B 2B E R KA N B [52-55]: AEZE
M N BISEWAAERRESR, £ AYEE IR,
BIS JG i HE A W W R IR A5 [47-49], AN FIAMA ) BIS {f
(PR R 2 72 57 [56] -

i Centropy) & FH KA IR AE 5 AN B 2 14 (149 BRI L 0
FRbR o LI PR BRI s 0 o 2 FH 85 22 1968 1) % X2 M-entro-
py. M-entropy HJ#k i 5 BIS AL, & R A 7 AKX
EEG M5 5., I HARZY T 1 M-entropy A 2 3% 7% 57 ;
M-entropy 7€ — Y615 0L T CUnAE B &AM i 72 iR [57-58])
DRI E

EEG B 443 #1 (time-frequency analysis) ffi i EEG i
B A R AR A, [ AT DAOR TR IS I . Purdon £5[59]
R IAE AN 5] 0 R 24 4 T 2 H BIAN (] 1) o P A5 5 B 2
REM A s FH 2L 293 A T RIR ST, B — PR BRI M DU B A
ATREANIEH, (EARYE EEG I 4540 #r ] BLIX 20 AN [F] 25 4 1Y)

KL BREERT I P AR R AR R (K 25

5

FRAE, X —25 5 Akeju 25 [60-6111 M A —5, HIAH
EEG Ll 28 3% (1 45073 A 7] e B 4 R BRI B U 48 AR [62] -
20 8 70 AR, AR K A7 (evoked potential,
EP) [63]H R kIE . 1T K AL —Fr, Wrosif Kk H
{7 Cauditory evoked potential, AEP) & H1 W % # £ R G852
B FREGER PR E RE A RN, EEEE
0 B AT W e B BRI R o e = . Herb, AR
AEP (middle-latency AEP, MLAEP) 7E K2 BRI 25 1F A
R EAEYE N, B, MLAEP RE5E & AF R RR
W MAEFR[64]. 5 BISHHLL, AEP 75 M BRI 237 8 () i I
AR A AR, BRI T G s e K i R HIR- i R A 1)
AR AR [65-66]. 1H 5 BIS244LL, AEP H177E &3 14
E7ER[67], HHEPILRMELRR, 532 TFH[68].

3.2. T B3 EEG ) BRI AL IR 5T

T FARBRIE 0 2 2 B ISR AT AR, %
JE B BRI I AR K 2 A X (A8 4k, {5 FH /& % FE EEG R
R L SO U Ak, N T 785 1 fRRR
PR SO ) K o (0] P A BLE B8 A, K)o B JE AN R 2 T 1 i
HIGZ, RN RS TS ARE B, R H R
PV A G K BB B R B R RN R T R i L Bl
RIS B WA K R Z e, T R JE T S R ]
DA B 407 1 P 00 25 o ot 49 T A SRR ) S A (21, st A i D)
SR T R AR E R 2 1R B W28 2 [69]

Alkire &5 [18]4# F £ fill f #l  (transcranial magnetic
stimulation, TMS) R HTIZ 3 K 2=, WL %L K Ml [X 455 7]
RN AL, RIS KW =555 B
REJA % UiV RI, K R 2 X3 R 1) A% i A5 9
AN, PRI AT RE S RS R R LRI, 5 R
PR AR A — 3. BEAh, BN 2 R AR TG R IR A B
U 2 IO J7 2 D e I I M 1 BRI [70-72). DA A AT
FKH, RIS S0 RR AT e T RS fe )2 X 4845 2

HrREST T B IE T
Purdon &5 [ 73148 FH [R] B& A 4 s 1 BB A 7 75 5 A 9

Feature PET fMRI fNIRS EEG

Temporal resolution Low Low Moderate High

Spatial resolution High High Moderate Low

Measuring Molecular metabolism Blood oxygen level-dependent Blood oxygen level-dependent Neural electrical activity
response response and hemoglobin (Hb)

Cost Expensive Expensive Accessible to many researchers ~ Accessible to many researchers

Portability Not portable Not portable Portable Portable

Harmfulness Radiotracer may harm participants Harmless Harmless Harmless




BIS monitor

Real-time EEG

Current BIS value

BIS sensor

Interface cable

B 2. R (BIS) MIE/RE . BIS &R WA EEEMN A Z5181E; BIS&— M2 0~100 FIEE, 78 RREEES R P AL RRBE T 2%

[50].

B, A0Sk T = L EEG LUV SR fis B AR 4L, R B
N FE R Ry, EEGRAIR Y (ME /N1 Ho)
Dy, AR adik % (8~12 Hz) 2% (A AH P %
%, AT ok (8~12 Hz) A=A [HI M FPESE N 0.1~
1.0 Hz $53 Bt 1) D 22 AE AN Sk je AT AR 36, 8~12 Hz
AREE B D 2 AE BT A0 38 0, 25~35 Hz S B () Dy 2 &
BAETHM 3N . Huang 55 [ 74144 FEARAE 18 R 7208 & 1Y
XA AT F0 77 2 2 (anterior cingulate cortex, ACC). | It
i« SKE KR (periaqueductal gray, PAG) Fl1/E 5L
Wi, RILCATAE R B INe, EETF o RG M, yIR
Gilb s WAk, 2R T AR R I BT B E A R
Bk, R o IR 1) T RE I 1 AT RE S ORI RR
B HH K EEG O Z B T R4l BRIFE T ) I R 25 A7
b, FERRIEAE T 85 mT DU S 33 43 e e P 1T AN & B A
PR RS Fh v LR S v 07 SR Se s
it P D REE I 1, — 8RR 24 340 R PR AIG = B o i 2 2
(R PE[75). BRIEEAE FH R KIS sh 2240 LI ATS A e i
Ft, T = %5 FE EEG 72 [ W R AT SR LI A 70 T .

4. BT R8BI FREEER 5T

4.1, 0 R 255 A P 1 20 B

NI SN RER R R A, ARG A BERAR
M DRSS AL AR BAT BB 5 FhoeRt i
B0 P B AR N B A B 75 7 CL A N BRI S5 g he At 1 —
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M A A R 4% (B At AR AN R R 2
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EEG time series

Source localization
Cortical activation

Brain connectivity

Graph theoretical analysis

B 3. EEG /I 4 2 7t o R P o SO il A2 Sk % 2 i) Bl E £ 90 % ]
FRITIRT [0 F 310 2 1] 4 5 22 SR ) S A A 4 0 Mo 2 308 12k ) AR R AE R Gl e e i
PEAS T IETH R o JBE A AR R Sk B 2 (9 FELAE SR Al iy b
IEANIREIALE L T7 A RIS I TTE[77] -



Gl S I et i DX 382 TR (R AT 40D s QThfg
TPE, B X 38 2l 2 8] R (R AR Gl AR M-
RIFIEEG #d ATl 1H) s @A RuE@E M, BI—/N KX
ST o — AN ORI DX B BRI R SR E A (FE EEG
ES M 2 N D [78-79). ik 1A 18 AN 3% i 4 4y
W4 &, o] UBLEE R =F & R4 25 0 i B S fsh 574

R2 RFEEEPEAL IR E R R

7

b, IR EEARAY O BRI T R R A B G B . IR T
EAAT AR T R 46 BEG (55, 360 AR T15 5
A FESZR B, WS (1~4 Hz). 6 (4~7 Hz). o (8~12 Hz).
B (13~30 Hz) 1y (30~100 Hz). 7E3K 2 [80-98]+H, f’jE A
Q7 UM E I REE IR T, ST A RREE A T T
VR SR I SE VR AR A ) LS HRAE DG £7R [99-101] .

Type Properties Formulas Measurement and meaning References
Undirected ~ Coherence (COH) COH.. (@) |S 'y (@) ‘ COH ,,, (w) measures the correlation between signal X and Y at fre-  [80]
)= ——
connectivity o VS (@)S 7 (w) quency m; Sy (w) is the cross-spectral density; and S, (w) and
Sy (w) are the auto spectral densities of signal x and y, respectively.
Phase lag index N The PLI is the measurement used for measuring phase synchro-  [81
€ PLI= | Ssign(Ad,) & phase sy [81]
(PLI) N5 ny; sign () denotes the sign function; A¢, is the phase difference
at time #; and N is the number of samples.
Weighted PLI (wP- WPLI= |E{3(Z)sign[S(D)]} The wPLI is the degree of phase synchronization; Z is the cross- [82]
LI) E{S@)} spectrum; 3() denotes the imaginary component; and E{} is the
expected value operator. wPLI is a derivative of PLI.
Phase locking value PLV = 1 iEIA P The PLV estimates the phasic interrelation between two signals; [84]
(PLV) N|& e is the Euler constant; and j is the imaginary unit. The imagi-

Phase lag entropy

1
LEZ**M plgp;
(PLE) lg(2 )Jz o

Pairwise phase con- 2 &

PPC = 7(o.0,
sistency (PPC) N(N-1) /Zf k:(.zf; ) ( ! )
Phase-slope index - 2 e 5

=3 (NHC..(f+
bs1) SCNC,
rth li - '
Orthogonalized am orthAEC(/)=3 | v(t.1) X', f) )
plitude envelope cor- (/)

relation (orthAEC)

Mutual information p(x.y)
MI(X; Y)= L Y)n =2
o ()= 2P i

PMI(X, Y1Z)=SDE(X, Z) +
SDE(Z, Y)-SDE(Z)-SDE(X, Z, Y)

Partial MI (PMI)

Directed Phase TE (PTE)

connectivity

PTE, , ,=SE[0, (.0, (")]+SE[, (¢"). 6, (¢")]-
SE[6, (t")]- SE[6, (). 6, (). 6, (t")]

nary part of PLV (iPLV) and the corrected imaginary part of
PLV (ciPLV) [83] are derivatives of PLV.

PLE incorporates the temporal dynamics of the instantaneous phase [85]
time series into the phase synchronization analysis; m represents

pattern size (word length); and p; is the probability of the jth pattern.
PPC is a measure that quantifies the distribution of phase differenc-  [86]
es across observations, where f (Hj, Hk) =(cos(8; )cos(6, ) +sin(0,)

sin(6, ). 0;andd,are the relative phases from two observations.

The PSI is a generic quantity to infer dominant undirected interac- [87]
tions, whereC;; (f)=S;(f)/ \/S;(f)S;(/)is the complex coher-

ency; S is the cross-spectral matrix; Jfis the frequency resolution;
and F is the set of frequencies over which the slope is summed. *

denotes the transpose and complex conjugate operation.

The variable orthAEC measures synchronization between signal  [88]
envelopes. The complex signals x and y are functions of time ¢

and frequency f; x' is the complex conjugate of x.

MI is the measurement of information shared by both the Xand  [89]
Y signals; p(x, y)is the joint distribution of X and Y; and p(x) and
p(y) are the marginal distributions of X and Y, respectively.

PMI measures the amount of information shared by X and ¥ [90]
while discounting the possibility that Z drives both X and Y; and
SDE denotes the Shannon differential entropy.

PTE is a measure of directed connectivity between phase time [91]
series; 0, (f) and 0, (t)are the past phases of X and Y at time ¢, re-

spectively; and SE is Shannon entropy.




Type Properties Formulas Measurement and meaning References
Partial directed co- PDC, (f)= A4;(f) PDC describes the relationships between the present time series  [94]
herence (PDC) \/m of x, (n) and the past of x; (n); a;(f)and 4, (f) come from the

prediction error covariance matrix associated with multichannel
autoregressive (AR) models. The generalized PDC [92] and re-
normalized PDC [93] are derivatives of PDC.
Directed transfer DTF, (/)= H;(f) The DTF is defined similarly to PDC. The DTF uses the ele- [96]
function (DTF) \/W ments of the transfer function matrix H,(f), whereas PDC uses
those of 4, (f). #;(f)is the column of the inverse of the transfer
function matrix. The direct dDTF [95] is a derivative of the
DTF.
Directed phase—am- ia(t)e" 4, DPAC is the measurement used to measure coupling of phase [97]
plitude coupling DPAC= 1= and amplitude, where « is the amplitude and ¢, is the phase.
(DPAC) [
;a(t)
Granger causality v, ‘7, GC, , is the GC from y to x (predicting x from y), where Vis the  [98]
(GO) GC,,,=In bef;}, variance of the residuals, which is estimated using AR models.

N, t, e, ], *, sign(),3(), and A¢, share the same meaning across the formulas in this table.

4.1.2. ElR 5 HT

1736 &, i+ #2% 5 Leonhard Euler & T 3 4 1
“HEHE R LA I, XA ] B e AR A — AT
XHINTHEE, FHNIER R R, B8 E BT
BB AN EE R — BB A BT AE SR . 1998 4F K K AE Nature
R R SR I T TN R AT 2 AR A 25 DX 48 SR B H /) 5
W28 (R RFAE [102], 3K e 52 M YR 328 1) 1 SC A8 1 190 2% o} 2
FREX, I THHIEA R SUE & P2 2 R G 46
B, AFEMERE thaklye, @E. W Al
AP ENEE . LB b, BAAAR RS RROU TR EEA]
A BAERNLSIEAE EORZE S, (HR R B MAT N
RAEHE IR .

AR, B CE N AR U R 4 4511
e BB T, BN S Fad ik o0 28 REAE ) T
H. BENEFEEY], K — AR, HRHE 2
A L BEAL I 2% BE R (1) SR 28 R BN B /MRS K . A
S i 199 285 F /N tH FURFAE R B, i X 2% DU s S ik A7 40
1, DREFR R A 4 RS 2 (Rl [P, a2 i,
BURZ RS BT DUE R B AT B A AL 3, T4 /2 K
PIAE BT ZAE R IA R DR X 2 [l AT 8 G o

RKIEENA T UM Z AR rigts, K4
NI REERfEF R R EE . KT ARER S rigts
S H A5 0 AU B TR 1R A AR T L2 IR SR ZR IR [103 -
1051 S5 BV BR03E SI2 BRI ER 1 132 38 7T LS FH AH DG 0 I
BR oA T HA[106-113]. BOAZVER 2, XEEER T

BREAL T AT 5812 25 R X 4 e CInAS R 258/ — 2t 1l I
2, TRMEE M), XTAFREER ML, NRH
AR R H A AT TS AN 2 A

4.1.3. BSTHREEE ME M

K £ 8% 75 A [ i 18] RUFE 0 P 7l gt AT Zh A 8 A
PRy ATE R, T BSOS R RS IR SRR AN e R A i
W28 F BN AR o 2 RE 3 R0 3 1 B0 &S P AT 55 (i e
[114], HR4E MRI = EEG $ods v 5 1 1 D RE 14 36 11k 22 0 e
v 23 B 25 B TR HEERE A4k, IR Dl e 3% 38 A 7 K N (1] 1) 3
P 57 2 o P AR R X PR (5 T T B (115], AT
O SRS EER P AT RE . Sk b, Bk
ZWEHE R A A EEEE M (dynamic functional con-
nectivity, dFC) 73 T 2487~ A AN HPIRAS T KI Dh e 5 &
REPEI SE G A i 116]). B, — 2SR SN B A
Th B8 38 14 23 BT 1) 5 V5 2 RV U AT /B 7 AT ZR R 17—
119]. fEIL, 15 E A 2H 3025 D Re i 1t o A 1) B AW 2
A 2GRS 325 Ty BE I8 1 4 B 152 ] DL S B A O%

A Tl E T 0 1 43 By S A8 B 72 PR BT (8] B A A 2 R
“%, TERZHH B MRI M7, This i@t s
ST AEBEAHOo B (0 F 0 A N B AT A T E 1201, TBh A&
DIy ReIZE a4 3 A 2 i HR i [R) Sh &5 1 07 A @ i X % . 50
AT ReE M E > B e )2 A0 F B S AT R B T A A AL B
CRM AR B ) i (A ERE 7 ) e — i A B 1, JF
VT[] NS D RE IR, X RO B
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Property type Properties Measurement and meaning
Global Clustering coefficient (C) The C is the ratio of the actual number of edges among all neighbor nodes directly connected to a node. A higher
properties C indicates a more segregated network topology.

Characteristic path length (L) L represents the average value of the shortest path among all node pairs. A lower L indicates high efficiency of
parallel information transfer of a network.

Small-worldness (o) o is an integrated indicator, greater values of which represent a shorter feature path length and a larger C. A val-
ue greater than | typically indicates a small-world network.

Global efficiency (E,,) E,, measures network efficiency for parallel information transmission and is inversely proportional to L.

Local efficiency (E, ) E
the £, of adjacent subgraphs of node .

means the efficiency of local connections between arbitrary nodes; this property is defined as the average of

loc

Modularity (Q) Q refers to the optimal division of a brain network into smaller communities, where the connections within the

modules are dense and the connections between modules are sparse.

Assortativity Assortativity measures the correlation between the degree of a node and the mean degree of its nearest neighbors.
Hierarchy (B) B quantifies the power-law relationship between the C and degree N of the nodes.
Rich clubs Rich clubs are elite “cliques” of high-degree network hubs that are connected topologically with high efficiency.
Transitivity Transitivity is the fraction of all possible triangles present in a network.
Synchronization Synchronization measures the propensity of all nodes to fluctuate in the same wave pattern.

Nodal Node degree (Nyg.e.) Nijegree 18 the number of connections joining a node to the rest of the network.

properties Node strength (V) N,

str

is the sum of edge weights that link a node to the other nodes in a weighted network.

Betweenness centrality (BC) BC is defined as the number of shortest paths between other node pairs passing through the node.

Nodal efficiency (£, ) E_ . 1s defined as the reciprocal of the harmonic mean of the shortest path length between a node and all other
nodes.
Closeness centrality (CC) CC quantifies how quickly a given node in a connected graph can access all other nodes; the more central a node

is, the closer it is to all other nodes.

Eigenvector centrality (EC)  EC of node i is equivalent to the i-th element in the eigenvector corresponding to the largest eigenvalue of the ad-
jacency matrix.

Participation coefficient The participation coefficient of a node quantifies the distribution of its connections among separate modules.

PageRank centrality PageRank centrality is a variant of EC. PageRank is defined as the stationary distribution achieved by instantiat-
ing a Markov chain on a graph. The PageRank centrality of a node is proportional to the number of steps spent at
the node as a result of such a process.

k-coreness centrality The k-core is the largest subgraph comprising nodes whose degree is at least k. The k-coreness of a node is & if

the node belongs to the k-core but not to the (k+1)-core.

Network cost Network cost is the ratio of the existing number of edges to the total number of possible edges in the network.
Node d Clustering Characteristic
ode degree coefficient path length
Modularity Betweenness Nodal efficiency
centrality

B 4. B Hr i JURA AR IR I ST R B SR AR R HA LK 3

%, ZARAREEA RN SR AR E DB, 5D AR TSP RN FAT g i &
R N 2 B AT U, AR DIREEIEMERRR I )5, XPRSE RIS A Th R MRS R R R VR AT A
W LAV TR & Db WEhSThRe v fhitas 450 CEESRib. WZ R 3T IFA[117,119,121].
RATHRE (BB K-means K. LM EIS ushdbohfedi@ e o e 2e s = 8.
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i B R S Th RE T T3 il [122]. PR, AR SO R URUEE
FET M P 25 ) PRI SE BB 7T b o 2T IR B SEIG R K 2
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4.2.1. #£T EEG fioi [P 4% F) RIEAIE 5
AR ORI R 5 5, 1E 152 55 55T EEG I % 2% [ i 9%

R4 L 5FRIET EEG K W48 (I BRIEAIE 78 45

(B D, H gl LSFENRERN, MRS

HALRE o & 5 1% 2 7 7 EEG ThEE . 454
25 5 BEG i [ 2 Rl BRI % 6 BB R SCiik il 30
Hebk @ YERI R M AR RIS AS B 5 (1 ST
Bk, B ZEYNON 33 T SCHR, e 22 BT BRI 22 AL )
WA, BRI RF AR SS . fE UL E S oeyE T
EEG fi5i % 2% [¥1 bR 5 iR 2 LB 8, 3 — 2D Rk
T 27 i B AR MR SCHR[85,123-148] (R 4). MRIEAIRH
M ThREEBPEAG T 735, KX SR 58 0 S = AT A 41
T ANE ) T RE B MR I . R T/ A M I T R I
PO TR ThRE & @ T 7

Time Drugs Regions Index Channels Findings Reference
2016 Propofol Channels on the neck, DPAC, wPLI 91 Participants with weaker alpha-band networks were more likely to be- [123]
cheeks, and forehead come unresponsive under the same sedation protocol.
were excluded
2016 Sevoflurane — wPLL £, 64 This study demonstrates for the first time that the network conditions for ~ [124]
Niegree explosive synchronization, formerly shown in generic networks only, are
present in empirically derived functional brain networks.
2017 Propofol Frontal and parietal wPLL E, 27 Delta power increased from responsiveness to unresponsiveness, and the — [125]
delta waves shifted from frontal to parietal regions.
The local connectivity in the delta frequency range increased in the pari-
etal lobe.
2017 Propofol 10-20 system PLI, PLE 12 PLE outperforms the PLI in classifying states of consciousness. [85]
2017 Sevoflurane, 10-20 system PLL PTE 17 Participants recovering from anesthesia had a more integrated network in ~ [126]
isoflurane, the delta band than did participants without anesthesia.
midazolam Patients with hypoactive delirium showed reduced network integration in
the alpha band.
2017 Nitrous oxide Parietal and frontal GC 8 Nitrous oxide led to a decrease in connectivity from parietal to frontal re-  [127]

gions but no change in the opposite direction.
The changes in parieto-frontal connectivity were prominent in the theta,

alpha, and beta frequency bands.




11

Time Drugs Regions Index Channels Findings Reference

2017 Propofol Frontoparietal MI, TE 7 TE was more effective than MI in representing the amount of information  [128]
shared between channels.

The maximum (TE ), minimum (TE ; ), and mean (TE ) of TE were
sensitive to drug concentration.

2017 Propofol DMN PLIL, wPLI, 128 During recovery, network efficiency and posterior alpha patterns in- [129]

O0.E, B\, creased.
The network clustering coefficient was increased during unconsciousness.
The PLI did not distinguish between states of consciousness or stages of
recovery.

2017 Ketamine — wPLI 128 Significant changes in the theta band, including power and functional con- [130]
nection enhancements, appeared during ketamine anesthesia.

2018 Ketamine, — wPLL O 128 The average integrated information (@) and the network modularity (Q) [131]
propofol, iso- of the alpha band reflected states of consciousness. Only @ showed signif-
flurane icant and consistent changes in all frequency bands.

2018 TIsoflurane, — PLE, PLI, 32,64,  Partial phase locking at criticality shapes the FC and asymmetric anterior- [132]
ketamine Niegree 128 posterior PLE topography of the network, with low (high) PLE for high-

degree (low-degree) nodes.
2018 Propofol Occipital, parietal, and DCM 6 Cortical time-frequency spectral responses to transcranial magnetic stimu- [133]
frontal lation (TMS) are perturbed by propofol sedation. In addition, changes in
both feedforward and feedback connectivity throughout the cortical hierar-
chy might be involved in the effect of anesthesia on consciousness.

2019 Propofol Synamps 2/RT system wPLI 60 Five common brain functional network patterns were found across all con- [134]
scious levels. Functional network patterns were found to be supported by
anatomical connections during unconsciousness.

2019 Propofol, iso- Electrodes on the low- wPLI 21 Cortical connectivity was dynamic during the anesthesia maintenance pe-  [135]

flurane est parts of the face riod and had a higher probability of remaining in the same state than
and head were re- switching to a different state.
moved

2019 Propofol 10-20 system PDC 12 This study showed that the use of directed coherence to assess EEG direc- [136]
tional connectivity outperformed the BIS and the auditory middle latency
response.

2019 Sevoflurane  10-20 system Cross-spec- 33 It was verified that slow-wave connectivity and brain network integration  [137]

tral coher- were decreased during general anesthesia with sevoflurane in infants.
ence

2019 Propofol 10-20 system MI 4 Standardized permutation MI has a faster response to drug concentration, less [138]
variability in the awake state and stronger robustness to noise than the BIS.

2019 Midazolam,  10-20 system PLI 32 Although the degree of sedation differed between midazolam and propo-  [139]

propofol fol, the changes in power were similar. FC and network topology reflected
the differences in sedation between midazolam and propofol.

2019 Propofol — PLE 4 The PLE was used for clinical anesthesia monitoring and compared with ~ [140]
the BIS value. It was noted that PLE could be used as an indicator of hyp-
notic depth for patients sedated with propofol.

2020 Propofol 10-20 system wPLI 14 This study compared the brain FC of the same subjects during sleep and [141]
anesthesia and found similar connectivity changes.

2020 Propofol Frontal, parietal,and ML C, E, ,,, 64 The genuine permutation cross MI reflected propofol-induced coupling [142]

temporal L changes measured at a cortical scale. LOC was associated with the distri-

bution of the pattern of information integration.
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Time Drugs Regions Index Channels Findings Reference
2020 Propofol 10-20 system dwPLI 16 Dynamic connectivity under anesthesia, especially in the alpha and theta ~ [143]
bands, may be an informative indicator for assessing neurophysiological
changes with age.
2020 Propofol — GC 31 Propofol-induced unresponsiveness is marked by a global decrease in in-  [144]
formation flow, chiefly in the posterior and medial directions from the lat-
eral frontal and prefrontal brain regions.
2021 Etomidate 10-20 system dwPLI 24 The unilateral injection of an anesthetic into one internal carotid artery/ [145]
(Wada test) hemisphere caused bilateral changes in EEG.
2021 Propofol 10-20 system PDC 19 Propofol-induced anesthesia caused modifications in the EEG signal, lead- [146]

ing to a rebalancing between long- and short-range cortical connections,

and had a direct effect on the cardiac system.

2021 Propofol — dPLI, PAC, 64

Disruption of frontoparietal connectivity is a signature of propofol-in- [147]

NSTE duced anesthesia.

2021 Propofol — AEC, wPLI 128

The class of connectivity measure chosen to construct functional brain net-  [148]

works may greatly influence what connectivity alterations are noted across

states of consciousness and when these alterations are most apparent.

DPAC: directed phase—amplitude coupling; wPLI: weighted phase lag index; E,,: global efficiency; Ny,..: node degree; £, : local efficiency; PLE: phase lag en-

degree’ loc*

tropy; PTE: phase TE; GC: Granger causality; MI: mutual information; Q: modularity; PDC: partial directed coherence; DCM: dynamic casual modeling; C: clus-
tering coefficient; E_ . : nodal efficiency; L: characteristic path length; dwPLI: debiased wPLI; dPLI: directed PLI; PAC: phase—amplitude coupling; NSTE: nor-

> “nodal”

malized symbolic TE; AEC: amplitude envelope correlation.
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f. ChennuZ5[123]1# F] wPLIFE kR AN % 34 &K I, {EAH
[F R AR T SR T, o B2 B 55 I AR BRI E T
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51[138,142].

A TIRE @R T IR, BT E TR 2%
EEG #4247 2h A Dheg & 1t o b, 30 BR T BRIE T 1
SN HFIE . Zhang (134118 FH sh S ThBEE @ 0 47
R T RRIE R o S B DL ) T RE il IR 28 B K. Li 55 [135]
A Vlisides £5£[155]43 38 it K-means 5828 F1 5 /R 7] ek 7>
MRS S ThREEB IR, KI P —hRsE@E MR L
EAE I PR BRI AN S 56 JRR I T 5 BRI R 25 08 31 7T 5 1R AH O
PEo BET 2 A Th R8I I8 1 23 BT A JRR AN = IR AL BIE T A
B, 5 IMRIAHEG, $HAG 58 B [a) 2 3 1) 34 T EEG 1Y)
BNAS T REZEE M 7 BT T B 5 IE A I R PRI . FH o

4.2.2. FEF fMRI N ™ 4% (1) RREEAIT 72

FRYESCBRKG 245 5, 78 112 5535 T MR i [ 4% () B
Fik (B D, AS9REETLESFENRERN. {EIHES
A FET TMRI il W0 28 PR RR IR 5 B 7, il 1 16 0%
PRAENESCRR[156-171], 7 NP EATVRAEN 4

1T IMRIEL AT 8w (1 25 [0 20 HE R, I 4F SRRk %
WAL P IMRIER ZR R AR R R Shae i@ A8k . K
TEATFE DI RE B R A N RIE R AR KRR
R, KM T 6 3% 30 1 5 200 T LA B 1) fe 5 45 4
[156,172]; 17 M3 B 20 R IR P st I aek R e, i ) 245 F 2B
HIEME CRER TR 83 BEK[173]. MRIAY
A AR B R R 2 T 45 2 R ThRE DR &R, ] DL IR
AR R R XS W A EAE . Sk i FaR i, SRR
SERRIE 24 AT DL BB K S B AR B [157], A& B
A % 2 (1 Th e m P [158], 1M -G JeUlE 5 E 5w )2
55 FE % 22 8] 6 T g S 1 [159]. AN R BRI 245 45 H T AN )
(RRE A, SENA AN [ i X B) P D) B PR [ 14] . X LB T BRI
2 S 5 R S KR HUVE B 0%, Mukamel 55[151]
W I IR it [ AN 2 (8] B R AL, R K i 2 K R
B 3% JE M ) b R R S M PR B . Wu B [160] K
B, SR VAT TR A ) D 2 i DX AR s vy, (HAEZ
Y CAnSEFEmkse . EFEIBR IER N &K, i B 79w
Tk 2> T BN B2 1) R R AE T AR . B Bt AT R
B, TEmERATIR PR T, KW 2 M 4 52 21 R E
Rz, RIH ThRE 2 FEMERIE B2 PRAC, TE s
SHMLRPIRES ™, B2 i T Re @ e s 7EAS (A
BRAMAGE X I0 285 1) J 3500 X 33 7 JRR I 11 ) R 300 K T e 22 1
5 H A X 1) B A R (1617 3K BB R FEAE ] T N [F]
PRI [E) 25050t T e e i P PR e S Ve R o S ) BRI 7 5
AT DL AR AN [R] F ) R 26 1 A X Y 1) e B S IMIRTASE
3[162], X B3 T MR 3% 58 1t 23 AE 05 $2 AL AN )
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IR 25D E I IRFEAS 2o BEAh,  EEXPASIR) B BRI B
Huang %5 [163]18 F fMRI & I BRIEAE I T B 375 5 R0 2 e
B R IE AR R A3 11

A — SERIF FT A I 19X 28 R AGE 14 £ 52 AT BRR I S0 ) 1)
fMRI %4 . Standage %5 [164] I, 14N 7 Gk 1) i 22 5
AR TR R DL A R R K X 38 200
BNMIENN . Luppi FE[1651K 8, KN 1= B Bl 245 86 1) o D)
LR GERIAY 5y 52 B LTS 3 0 4 5 BRIRE PR 20, L I
28R VE AN FURF PRI gk 55 s IR A, R I G R
[3% (ERHD DA RANHIG LT 1240 5 KK T e
G Sr B RS AP AT . AR, B RN R KB
1 5 B 15 5 BRI T Y iR S S Th e O M AT A
Areshenkoff %5 [166] 4 IR IR B 52 (149 i (X 285 7 7 A0 72 4
I 1y e 32 38 e PR PRI 4 SR A Rl T L L S IO 8% 245 7
1784k . Vatansever Z£[167)1 & T — 4 N IAEY 5 T RREE T
B RER R ) FE B AS MR, R I T — Pl e R AL M 2%
ghit), HA RO SEATE R T — AN E A )
ZIE NMEREEAR . Wang ZE[168] IR 7T 45 R B, TR
PR BRI T B SR BRI ) T B RS TR, 8 NER SR 5
FERBT N SR FIE Bl 28 2 (8] (R D) 45 3 B 1SRRI ]
LIy i DX 2 v () N A SR 50 Je 1t Y FL 4

52T EEG ¥ 2025 Tl B8 7% 388 1 23 1 78 R AE 51 A i Ak
TP M B, 2T MR 1 8) 7S Th 8% 18 14 23 B 76 BRI
IR B 4B N 72 . Tsurugizawa 25 [169] 43 731 %)
B BEARR I S5 /N BROBEAT 5 B A IMRLAT 6, 38T
ST R R, SIERRSAHLL, BRI T K Z .
N T AR T R 2 2 TR ST T2 P 3 18 5 i e 7 g
JZ BT ) Je B . Yin S 1701, 78 IR (1 1
TR, B i 99 2 A X 1 U0 5 7 s D e e e P i
FEZ MAFE R DG OG22, ARSI BN SR o A X
— I . MaZE[156]1% 18 2 & 1725 A1 K-means ZE K I
TIUMEARAS I 28 12X, AR T R 2 R IEIR S (R i it
FEHF B & . Golkowski Z5E[ 17175 43 52 P4 1 By bk T 1)
16 22 B AN 22 52 - Gk R I (1) 14 44 3 1 B S 4S TMIRT AL
AT T 2 AR 53 70 BT I K-means 225, R I =i g
D6 T o i 19 265 52 QP AF e 3 B 0 AR

5. 1118

UTAESR, S IRIRT 25 TR T g R M A B L
i /51 % £ EEG fHEMRI AT . ESR PET A KR A% R B
ERBE T, AHEH T PET (A (8] 73 #2384 A 56 X
R, HARAD TR AR IR M L. K2 HURIT S =
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TRBEFUAR P PRI FH T B R A i I 4 25 A AR R B X
S T A ELAE Y, X R B e PR PRI M D32 3 1387
B B BB AT IR 1 HE SRR BRI Al ] 245 17F 7 1) e
BRI, ARG TN LN TS,
() EEG 38 18 o JBRIE M 00 PO 20 5 ()% of AN 7] IR IR 24 ) R
BRI OAMRARRBE I @00 T PERUBCT BRI 24 10 8
BRI @44 INIRS BEAT 2RI Fom, A
XTSRRI 5 R BEAT 1

5.1. BEG 1838 b JBRIE Ht 00 P 52 1

I P 6% 43 B Nk AR SRR I S FH 118 — 4 Sk 1] R0 Tl 753
BB B EEG 88 75 %€ . EEG 818 i £ 6 5 8 18 1 fe e
HEM A ERER . BT IRRA BRI R G, REER
AJHE 22 AT H s AR I R T AR G 48 R P 2 TR RE T
i, HEBEE, HARITEMNIEERT RN A ek n]
FEMRBE AR, Besh, HEBEREMSE AN, &2
14388 T8 1 e 2 5 ) S FE IR RIS rp IR, T ELIA)— K
X 2 AN EE 2 I EERTURN. KZHET
EEG i P 45 IR BT 72 (R 4) BRI T = % ¥ EEG
(64~ 128 Ml TE) HEATHCHE KA, (55 BRI AH G 3
GORIEDBUREE X E SR B Bk, Rzt — it o
R R4 5 R AH O R K I V5 BN R e A FEAR N B . 53— 7
T, A [R] BRI fii I 265 T 7 H 32 36 P i T 7 32 A0 P 28 FRUBE 1)
ANTEHE A A DA LGS R 9 (R 25 SR o e %o il BT 9 110
Z5[174-176], ASCAGN T A A% B2 EEG 4F 0 (R 5).
R T B R A, T R 1R B SR AN [F] BRIy &
AZIRNTF AT B, ARHERSIERSH . WAL, Fit
AT 5 R TG B A O U RETE B £ [42,70-72,173], iX
B IS SCHR[177]— 80 AN B 4E g BN 2% [ 3h 2
W, BT ZI L0, sl R B WS AT . b
ENLES I TERIRIE, A I 2 AL 88 2 ) A
e PR AE 5 BB [178—179], B IEHE AL E
TR pE T I T HE KB i

RS JRIERTFC O A% EEG IR R4

Feature Low Medium High

Number of electrodes <25 25-64 >64

Spatial resolution Poor Moderate Relatively good
Cost Low Acceptable Expensive
Convenience High Low Low

The characteristics of different densities are described in relative terms with-
in the technique of EEG, that are independent of other neuroimaging tech-
niques. The numbers of electrodes are summarized according to references
[174-176].

5.2, BFREAN 7] BRI 24 1) JER I s 0

AT I A PR TR M 000 7 9 1) 3 0 i 2 — & e v A
[E KR VR, OOE A T WIS e R 2 R . TE %%
T BRI W FE AR L 45 BIS. AEP. . THRE T (pow-
er spectrum analysis, PSA) . MiIRZFE%L (cerebral state in-
dex, CSD 1%, WAHBISAH /4l KFEAR., Ll
e RIS UE[56]. R8T, BPAE 2 )iz N F T I PR 1) BIS,
W ARy . -GS D BRI I ER- . T A
[FE) JRR I 2 /6 FH %) 22 S, AN ()RR I8 2] 1 0 45 310 AH [ 7
BIS{H H- AN GRARGR BRI VR FEAR A o 177 HAE S BRI 24 (i
A EAMGENLED EHTT, BISHE R RESELER
RE TGN [N, BIS 3Z R Fr 3 2454 LA A UL PR oth 771 55
(s, M I 24 P B G BRI (A R ARAR . S — 7 i,
kRS2SR e (2 ng-kg™) T DA 2 kb ST BRI E B
T 7 BRI 24 )50 &, Ut BH 25 K@ T b ] 38 5 PR T 24 0] 2
PRI RIE FH[180], 31X — & 30 A1 15 BF 38 o Aty IR 1 24 57)
R MR 2 AR R . S35k, TR R4 B
I PR PRI B ) > 1 AR KA e Pk o BARIG PR BRI 77 2
AT 22 PRI 25 2H A EAT BRI, B R 9 TG I R e 4
FREEWE AT AR I S BRAS [R] BRI 24 B KIS o AT
AEA  JRRIR T M U HT ¥ () R e g 048 7 R IR G = 1R
FERIRRENLE A ¥ a5 B, Kim&F[131,1811#2H 17—
Pk BRI R KIS B AR TTE, DLX 4 R
FRIAFEBRE; Kim W TR REZG CGGUZEH

(SR R IEZ S N DR E AN LS UR S DS DNLEERSR e a=pa i) =2
Wiy, KB AT AT DAERR R 0 S UIRAS, X I e ik

0 2 3 A 6 A [ BRI 26 7 P M 000 R IR s e DL P S A3
TGRS 38k, K2 Kol SRR 0 382 X i A
B AN RN X I EEG 54T 70 M7, JC ik vHE A s D00 e
JRIE . AT FTR I, S S PRI 245 7 DL R T AN A B2 =
DX I 2 0] (15 B AR 8 [85]. EZMZWIMERITS, ragsth
BUAS RN X BEG M2 4k, I PR BEE 15 2 A% 1% AR ) [
RETHIELAE, [Ht, EEG BRI 28 4 B8 B8 BRI o
T F PRI 0 B2 3 B P (R A

5.3, AMAAG BRI

A e PR PR M 00 7425 ) 73— A 2 B i o R e
b A 22 S G Z U . MR ZE R R AR AR R ARRS L A4
B PERREL A A S AR I N 25 W R (B
MIZEF . BIRNS TAHRISE e A0 B AR SR AR I B, RIS
AN A (R AAH R, E R BRI IR O S P SR I TR
AFAET G 22 57 (1231 Rp 9l £ A AR IR 700 2 1) R IR 245 1
AHEEAET RS DI, ArEEERRRESLAITR



T, HEEERGEENNEARETEE. N1 AL T
R RIRIRAS , KZHdRMs (435 BIS. M-entropy #il AEP)
VR IR B2 B4 0~100 I EDWME . SRR FE R B, A
BIS A7 bR I ¢ P52t 00 B, 26 285 R o R 9% ) R 26 2
[182], X —RULEHI T #HE BIS fE AW & LR AS B 5 8 A
7R, ERMEZE RGO, o8&
DRI BRI P AN T R AE R P RnibE o AT T R JRR I = B
TEZ FEIG R R  [F B, 20 TN K EEE S,
£ A ] B bR AR ME R IR S AR A BRI I 2 . ARi, Chennu
S (1230 3 F X i AR 2 TR P H 0 52 A A4 o R P B0 U 12 1)
A PSR 27 Sl 1P B 0 WP S AN RS 177 XL (1IN 7N L
WL R G B FE T I B EEG AT v 99 48 5 1 v R
iR BEAR S5 & AT /0 HT, Chennu S8 R 3, R Iy H
PIZIVNIRFE KT ARI, (H B2 o 915 B I 24 4 55 PR 1aXox
Yy U X TR TSGR, i X 2 A T A A
X PTH R BRI BB —E R ). RN T
R, P R 2 Al 1 22 A SR DRI JBR e Hhs 00 P A A 22 55 1) 8

5.4, A TR RIS ORI 24 )L 2SR
HRITRRERBE AR, IERT 4 5 B4 =4
PR BEEE . BURAILES . 290X =AN 5 3R 7E 4 B R
R ERFF A BRI, VLIRS T BRI R . H ATl
R JRR I S I PP AL R L PR TSORA R B 7 TR AFLO B, (HL
FE VA B AR 7 T 75 3 — 0 otk o BRI R 1)
WASR TSR 7L, R TR, ARETE
W RFNIESZ . HEFH B A BRI L RORN, R E
LRI SR A7 5 A A I AN H At — R A TR AE
(AR B RSE o T A I R I i B ITILYR B0 ) A s e
W EALGER, DURIREZES) . PR, VTSR AR, B
BRI VR I T RS R B AR RS SR, X
SeR bR MR Z RVEROR, Rr AR, BT EEGHAR
GF (RS [AVRE S, T AR AN RS R I 155
B5 it EEG 7E VA1l JBR B B0 88 R 7 T B A IR K . ot
TR, 5 FVERIERR Y U8 B JE NIESh, 1fi BIS A AE
WK G 2 S g B, BRI, BIS AN W 04005 250 S AN B
BOKP183]. ARIMIEH —SemF 50K B, 45 35 M o) ont K
06 Bz 2 B AT WOE A I [184-185]. 45 bk, 784 &k
T BIA), 35 MRS R T (1 52 25 L 3 P A B At 2 R
WM T RAEKW 5 FH RIS RN, H AT 248
F 225 T7 5 W D R B S8R . lan, B L8 AN [0
F B EEG ¥ ¥E ML (electromyography, EMG) ¥
iy N BRSO HE B A 2 N 2 rp, @ I IR B — N E L
0~99 1] gNOX F5 % [186], F T~ Il by Tk S48 5 51 &2 1
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SRR, ARSI AL 23 5 31 QNOX 32 31| i 22 L PRI B i
TR o = % B BEEG 088 h 28 & - B 5 BAEX 5
PSR B 8 e 0 7 TG AR ORI 7. 9, Hartley
LNSTIHRH IFIGIE T —Fh LT EEG (1 s I 24 ) Lt 473 55 1
PO SLIR J5925, R FH 3 053 43 BT 7 125008 SRR R P I i)
AT M, FREO R RIEOE K BEG B, JE 5 X
MRZH W £ 8 18 BEG AT Gt o A b . Bk,
AT} A3 A I8 T8 RO RSB [R] AT BEG SR GHEAT ek 30, R
I A% 55 A TR SRR I S M TR I K iE B A R 2
Hartley 55 ic 5k B 8 A e GiiH & 1 T 97.5% BA @, H
i Cz A i B & I 2% 7 (AR 2, Hartley 55
B E MR ) LGV ) 5 A2 R IR 1 ) 8, 3 5 Ah A SRR I
RAS I B3 0y 1 Sk a5 M I AR AL

5.5. 4& INIRS HHAT Z B R

IERTE S 2 F R 4R 2, INIRS AT DA 2 4148 A A
MATEE AR EI AL, FE B R4 T s S0 ML
B 1 FFEA R IR, X SR 15 INTRS HE 45 4 B
RS AR 5 V0 R AT W . EEG ATENIRS [7] -l 2
W A] R AG T BIS{E . 5503 AR 78 th %o fiff P B S 24 FNTR'S
E e R BRI s 0 7 92 R T AT 1 2047 7 PPAL . 40, Her-
nandez %5 [188—189]7E A Il fij 4 - i B 5 18 18 NIRS 1% &K
B RIMRBEAERF AR A, EE A G 2L A
M A RERK. A5, MATEH INIRS A S b5 EH
FFAE R ) 25 3 FFf 1) &= AL (support vector machine, SVM)
oA, ISR IR 5 BIS f1MAC AL A E = 1)
USRS . EEE 2, Hernandez %5 & I fNIRS-
SVM J5 ¥ 0] LATE 58 3 Ak 8l 2 mr S0 Al AT (0 5 i o AL
Z T INIRS 1 5 FH AT 68 AT DL — 25 208 o) R 42 v i
M ENF1 A I . Liang 2519018t 1 — Rl & FH (1)
% JIE INIRS RS0, FEUF B 7 HOG BRI IR B M I 0 8%
PEo R 1) — U ST ITAL T 2 1545 EEG-INIRS 43 A 7E iR
A (B BRI AT Yeom S5 [191]18 H
EEG-fNIRS Hff 7T 17 Kz M 1 7 1 o L e s 1 e A L
BN IR, R SRR B & e AR TR X AT (B
/NF 15 Hz) EBEG Zh & ZEis8m, 1@ (E KT
15 Hz) BEG IR FEK; ER KR EREF, #il EEG
I AR 4 R B, BB X 28 EEG I 2 4 X 5 BRI
IVERTC . Ak, 8 T0 =R A R TR 2 A I 2 T 3
W7 RARMAERE , I FEBE A B LR B 77 5
3. G EMAERRN—RZ, K& EEG M INIRS # 1] g
TR, (Hi24 A1k, RAGHF T8 INIRS $8 % BRI
AH G IR ) BE e 3@ MR A Y 26 84k (D, T E T EEG 1)
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PRI B L2272 L T INRPR o 4 i DX 28 7 SRR I AT 9
(R, ASCIAIE T INIRS il /9 £5% 23 #7515k 7] BE 2
IR RETE 90 10 Aok R JE a3, FE BB B nl LAE N2 F EEG
PRRIR I R B TR, DAREEATMEE . BERZ
BLAS EEG-NIRS ¥ 4k A I AR IR 2, B335 INIRS (1A
ZHRET R AT R, UL EEG [ i I 1] 2 9 A R
WIS, ASCIAA, EEG-INIRS 454 4t B R 25 73 b
AR, BN NI NI 2R G R A —Fh R A A 5
7715

5.6. T3R5 ERIAK T A

AR, T X 48 1 BRI 5 R AUk R JE R
AR = 7 IRAT R S B AR T 5 B AL
AU, [ B R s T i PR 2 L I R R A A ) B KR
o RN, AR T ARRAES SSER A LM AT
), DA 2 BE ARG f4 f6 4 (0 R T M 00 7 25 PR KR g

AFTJE A, EEGE 5 &5 5 2 B4 A TR 2 .
T AEIG R PR 52N EEG Y AE 1 R R340 A0 % Fh AE BE O 28
CHTRz B WLRIE S OBkE), IR BIAR P T7 58 AR B
#A[192-193]. SR, 52 A% AR R T R A 15 200 <2 Ik Jo I
M) EE SR 25 EEG Pk 2 BRI K T ERIHkK. @l
FL Y B R H, T R & T R RT AR S B BIS A IR AR T
[194]. Ub4h, FESCEF MRS, H30E BRI DR
J7 5 AR /> o Garcia-Cossio % [195] 1 H i 4 47 5 4 #r
(canonical correlation analysis, CCA) ¥ EEG 73 fiff N % 4
Pa = NITS 1NN % Pt R SN O & b P FHINEER vspa N i
hZ . EEG PRI 2 BR AR K & AR BRBERT 7 — A2
BRI FHAN, KZHFET EEG Wb X 2% F1 R B 75 48
(e a2 o3t U7k, JRIRA 1AL EEG /=i 8] 73 #
RS BAcky, HEH T ad 15 5 2 i
BPERER A BT 7 RAEE BRI [R) ) 7%, i,
ANEVAR AL R 77325, B FE AR AL AH T [80]. AHALT /5 ([81]
FB AR (84155, #RAEBAE B KA 12 vh Dy g I d 1 2
SRR, Gl AR (R B SIS A ZE SR A T AR AL [F] 2
AN 7' AR E A MR T @R T (A GC.
PDC. DTF %) 5 % — g K J& [ I [8] F 51 o g a4 7Y
[144]. Be4h, H AL B B2 AT # PAC i 11 77 i
(971, BAA Tk REUEAD 2, T HL 7R B 1 S2 30 44
PERHAT AT TR, A 7RSI Re I A T
(R[] 73 e, JETE BB RS T 1O .
Bilhn, Lee % [85142 th 1 i vhAHAL ¢ R AR AT 18] 52 2% FE (1)
PLE 5%, S5MAAARAL R J7 AN A, PLE [t 14558
IPIAME 5 Z [A][R58 B2 75 HH 2 B BRZIR 1) 36 14 45 5

R, HeE A7 Hh R AR A AL % R BIRT H B 7 . Samiee A
Baillet [196] #& T B [A] 43 #% PAC (time-resolved PAC,
tPAC) SKAGTHENAS PAC, %75 1E ] LUARHT B fm— N L
B P RS B PACHE R . i ERTiR, i)
I3 B R 0 T BE 8 M A T T7 vk ©L A T AR TE R F 7S B
o BT st o g M shRe et Al v 7, s Thae
T 38 43 A HE S AE R IFE EEG BIF 7T FP R P AR AT 47 1 0 7
=Bk, B\, sIEJLIETT[135,155]148 H e 2 &
CEARA R ERE. —HH, AKIEFE—BEAES
W A ) K S I A3 A R LN AR B 1 AU, T
Tk K 18 i K S 2 PR A1) T JER N R B T e 3 M P ik T [ 1197
F—J7H, HATHE R 2 A TR G, XA e
W hnBhAS ThREZEEYE 3 M 0] e (A PO BUR A, DRy Bk i g
FE R /2 B 22 51 B 2 T e I G M B R] 2 AR I R AR
[197]. BHBt, 5T EEG [M3has Dhg ikt o i N2 % 1
B T [198—2001 K FH (1 & AL 7532:, DAV BRHE T & 1 )=
PRYE. FR, BhAS B BT B Th e % 8 1 7 b -R 4 Y
oG X 2845 SV BR B O o A R BRI AF 90 0 2 T R IR S
(G W R, 6 RN A ] X 48 AREAE F B i B 4 Bk = 50 &
A, BT A D REIEE AT RS R R (R K-
means ) 7 EAS [ 45 5 RAE,  FLAE BRI I ] o 52
FRIPTAT A FE M . BRSNS ThREE @ M o W TERE 43
FFE[201]. H HAVEE202]. 2 EINAIERS (mild cognitive
impairment, MCD) [203]1%5 112 Wi R 438 7T 2N, H
JRRIE SIC BT M 00 4D v R 1] 43 1% 28 SR 25 BN 74 T e T 8 1% 43 pr
TE TR s 0 PR L FH >R T KB R . ok R 22 AIE4E 35
B, KGN 4 4 2 BE I () BSR4, PRk, 1833 T
FAERE LT 8] b X 2 G084 1) B R SR AAH B 1 e AR
WL AE AR 3, 3 55 T EEG (1 3h 25 T B8 % 38 14 2 4 7
TP TL, LR N R I 5 A P 2L

WAESR, WA 21 JETE RN R 12 I A5 21 1)
ZNHH, AL EBEIF RIS VS A, BE AN
BLES 2 SITE R 2 W (R o %8 XA FH L 2R
I Wi e (RS2 5, AT LA S 25 AH SR 2708 [204-206] F
JRBIPERF F2[207-210]. F-7E 20 T 22 90 AR Y], HLEE2E
T3 AL ORI 5 DRV A U R F T IX 43 265 RIS AT BRI
RER11-212]. BEHE MREERE fabr (W BIS) 1 H 25
oo N 25 SN A 2 2 J7 AR IT A6 ¥ T BEG 8 2
fr, HH B2 @ EEG 1) H A 47 i >k i/ 8L BIS B [213] .
filhn, AT N T G B R A EEG S i 43 #r >k Ak i
R VR B, I HEEAE — IR A3 4 1 (quadratic discrimi-
nant analysis, QDA) ¥ Fj LA EEG A~ [R] 47 3 B I R N 4
TER 2y 2 e PE[214];  Shalbaf 25 [2151% A~ [A] EEG $F1iE



(B L. FEAMS. Shannon HEFHEE) HAEHMANE—
T BRI i 20 X 2% 3 S SR —— B A SO R il 1Y) 1 3
FAEBOIHEEE R A H, 1530 92% MIHERI2; Hashimoto %5
216145 T N T2 ReAE BREE b B I LA 328, (=]t
TONLAS 5 S TE BRI M I H i B A A, i X EEG R
WL 2% > 16 BRI e 0 mh (R i 9800 SO 40 e o T4,
{88 EEG Dy RE 2 18 VEAF N RFAE L3S 2% 2 71 24
TR A 5 2 b . BN, Lioi SE[ 136115 H 2 M A0 4%
AR 9 S W FoR I R P2 (RS AE, 5 BIS A MLAEP #E47 ¥ RELE
o SREW, PLAF MY REEE RS SR, X
TE AR R RE AR A, MERRZRIAE] T 95%. Duclos
[14811F ) 128 818 1) EEG %, L 7 R T IR IR 5 bx
(RFAEC) FETAHAZ#EAR (BIwWPLD )2 R 8 PEAFAE
T B URES 2 KBRS B, FE4H Python H [ scikit-learn
B s AS 5 ) Bk, 45 RER W, AEC ik ERAH
R RERR R, Rl TR R RARAS, #Em ]
PUIS 21 83.7% . HAF RV, ML 2% > 550 0 4% 40 #ir 25
H F T BRI R 0 1 Ak T DB B, FRATTAT LAY
T IARIIRAS 73 S48 AR O ST R BIF 72 225 3 1 7 VA A
B i, GaoZ5[217]545 T 5 24 W4 FIVR 2 S 1
EEGE S0 MR A, R 7 IHLEE . & ig
INFI A AT S AE, AT DAV N RRIE ORI I 255
FE B WLAS 7 ) BE N T R I 2 BT, 75 ZEAR YR
BULRAE KRN EEG 48 47 Frid . H A BRI T &R
R HIVEAL A3 AT E U &R (RIRSS. MAAS
FISAS), X5 LI T 38 X b F-H0 1) S B A FE o) i
VURES AT IR [25-27]. AT, BEIRZF WKL, HAE
PRI It A rh AN — o AN 5 A0 S 10328388 M B R T e v 1k
FH—8[24]. NAEIGHEEN B A SR, 55 FEAREAHE
HEIE, FEXPRSEA RS NBERE, SRS SIS IR
e T, (B RA AR HAEPOEIRS] (non-rapid eye
movement, NREM) HEAR CZ S12WEEZD 1, A4Sk
FEREAR: RIRER AN AR IR B R R I, EPRRIR
FHHEAR (rapid eye movement, REM) HIiEERE R, /R I
IRAMR G E R A EE, NHEEREARA RN, HE
TURIRAFAE[24). DRIk, TG BB FFANEE [R] - BRI 1 G =
W, X R AR TR R B H AR e RIS AE
MREARIKe —J7 T, 8 H R BRI 715 2
AR REAECE IS (B B0 b 5 RRIER BE 2 DDA O, H G R
EVR ORI fR Z AL Y R A R [218]. W1 1.1 /Y
FITad, i 22 88 1A A0 DX 24 23 BT A T ) B A 2 ] 1 R A 2
ZUTHN, BT THEMEETCE RS, o] B RCA TR
fhBRIE P RRACE I S bRt R DM s iR, 5
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B Sy MTRR L, 0 R4 50 BT A2 BRIFEAE F T B RORACT 1A
FEATERIEM . 28 EPR, Plass > 52 RME% )
BrARSS & — AR AA MBI TETT ), R RN 19 25 F) 7T
SRR L5 St A B SRS T ik AR 5, R B T T RERR
BEAE ] IR E B VRS PRSI HT& 12

6. 4518

IR -5 R BIE 7 — B e R S A ) i 2R
R H AT RIS S IR B e LA 2 MR, (Hiesd
PR EAT — PR 2352 . WHTEA BRI A R
BAGITIERR R T R RS Rt 72, 45 RaR W]
PRI 75 3 (A JE i TR AU H T BN R X 38 g 32 BR
SRR . hkENAREE R EEE, MK IHrEE
N R A 2 MU AU M AR . 325 ik, K
2 Bl PRAGFR AN I 2R S 02 2 HLIE T8 B 0GH IE EEG ok
PR UBUKS, BB RIRT AR R, XA T 5 S
FO BRI TE AN ER I . TR —FOT EAE T R E Al
FEs - I BEMER 20 UL 0 PR BT B ZI AN 22 . AR ST
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