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Fig.1 Illustration of various EEG biomarkers
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TMS: ZJ5ififil#4 (transcranial magnetic stimulation)
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Table1 Summary of EEG biomarkers based on resting state
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ThE 5 AR THC D, 5 H 53 6] -0 A 5 R A0E mT T
JEHETDOC H F 1 & KT 22 U I 4PSD A i
FEAESE A IR & MRE, XA UWSEMCS & i
T 23%82% [

ThEil “ABCD” izt TBIS 2 M 3] 58 3 B/C/D AL 1L 5 8 GCS V43 4 5% B
S FH W Lk 2RSS H BILC/D B fibg R T = U s o e PR A
92.3% [

L0l Bor+/00~ 1L ik HLUW GCS P43 ELAT 15 3 il g 77 ©
DFATR L B FMCS B, UWS A Je i [X o5 pA%BL T DFA
FEHUE EK, H S5CRS-RIT4 8 AR Do)
ThE R DOC 3 F AR WE R 5 CRS-RIF/AHSE, BREEIRZS
T 1~45 Hzil#l R SR IELZCH LIERR UG U7, B
MDOCH H LR R H5PCLEH % 7
TCARARE I} AR DOCHEE HIBCIREAR AR . B RERAL U200, WOk A 42 K35 3 76 1 1) R b g i s 2

EBRAEXT D, MRECRESR., BHEEH
o IR DP SRR ) A 22, HoAh 23
AR — BRI TS

e, Wy A, B I R A
{ELH HITBT TS A TG B, D5 i AT AR —
Bk ArvE A AN A SR R

‘E [19-22]
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a1

EELa

FEL®

25V

L PERHE

0 D94 £ R AIE

LEgE 2

el k]

KA RHAE

i

DIReiER TR

DOC H#H WO Sh A MU B R A, HOMB i
RAEDER, MDOCEH 5 [ ek B R 1)

DOC & 3 HOIR 25 C Y 25 18] 4 A 5 30 5 HC A7 78 |8 3% 22
2 BT UWSE S, MCSEBE MRS FE VR 23 7 4
A5 b B SR, R IR R E R

R CIRAS I IR RAE « Th 2R3 8/ fl 5 2 T LZC IR RALE
AEE SH 6T 26 b 5 BRI DOC B3 RS B IR 0, VR ik
91.07% 21

ApEn. SampEnfE I [8] F1 7 [a] 4 5 1) AR 4 2 %5 m iR K
O CAUWSEMCS) KR e P9 DOCH##
PE&# i THC 7, MBPTEHK THC ', 0 5ol
BIMACESSCER® A MX HMCSE5UWSEH, IF S
CRS-RiF4 A B3
LZCS5PLZCH| LAX /rDOCHEH 5HC, #t—5 RIMCS
5 UWS &2 XU A5 55 74 2 BRI X 9 PLZC A A7 7E 2. 3
Z 5 1, HED A LAHER X 20 UWS 5MCS, #E#i Rk
88.6%, FalEl: R TS FFT S RHIE B

WA T E RS S SR A RIE RS
BITMTBLEE . FETBLRZ MG AR LS B, 2T ek
A HAF B R B 0 B RRAE T X Sy UWS Y
MCS 55 3 T % 1£96.2% P27 CPSDD X TBIJ5 DOC i
T Z1£98.21% B3, PLV. PCC. COHZ: & ek ik
H C-PLV. C-PCC. C-COH iR %I TBIJ& DOC #E #j % ik
99.07% 34

FE S 17 32 B 4% e LR 1L 43 T TE iR T B i B
BN, IFRERIAE ARG R A,
ESRPURR AL T S R 2%, P v S R
PR, HAEZE ORI, SR R
AR, AELLSRIR B BIRIRAT

RE W AR 8 A 150 DX ) [ 2 ALRE B, A Tl 3t
V) R A8 I X R ) W DG AR, e B AR
Wl L 2 R AR AE, DhREIE R T A
A IR 2 B R AR K AR DT 1) AROR TR 5
IR DR < R A ] 0 IR % AR E 1) S
TFeh & 2B, B AR R AT RS
A

MiThBEM %S SMCSEL ML, UWSEE 1 Ih B8 4% (54 % 42 K
EREIE, MErhot. BRABEERMEK DY, &
UWSHEH AR, 05aM B PLV 5 W% S5 H
GCRV i Z AL BTy DM (R R B, LRI bk

J, RPAERERAE K RE BRI 2B A6 I 2 6 3 T £ 8 D7

Z % H M 2% fIMPC 5 MCC 5 DOC H:3 [ CRS-RiF 7>
TR S, BT R4 R T A A N R R R
TR, ERE AR T R s B, %
HE R M4 2 2 Mt T AME B, 1T AR X 5y
UWS5MCS 3 B, o B k5 B piy 326 38 18 B 0 5 2
[X4FHC. MCSH# 5UWSH % [

2R IR 4%

PSD: PIRiE#E (power spectral density) ; DOC: & iH[EfE (disorders of consciousness); MCS: fH/NEPUIRZA (minimally conscious
state) ; UWS: JCJ W 4 BELE A 1E (unresponsive wakefulness syndrome) ; HC: {dFEXF B84 (healthy controls) ; TBI: B4 1 I 5 17
(traumatic brain injury) ; GCS: K a7 &3 (Glasgow coma scale) ; CRS-R: & 1T Ji k9% Z &3 (the coma recovery scale-revised) ;
DFA: 2 ##5r # (detrended fluctuation analysis) ; LZC: Lempel-Ziv & 7% i (Lempel-Ziv complexity) ; PCI: ¥t o & 4% P 35 %%
(perturbational complexity index); ApEn: T4 (approximate entropy); SampEn: FE4SJ (sample entropy); PE: HEZIJE (permutation
entropy) ; PTE: % #44% (phase transfer entropy); ACE: M EEIKA 4% (amplitude coalition entropy) ; SCE: [RIZFHEA 4% (synchrony
coalition entropy) ; PLZC: HE%1 Lempel-Ziv& 74 & (permutation Lempel-Ziv complexity) ; HFD: Higuchi4>J& 4 %% (Higuchi’ s fractal
dimension) ; FFT: Plifl L [7Z54 (fast Fourier transform); CPSDD: IS4y 7% pRAIE IE DR 1%% % 22 (power spectral density difference
used with recursive cosine function); PLV: #i#fi{H (phase locking value); PCC: /Kb ZREL (Pearson correlation coefficient) ; COH:
AT (coherence); C-PLV: i JH475% pR%UE IEPLYV (PLV with the recursive cosine function) ; C-PCC: i 4 4Y5% pRAUE 1EPCC (PCC
with the recursive cosine function); C-COH: i#IH4x7%pK%UEIECOH (COH with the recursive cosine function); GCRV: FE{A& Rz 5t sz b M E
(global cortical reactivity values) ; MCC: 2 42 FH 3¢ &2 % (multiplex clustering coefficient) ; MPC: £ & FH5 5 &% (multiplex

participation coefficient) .
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2 ESTERBIREY

BB, 55 AR — 8o it —
BONAVE S i AR P BB e . & R T B 7R A S5t
FErp i i AR AR L, TS RN E T BE
(IR 012, RS e Kol fe ',
HARI T2 E TS S 5. 5 Smmbr&EY
T ALRE S F A A7 (event-related potential ,
ERP) . AR E] . MARRIE, K2 B4
T AR
21 EMHHEXBA

ERP 75 KM A BRA5 S A B[R] h R, 4% BRVE AR
W ] 43 A AR 30T ERP . FR AR 3 ERP R
AR ERP. /7 AR 191 ERP 4245 N100, N200,
JRVCEC A (mismatch negative, MMN) 25, MK
BRI, S (5 S AL ER A SN
g5 KWK ERP 5648 B 400 . FIHE
SO T A S ARG shAHDE, e A B B
BN T AL B, & —Fp I R S, AL EE P300.
N400 %,

H A 8T 58 i 2248 FH Oddball 35 2037 & FRAF ki
H ) 07 DA BEA AR B AN BE )l Bl . MCS /R 5
UWS & B0 B ST T s N1 ™, 78 L3
40 g T, AR EIKSE (DOC/CS/AA % Fi
T/ MR % F ) 6 e I BB B o 1Y) 10 RS A7 AE AR
40 MIMIN 2 p i 22 RSO T 5 b v 50 T A
ZEA5 B TR DY B A, 7E R 25 S 100~
150 ms TA B AF, 5 B A g F 35 S 38 ) A sl i
T LA KA 25 300 38 5 SRR 1 A G R 22 ) g 2 B il A
EAMIE R, MCS5 UWS ## 1Y MMN & i Al
YER AR (FFIEAETD) MIAa S8 bx
TG R HE4 MMIN PR iR B 5 IC TR0 T s, 4k
MMN PRI 5 7736 BB 19 147 )5 GCS TR A2 1k
TR T TR A 38 2o 22 38 3 A BB A Sk
AC R A ENE, FE2 60~120 ms N GREREAGT
OB, SRIFIEFL AN AR, ARIE R4
JRIGEIRERAS o FEFRCIRAS /BT MMN RAE AT LA
YER XA AR E PRSI EAR S, AR A
B, UWS BFTEREE HOR ST B9 MMN -1 3 18
B3 E T MCS, TR MCRAS IR B R A 5%
ARZS B0 T REE RE A NSR AR 3G, BERS RS HE X 43
MCS 5 UWS H& ' P300 i )i 5 8 2 A3
RBAAZECIBeE, RVPAl B v MR A 1) FE 2 T
Fro fil/Wr AR BEHRIE ) R R e &zl A

O 45 (subject’s own name, SON) = &5 4]
Pk B F LAY P300 WA B,z X A B
AT TR N R A, R i G A H A 3R
B R E B S bR . Murovec 25 47 i fh i
Oddball L X DOC f8 & #4722 10 d i H &2 F
fili, ZILP300FEHRHEA RN DOC B3 145 4 i
HERE 1, HERIRIA 88%, )5, Spatarods 1“8 fifi
FHAR R AE T 16 4 DOC 3 #4714 & 9, H
4 21 PRI A3 BRI S8 58 7E P300 DAL 2 B
Fe A AR RE 1, TEB P300 15 1R 51 3 Bl o hE
T AA R . — 000 LEE 47 £ 3 RO 9 B
AFEIAHIKE (DOC/CSANI g/ M % 7 ) %t
P300 I I A7 75 500, IANHIKF# R, P300 3 iR
R P3a S P300 A — AN AL A, S R T A
IR0 B R R AR RN, AT DA R Az
RH NI 78 —TC T BN 5T
MELE MCS B RYBX L5155 26 i TG P3a
JLAY . RN 2% 2 T AR 2 0 T b
P A B ARG R, T UWS B P3a il
B, PERERR IO 2 i, S i s Y R
INFIDIRESZ . EAb, ASIR)G R ) £ Y P3a S by
AR, 5TBLEEAML, JE TBIAHE A 1Y P3a
IRIE T ), 25 A A MR E, REAE X 2R
P A A9 MCS 5 UWS & . “SON” ZUh & 48 24
DOC B#E W 2| [ O A T 5 ANBRN AT, X
H 27 AR P300 M ARG, S BRTE ik
DERAAN TR T, BE T A IR0
i, Ferré 45 " IR FEH, 75%15 Kk “SON” %
I B R B T KO B AR & eMICS, IEM T
“SON” U 7 DOC & Ws VAR v i FEZAN A .
i 7 1 R R (local effect, LE) FlI4s /R
(global effect, GE) & K fixi ki il ) J5 # - 2 "
Oddball 75 XA [7] )22 U s [A] B A 1Y) 332 B 75 &
B AR L o HH LE S X s v oy B A 1 S 1)
R H SN, FI A ERP H iy — AN IEME Y,
O I8 3 M N 1 B TR i A B — A R S Y
100 ms FF4f, FREE IR EE ;107 GE T2 K ik ot
SRR RS S e . Tz A Y
N, [RIFEFREN A ERP o A IE PR R4y, Ho e
IO S} ) 6 57 56—~ BT 46 ) 1) 200 ms F 3K
S50, WS R B GE T LME N —F s DOC R H &
VUM TAFER TSR AR, [FIREX 64~ A B E A
AIMAER =

5 A% ERP AE 1% 15 0 1 52 ke £8 35 R A X 4715 3]
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W ma Rz, AR T A B AZ R RE A R,
BOEXHTE: 55 5 B AE R RO, TR
WUHL S5 2y MR R 18 BT, HER 23 T T R 5 22
KR SRS, Ak, AREE .
DOC 75 B8 B AEE R R MR 22 57, HELL
MG — 3 Hrisiti . PRI, PRl T I ST 4 ey
DOC & # BN AR W AR B R iRk 2, K
HRMFFEN % SRR G HANRFAE S S PEAL HERf 2
22 EMHMERTEEE

S AR SRR AE  |  M F D R ik
BT, ELA R B A R LB LG B e e A AR
b YR BOE L B ) T AR, FRZ g
A0 % 22 [A 224k (event-related desynchronization,
ERD); M 5 | & X Se M5 B () D R 5 it B
F =AM SE T A 4L (event-related synchronization,
ERS) . X SRR AR b S B T AN AE A HIME: 55 Bk
HHRE T B sh &Sy, JUHAE VP DOC &% I,
ERD 1 ERS HYFFEZE Ak T A by 48 78 2 2 B tAHPIR
SR EEATARIR . FAH SIS T AR £ i
2 INIPOPAE Y I ES T R s S R T
0] T O 2 S ) I Y S AR i e 0= WA e o
R B s s PATIER ) T15 K AH G
HURRIE, FEDHA B 48 218006 iz 3h T Re )y i 2 2
JTZWESE . BRI Z AL, X R R- 42 Oddball i
AR 530 & A B i BE A PR IR B 45 2 R e
JI0)DOC B, HH ] % - o 50 B i -5 6 40
Tt 0 451 B i il U2 X 43 HC 5 DOC F 35 1 284
GNFERR, HAERRIR 82% N, i 3 TR I
(B R 2840 F SR A 28 8 12 sh DD e R FE B IR TR
A, Zhang 55 ™ B, MCSALBEELEKTF
is SIPATAESS R 0 5 o S BT RE AH TP X 45 1
WO L Ko M B X i o BUAH A HiF S FR 2K
(debiased weighted phase lag index, dwPLI) [ %%
(4 R e T UWS B 41, JF5 CRS-R1Y
1B S REVE o B HGRAH M. 53 A BF5E 3 B DOC
e Ol i b G R L H RS F= RV S B [ PS
o, R K e R AU R nE A B ) R (the
presence of olfactory response, ORES) [*) 0 4l Bt 1
RE % 2 B 1 AR T 0 W B (the absence of
olfactory response, N-ORES), N-ORES 24 A o
BB AR X D A T HC, A FH RS0 i e, 97 o] 7
I8 BRI ) L P MR 3R 3 62.5%, AHXT IR
AR A LA S 0 45 B ) e i e M A e A8 5 R A el
FETERAE SRR

ER IS PSSR X TN [Pop U G e
RIS, 7R T 5 DOC B Z PR S 9 56€
R 5 ERP (44T 5 AN TA] AR 540 s B R i
X HNERAEL A SR ML, 38 3 A TR B4 43 4t B 3 ]
JB 7 R I A B B L A — RN S5
ERP 5[0 i il 95 S Sl b A Bl A, (R
F A AR B A R e TS A8 fk R Hf# ERP
HH P R S IO AR T R VR ) A 2 A B A A R
AR R B AR, JER ) BER AR, 7
PR MR KT Shi, AU T LS
ERP, [Fli, FBAHFFE A ARG B, A e
W, HE BV RIE 60% 247, i A3k B I A R
JIr it RS L
2.3 MEALEFE

AR, AT 55 A M HL bR B ) 7E DOC B 112
W75 105 PP 0 0 AP SR Ak o X 3 ) [)
A RN B B A DOC WEAG B0V fE bR S 2
— o L R 5 5 0 2 T g TR A S R i sl
A S = ] P i ) A 3 b ) — Bk s R
W 7 R e B A e S 2R, Wl a2
IRAS B IR S AROL X A TEke, SRR 7 P 25 i)
T, IR AN RN | AN N g
J1o ZTGERI, Wrsd FRES R i R K 2 R 25
M 1o, AN BE S R M AT A R LIRS, 5 5 2%
PIAE . XuZ: B 504 DOC 4 41 Hz, 2 Hz i
il A AR 11 i R e [ R T ) 25, O
il AR — S A A, RIS R AT
41 Hz V55 3008 A A e ) g A 67 — B0 8 3 v
THREARE, 5 CRS-RIF W E IEMHK, 1L
A, T AR —EE X 4> UWS 55 MCS B 1Y
HER 1K 87.08%, HlE (RIFSUNR) HEHHA
83.4%, LA S & 1 0 4 B 4 [ SR IE 5 I g Y
FAE — FOPE X 40 UWS 5 MCS H 3 19 1 1 2R 1k
81.25, TS HERI ik 81.79%, I EAT e fUsr: 5
St M fATTE AT HC 5 MCS B E T £
T 7 ) SR S A e 7 ) Uk TR AR 7 — Bt (inter-
trial phase-locking, ITPC) % ¥, MCS & {44 X}
L BRI PG RRE R [F A e y, S i
MCS f AT FE R PR L A 3ha > i)
WG 2R RS R, 1% A St i 5 R B ]
SRV AEAE IV AE SIS E— W SE B0 IE 77,

B ) 25 1 LASL , BEF 4 R A R 1E - (global
field time-frequency representation, GFTFR) Y AH
PUPEFE L (similarity index, SI) MAHA 5T % £
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JE 54k DOC Hi35 5 HC BN FL IR 07 A AR BIPE , Fft
DOC A& 2 Wif5 B . GFTFR ik T K Iife A
I Vi) AT 630 T N 9 4 R sl 455 1 sl
RN EEE G R, B TR KINFEA R 55 5%
PEERCT I ARAREAE | 224 0 33 R A A S ik e, e
PR AR, AT DABRAR A T A A o T ST
FIFH w7 8 B ZE A AR B35 DOC 8 # 5 HC K
i 4= Je 1 SRR A AR ALY, $24E%T DOC B A
RSB ST . Wang 5 % 1153 DOC H & 1EWT
4t Oddball yE X F ) GFTFR, #— #3158 7 DOC
% 5 HC [a] 3 T GFTFR (19 SI, & P SIRES A 2k
X/ MCS 5 UWS (B, HALER ) i fe i MR R
iKT77%.

A T LA el 28 SO AR L TG Sl B TP R
FHEE T ERP 5 554 AH S50 25 8 il R 45 T IR A
SRR PSR (A )38 S L, AR S 5 R S L)
Sl M A, XIS A A 2 A UK
PR . Ak, GBI ZBUSRHE . PR 2T A

BT RITREZ R G, AR B da s M 22 1
S EZE T H, JEEDOCERFIGIKIZH . WAL Al
Pa R AR AIEH]

55 A5 MR BERS B S B SR A R
FT AT S5 A OC Al 2 i A IR A E HCme R XA T 55
BRI RCR , (R TSR 55 A R
PATREN A AR, bW Z B~ An] Hepk e
&, HABFRRERK | 57 R 2% o fiy
SR, BEAk, RO INRIRE T E A2 A A R =
H EPATIES IRES), MELLE R ARNRAIE . Ak,
i # S BEG 51155 A EEG W& /i, A Bl
TR KRIGAEARIRZS N B9 RepLsl . [RImF, it
BZ 5 TR AHE R AR S, SOT ke
B W] Fi75 & Z R OCHERRE R 2B B0, A
RO DOC B R ZhFAE, Al R L 2
M2 R A, MAE AN TR BERRE T 734
FeHfesh DOCiZ I B aEfL . A Sh L&, Mk
BEARB A ST T TR

Table 2 Summary of task—related EEG biomarkers
R2 EESMEREWICE

PREHY

EEE2Y SR AL S et

Bt

B

PR AL

ERPHL > £ WiLOddballyg X,

FrROddballiE =

MMN 2 #i.OddballyE

P300 22 Moddballyg X,

Fr0ddballyg X,

“SON” JE:X

SRR AR RN SR -4 JRlOddball i 24

MCS5UWS &3 35 £ B b
IEE@‘N] [43]

L3 i 43473 B A kK (DOC/
CSANFIBR G/ K H D) X AEPsIE
FEAFAE RN, WRIKE s, 1R
FQ@E—%— [44]

T3 3 HE 2 MMINTIR I 2 2418 T- 48
ToEY, EEMMNIBRY S EE S
H W14 5 GCS VF 43 78 1k 12 & A
J U1 UWS B T E BOIR S
(IMMNR 5 55 2 5 T MCS /g )
oy TR B e A A R ST UWS 5
MCS ## W% K P300 741, MCSH#
WX AT LB A KR 43 P3a, UWS
B PIath R, FEHERTIT) AE 2
;. AETBLE %M P3alig {2 35 &
?TBI%%‘ [43]

L 45 405 558 N K7 (DOC/
CSAN R S/ 3L 8 2 F D X P3007%
e A TE 2 AL, A KK CE
P3003 i A B4

T5% %K “SON” RN I
PUKP IR & FeMCS BV

e 288 I e Pl I 7 VR i S A N T
4 JR RURE AT AR S BRI TR AE
I BETI 2 RKCE R B

RE 5 LWL SC RIS 471 B 88 1
[ AELR) S 7 52 AT 55 5 Y A e
fsem, H5%ZTl, MEERE
Ko HER A PP RS AR T K il
FIR S 20, POk LA
NP T BARAE — 2 R
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bR BT fatr L RS FE AN
FAFAR AT ] ERD/ERS WA 5 FIZEh A RATS K IDOC B # Bl AR MR 315 B bg R R RINTE R B AT 55 T IR
60%~80%, I T 1 Gig 3 S AT iR, HNERPEMLTHEREIKIN
% 1 W T R T LA bR
JRi-40 R OddballTE A 7 WIS AREL U il BB AR I A5 2 Hg A A R I 9 K IV B B OB R 89 T
&)1, HCHDOCEH FIIMIRA  ERP, [EN S8 7 NS5 F A
o AT R ) 5 W TR AT B R A BRIk B R R T R
FRTE 3
FET AR A 283 5] FIBHPATIES MCSEHE 0. o TBAT G A T M 0 4%
g T R, 04T BEdwPLI M 4% ) 42 J7)
MexREHTUWSES B
ML TR ORES # # wPLI W £% % 42 5if i i 2%
T N-ORES 3 153
HALRFAE AR — B 41 Hz. 2 Hzil & TG B4 0 2B 1 e S AR 67— 58 g s e i) 875 338 2 ) 1 [ 25
F AR 1 35 HHREETHEARES, &M M, WEES AR E R U
ARDL — BUVEARARSS & B SRE F ARSI S RUSRE . HLARE
—EUHERFIE IS I S TR HE 2638 ARG ERST MR AL A, ALY
£80%LA |- 56 e B AEDOC H H IR L Wi . i
RIS Hh R A BE K A E
ITPC HFWEIERE MCSHEH R 2 & 3w s
U5 R AT 1) ) 25 1 22 0 30, e
MCS B3 16 B 1 3 IR A 1
T E 32 ) G S A R
= [57]
=T GFTFRIKSI 2 t0ddballfuz, % T GFTFR [ ST Al DL [X 4» UWS 5

MCSHE#, HEMFRILTT% B

DOC: #iHpEfG (disorders of consciousness); MCS: H/NEPIAZ (minimally conscious state) ; eMCS: B /N PUIRA (emergence
from MCS); UWS: oMW HEHEELEAE (unresponsive wakefulness syndrome); CS: B RFMIIAA (confusional state); HC: fHEEXT IR
(healthy controls); ERP: F{FAHSCHI{7 (event-related potential); AEPs: Wriiifs & Hifvi (auditory evoked potentials); GCS: #&Hiilraf i
% (Glasgow coma scale); MMN: ZJGULFEC i (mismatch negative); TBI: AIPEK#14)i (traumatic brain injury); SON: Zik H M4
7 (subject’ s own name) ; ERD: = {4 #fl )¢ = [7] £ 1k (event-related desynchronization) ; ERS: =5 {4 #f1 3¢ [7]l 2 fb  (event-related
synchronization) ; dwPLI: 2= IIAUAH {7 i 5 F6 4% (debiased weighted phase lag index); wPLI: HIAUAHAL i 5 F5 % (weighted phase lag
index); ORES: MLGEH|HZ N # (the presence of olfactory response) ; N-ORES: PE5EJIl TG/ I # (the absence of olfactory response) ;
ITPC: ¥k AH; —Z M (inter-trial phase-locking); GFTFR: 4JRiiJiZRIE (global field time-frequency representation); SI: AHALIEFE%L

(similarity index) .

TMS 5 & B i (TMS-evoked potentials, TEPs) ,

AR P R RO B A (TMSevoked 1
3 BTERBRB-MRENMRRS ) psn e B 5 0

H TMS 455 | & B )= R d e — iR i Js g
B S AT RE S DL 300 o v Bz J2 46 P pp s
SR, TR Sk B )3 H 2R P A 1Y
[k R R R O IX A R e e
e, AEUEEAL R BT . A5 S A
b, TMS-EEG NMKH T B EXNEF M ENS 5,
ST FIEEIE shim i 0 e st RRIS T A VLT
W KB IE SRS, FERI AR5 45 - AR A il
AE 777 1 s R . A R R R B R N

PR, XAV 5oL AR I = R I B 2R
IR, M PCIE TR, UWS &
I R A 2248 TMS-EEG J i, R PCI,
145 1 PCT U g 7R Bl B R A A7 A . PCI ] AT
YRAME G IR A IEAE B P P AN, BFoE R
W] MCS £ 5 19 i F iR 9 19 A A 0 38 (R 5 2 i
255t L TMS 51 Y &2 2% ik B B2 7 ) 2 80
BN —BUZE R 0 A, T PCLEIAT A FE AR
BRI S WS RE . P shi 2445
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# (fast perturbational complexity index, PClst) #
BT LZC By ¥t 3h B 2% 45 %0 (PCI based on the
Lempel-Ziv algorithm, PCl-lz) BEWE X 43 A [A] 20
KA, R 20 Hz DR A5 B9 PClst 1] A
XA E RIFSHEARMEE, HEE1FE
CRS-R #1435 PCI-1z & 1~4 Hz, 5~8 Hz, 9~12 Hz
1 1~45 Hz AR (1) PCIst /778 S B M1 G o1

TMS-EEG BEMEAIAR B = N A (5 BAL BRI 5l
Bai % ' (AR R I, TMS i 5094 305 B AE
DOC B #H T 55, it | iz g & 2 Mt
R ] a1 B AE DOC B ke, Ak,
VS/UWS 8 & [19 J8% 24 X Jak  (region of interest,
ROI) [A)28 H. % 3 T MCS |4, I 5K E
BUKFHRE, A 880 245 B Ui iy vh ] LIAE
IR bR AR . 7R — IR, TR T
TMS P &Ik 5 W 2 e Rk SR Z MR, &
L DOC & 1R e (1] &K T HC, HiRY
T4 i A AL VO BBl R A ek, 3 et 2 2 T P 4l
G ONLPEI ], ATRESC I T DOC H 5 4R35 A7 A4 M
HIBEIR . eAh, FiIX TMS 5K )2 0 [ i PERE
AT AKX 4 UWS 5 MCS 84, Jf5 CRS-RiT4H-i
FRG

TMS-EEG ${ARAHEL T 1448 EEG J5 1 B A =il
MRS EOUE, TR PR R A DEAL o 22 I 5% 114 R
G H SR, X SEAEAL 58 EEG 5 1 TP e S
W, ARz, BT RS ETS. HIZ
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Abstract Disorders of consciousness (DOC) are pathological conditions characterized by severely suppressed

brain function and the persistent interruption or loss of consciousness. Accurate diagnosis and evaluation of DOC
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are prerequisites for precise treatment. Traditional assessment methods are primarily based on behavioral scales,
which are inherently subjective and rely on observable behaviors. Moreover, traditional methods have a high
misdiagnosis rate, particularly in distinguishing minimally conscious state (MCS) from vegetative state/
unresponsive wakefulness syndrome (VS/UWS). This diagnostic uncertainty has driven the exploration of
objective, reliable, and efficient assessment tools. Among these tools, electroencephalography (EEG) has garnered
significant attention for its non-invasive nature, portability, and ability to capture real-time neurodynamics. This
paper systematically reviews the application of EEG biomarkers in DOC assessment. These biomarkers are
categorized into 3 main types: resting-state EEG features, task-related EEG features, and features derived from
transcranial magnetic stimulation-EEG (TMS-EEG). Resting-state EEG biomarkers include features based on
spectrum, microstates, nonlinear dynamics, and brain network metrics. These biomarkers provide baseline
representations of brain activity in DOC patients. Studies have shown their ability to distinguish different levels of
consciousness and predict clinical outcomes. However, because they are not task-specific, they are challenging to
directly associate with specific brain functions or cognitive processes. Strengthening the correlation between
resting-state EEG features and consciousness-related networks could offer more direct evidence for the
pathophysiological mechanisms of DOC. Task-related EEG features include event-related potentials, event-related
spectral modulations, and phase-related features. These features reveal the brain’s responses to external stimuli
and provide dynamic information about residual cognitive functions, reflecting neurophysiological changes
associated with specific cognitive, sensory, or behavioral tasks. Although these biomarkers demonstrate
substantial value, their effectiveness rely on patient cooperation and task design. Developing experimental
paradigms that are more effective at eliciting specific EEG features or creating composite paradigms capable of
simultaneously inducing multiple features may more effectively capture the brain activity characteristics of DOC
patients, thereby supporting clinical applications. TMS-EEG is a technique for probing the neurodynamics within
thalamocortical networks without involving sensory, motor, or cognitive functions. Parameters such as the
perturbational complexity index (PCI) have been proposed as reliable indicators of consciousness, providing
objective quantification of cortical dynamics. However, despite its high sensitivity and objectivity compared to
traditional EEG methods, TMS-EEG 1is constrained by physiological artifacts, operational complexity, and
variability in stimulation parameters and targets across individuals. Future research should aim to standardize
experimental protocols, optimize stimulation parameters, and develop automated analysis techniques to improve
the feasibility of TMS-EEG in clinical applications. Our analysis suggests that no single EEG biomarker currently
achieves an ideal balance between accuracy, robustness, and generalizability. Progress is constrained by
inconsistencies in analysis methods, parameter settings, and experimental conditions. Additionally, the
heterogeneity of DOC etiologies and dynamic changes in brain function add to the complexity of assessment.
Future research should focus on the standardization of EEG biomarker research, integrating features from resting-
state, task-related, and TMS-EEG paradigms to construct multimodal diagnostic models that enhance evaluation
efficiency and accuracy. Multimodal data integration (e. g., combining EEG with functional near-infrared
spectroscopy) and advancements in source localization algorithms can further improve the spatial precision of
biomarkers. Leveraging machine learning and artificial intelligence technologies to develop intelligent diagnostic
tools will accelerate the clinical adoption of EEG biomarkers in DOC diagnosis and prognosis, allowing for more

precise evaluations of consciousness states and personalized treatment strategies.
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