Advances in Clinical Medicine Ifi/REE23E /&, 2026, 16(3), 2813-2819 Hans XM
Published Online March 2026 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1631083

RNERRSEBESERMNBEEGHRTESR

R

EBNL, B R, HARE
LRERR RN R 2B S

Weks H . 20264F2H13H; FHER: 20264F3H6H; &AAHM: 202643 17H

HE

HEK: WERBE/PMEFIRE (Minimally Conscious State, MCS) 3 548 FE 5T 8 (Health control, HC)ZH %
& (electroencephalography, EEG)REZ R ER . Hik: ABFAILPA23H/HCsA KX 28FIMCSEE, K
i AR BB ER R EMRES . FHESNETZSITRBRSELSEFITRT 2. G&F:
MCSEE FRCRS RN B K FHCH, REFER/NMTFHCH. MCSEEMRSANBESXREE R THCA
(p=0.007), TIHCIRADN EEETHCH(p=0.042). £5i: MCSEEHESHEMRESEERERY,
RIUAFEN RERK . REMERK, DRIRFBREMEREN R, BEINMNEEERT, BEES)
TR, XEBIRR R TRERI 4% R4, AR RS B AR TR HI R AL T IEdE .

KA

BARIRRE, BAaBEGRES, #ERE, BREXR

EEG Microstate Differences between
Patients with Minimally Conscious
State and Healthy Controls

Sifan Wang, Chen Chen, Yajuan Hu"
Department of Neurology, The First Affiliated Hospital of Anhui Medical University, Hefei Anhui

Received: February 13, 2026; accepted: March 6, 2026; published: March 17, 2026

Abstract

Objective: To investigate differences in resting-state electroencephalography (EEG) microstates
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between patients with minimally conscious state (MCS) and healthy controls (HC). Methods: This
study included 23 healthy controls and 28 MCS patients. Resting-state EEG data were acquired and
subjected to microstate analysis. Repeated-measures analysis of variance was used to statistically
compare core microstate parameters. Results: Compared with the HC group, MCS patients exhibited
significantly longer microstate duration and lower occurrence. Coverage of microstate A was signif-
icantly higher in the MCS group than in the HC group (p = 0.007), whereas coverage of microstate D
was significantly lower (p = 0.042). Conclusion: Resting-state EEG microstates in MCS patients show
significant abnormalities, characterized by prolonged duration, reduced occurrence, compensatory
hyperactivity in low-level sensory networks, and reduced activity in high-level cognitive networks,
with overall neural dynamics becoming more rigid. These alterations reveal functional network im-
balances in the brain and provide electrophysiological evidence for the mechanisms underlying dis-
orders of consciousness.
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IR\ 23 9] i JE 5 S HC 41.MCS 2N A FRiELN T - (1) WRIEMEIT IR Bk 5 822 (Coma Recovery
Scale-Revised, CRS-R) -l #fii2 Ny MCS; (2) 44T 18~80 A %/ [X [A]; (3) i v EISRAE T 24 /NI P AAE
PR ()RR 8GN N (5) BFHF R AZBMERE . i~ (1) BE
B A7AE ™ B AP 2N KB AT VRO (AP R IR IR . BRI R) s (2) fAAEME Bt (3) A FILAtrs
PRI (4) BB ETCER & S EBUN B IEE S RE T () W ARE, W& mks (4 &
< 80 mmHg) =k & #(fil > 38.5°C). WEIUHANE], AT EH LU B HIAIT R . HC ANt © 4
i 18~80 % @ LME RS LFEBIRL: @ Tl fi. MABERT: @ Jomi oo i i i g
AL © B PBHE A RET . AR REZBER K5 — M8 BB Ae # 2% 72 # s (F
L4 5. PJ2020-17-11), HWF R AFEEAEAHCHR M S HE . i Sk 25 o HL a4 N 28 2 T A i 1R =
1.

2.2. ¥EITHR & %% & B & ¥l (Coma Recovery Scale-Revised, CRS-R)

SR, HP 4 AR B B TR CRS-R R Fot B # i (7 AUK T4 . %R %2 DOC %47
AP A A B T4 TR 5]
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F8. Fpl. Fp2), HM AR 10 404h. REEFR N 200 Hz, HEARPAHTIIFEHIE 5kQ LLR o i oo Eds ik 32
7 MATLAB 2013b 3455, ffiH EEGLAB 13.0b T HAETEM. 5K M IR 2Bk 50 Hz TAIT4E,
FHREAT 0.1~40 Hz 77 i@ IER . Bl ol i A7 57 70 B (ICA) IR 5 R R 50 S WL S D s oy o R th e
BT IS HESE, IREEEE150 uv KR BT DLGIER . 7E5¢ ORISR A 25 138 etk
AN K-2 8 BV 06t 4 oy 3% Th 2R VA (R %o o7 (10 i i b T PR AT IR AS T, 8 S 1l 0L 1 B 4% Ak
FEAN A SR 26 A N TR I R 28, I SRR AL R ROIR S FFAE R AT

24. G FERE

Fi A A )R SPSS23.0. K Shapiro-Wilk test i %4748 B HEAT IEASPERG I, 4516 /2 1E A1 U 4
FAMRSTAEAS t K50, AN R IEA NS HAESERR L . SRR TR0 Ly B B AR 2 5. sl
Z HE BT R | RER IS TSR ) 8, A 50K A Bonferroni X p TR IE. RHRARITELE
WIE 77 7 53 B (RM-ANCOVA) (Hilla R #: Al sl Rz HeRASEA), 15 MCS 4481 HC 4
FERPEEN (], A AN 55 5 = A i BIRCIRES S8 B2 R, DU AR E N 5. A #r T
HEAT Mauchly ERIEPERGEG, 5 ERIEPEANH 2, K Greenhouse-Geisser AR 1E; @ AR HGMNEE, K
FH Bonferroni AT S5 O LS B BEMKFHWE AN p<0.05. X CRS-R ¥4 LR MRS S
$AT T Spearman A%,

3. R
3.1 AOZEHER

AWFFRILGIN 28 6] MCS & (51 15 6], Lotk 13 H)F0 23 FIaEEEXHR (A 9 #1l, &t 14 f1).
MCS ZH ¥ 3 0% 5 (63.68 + 10.639) %, HC 40 [1)°F 351 4F- 6% (48.96 + 20.180) %7 o W 4L 7 A4 i bL TG Y 3%
Z 5 (p > 0.05, x2 = 1.057), fFEAFER % % 57 (p < 0.05,2=-2.822).
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3.2. WRKRETHER

BAVGF A CIRZAS R LRI (] L RS2 [ 78 75 22 3E1T T RM-ANCOVA, FEHET T 3 )5 o L, Fir
A 45 51557 1 Bonferroni HF1E, 455 KHL MCS 4F1 HC A2 [AIZEZMCRASSH LA B EMER, A
L 1A 1.

FRaEmta]: ROIR A SRA 40 5 148 HL RGN 5 2 (p = 0.047, df = 2.446, F = 2.933), 4151 Y 3= 44 A1 2508 (5
#(p <0.001, df = 1, F = 26.780). /5 LL R HAL/ERCIRA A (p < 0.001) &HCIRA B (p = 0.001) EEFH
BEER,

RAEANR . FCIRAS B 20 51 1632 B RN 55 3% (p = 0.049, df = 3, F = 2.689), £H il ) 2 4[] 25 B i 3
(p<0.001, df =1, F<0.001). /5 AL E/RMAERIRE B (p=0.001). ek C (p < 0.001) LHCRAS D
(p<0.001) FHA &% 5.

TR, WOIRSSEA A ) 1 28 BN 35 (p = 0.029, df = 3, F = 3.098), £H 5l fit) 5 42 [a] 253 A &
(p=0.309, df =1, F = 1.056). /5 LR AR A (p = 0.007) & HeRA D (p = 0.042) EEA &
7 5t

e
=
CRS-R 1P/ 5HUIRESEI M : CRS-R 0 5HUIRAS D RFLRT R (r = —0.493, p = 0.032). 1
R B IR AEME(r = 0.504, p = 0.024) UL R HCIRZAS B A7 75 % (r = 0.503, p = 0.032) . 4% .

Table 1. Microstate parameters in patients with minimally conscious state (MCS) and Healthy control (HC)

= 1 s/NEIRRSFERBRMRTSESH

MS A MS B MS C MS D

HC MCS HC MCS HC MCS HC MCS

FFLLIN ) 0.062 0.096 + 0.062 + 0.081 + 0.081 + 0.095 0.064 + 0.071 %
6] 0.005 0.005 0.004 0.004 0.006 0.006 0.003 0.003

RS 3.468 + 3.146 + 3.744 + 2.640 + 4.368 + 3.156 + 3.669 + 2.204 +

(/s) 0.218 0.195 0.223 0.200 0.196 0.176 0.239 0.214
Ve 0.209 + 0.309 + 0.230 + 0.220 + 0.334 0.309 + 0.228 + 0.163 +
(%) 0.025 0.022 0.022 0.020 0.028 0.025 0.022 0.020

HC: f##ExfH, MCS: H/hEJUIRES: MSA: R A; MSB: #URZ B; MSC: #UIRZES C; MSD: #UIRZS D.

*k *
o k% - * - . MCS
0.15 * 6 i Kk 0.5 i . =1 HO
Sy (|
< 0.10- 2 44 £ s
B = 0.34
= i Bt
= -
] iﬂ b 0.2
# 0.05 o 21 B
0.1
0.00-L N T T oL T : 0.0-
MS A Ms B Ms C MSs D ms A Ms B Ms C MS D Ms A Ms B Ms C MS D

MS A: UIRZE A; MSB: HIk#& B; MSC: #ik#& C; MSD: #UiR% D.

Figure 1. Differences in duration, occurrence, and coverage of microstates between the minimally conscious state and healthy
control groups (“p < 0.05, *p < 0.001)
1 s/NEIRRSHERX RARHRSIFENRE . SEMERBEFEMNESR(p <0.05 "p<0.001)
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4. g
ALK 7 MCS B HC 2 [l B e EeRAS 2 =, &I MCS B T HC

AAFAE R Z R A RORES SR, EERIUNCIRS R M BRI K RAESURBEAR AT, HAR
TCRAS A 2 I RS M0 78 f5 A4, $27R MCS (838 Rl R M &S sl K Zh S 1R 5 Dh R 1742

(SN
Ekj‘f‘l%o

IR AS RS2 [R] ST RN R A 203 s A8 2 i AR e 4RI K, R AR AT DU g B AR B 1] Py R 28 4tk
S IRE6], —HILFEARBLIRIINRE N M sh S RIERE . MUK, RIEsIEER, HeR
AAEZ MR A R DI, ITT B B B 5 0 B A0 55 B [7]. BATHBF TR, MCS AHeRES+E
SRR E KT HC 4. RASREZMCT HC A, X527 w7 AH—34[8]-[10]. X —45 KK MCS
SR B R AR 2 G SR U e ROR B 3 FBE, AR48 RIG MRS . HC UE N IR e A TE IR, K
ARG BN KT 5, #5 ThRE N2 (AN R SN 45 400 1002 1] o0 24 26 ) P B [R) 4% 66 58, i 46 e Ry
R, AR B R A E 3 B R PRI LE AN [ AROIR 25458 2 (A 1) e — — I o Ui D46 BE 5 SR ICIR S 1Y)
T S Y 4R T ) 4 0 (O 75 A B T3 B TS — P T REASE ), A5 753 B 7 B ] P FChR A 1R R B B8 S 35 1 o
ifi MCS 838 R R R/K T 32400, KINEEAR MG B /KT T Re, & D RE M2 8] (VI [F) PERE B AR, i 20E Bl d
PASEEAS [RIOR A A A ) PR i 4, T R IR ROIRAS RREE I R B . R ARSI PR, IX — HL A BRARRAE
5 MCS B IR B BUIRESAFRE « XF Ab il 5N 25 18] W HASTE B AT A E o 32 40 11] [12] .

AN R THCIR 25 2R 0T B K AN [R iR D RE MR 2835 317, TICIRAS A 32 B2 5 R Wi i [0 44 46 B il P Jg it im L 1)
REA 5<[13] [14], BOIRAS D ARF KR AT B PN FIAT 55 s s A 2, S8 H e B 24 A Jn e F
ST NG SR AL RS . AT ORI, MCS ACIRAS A RIFR S 6] J 7 o5 R 5.2 THE . ek
A D MRS RS2 R ERG, X R R B R MCS B KT e 45 R ARG
P 2 ARAZE PRI o SN T P 8 T S B Rk 5 7 ) R RRAE . HC 2L DRI S I 4 T i A, R TR 4Rk i
PR ASEI AT S R s B ACEE,  FLAII% ] W0 28 5 v E B 28 W [ T BB IE,  Re % R 5 BOE v O R 55 )
WERASHEA[15], 1 MCS LR RAZ 4, W75 X 2% i 72 Z0mL i BIACRE M PRGOS . A A hBE R A
T TR SO ek A D X RN TR [16]. iXFh AL D BRI ZER, HHE T MCS B KR
gl mIm g U E P FTE,  EI MR NSRS, T N 2 B 2 AR R I

AWFITIE KB MCS HRCIRZS B FREEm A B K. RAFUREZRK, BOIRE C KAESRHEE
BEAC, BRTCAMRR, HeRES B 5 RGN T I8 shifE % A0 G I M 435 2h A 5%, fieiRAS C Il 5 8k
B 2% ) SERITE S B VA O, BRI UM 462 KR B8 TR O IiseM 4, 5HERER, B
TCZENRITIREAH OC[13] [17]-[19]. ABFFAHHCIRA By C HISHRH, /" MCS B AMUAFLENT 5 0
TEEPONMEIThEE TR, AR FFSE N T 18R L F RS OMKIhREZ B, X NESHE
AW MCS 38 I D R4 A TSR AL T 0TI 7 1), ARAIE S oG Fi BRI AROTR 75 % S0 Y b A7 5 3 1 e A )
B,

5. [RBRM

KR FAAFAE— R IRE: 5E—, NPT, FEAREMEN, KX MCS B 15 K0 F 4
JZHT, WRRERMIMEIEZIR: B, (CRE T ZIAFHMNFHES EEG B, R&HE5S EEG kE
B E AR FARBATIS 73T, ToiE T B AR R TCRES S5 0T SN2 R 0 [X 5 A J% Th R R 2% G Ik » 28 =,
AHFFRALIN MCS B3, RMNHEIRE(VS) B . Rk, ikt MCS 5 VS B RCIR SRHESHT
XFEE AT, X PR T X R IR B A A b A B e ) A T A
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