Advances in Clinical Medicine IGRE 23 &, 2025, 15(12), 419-427 Hans X0
Published Online December 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123428

RERIREREE SRSIHE R TR
HIRR BT R

‘,.'.i)ill,Z, i‘]"‘i%l’z, i]]‘w&)rlll, " 4%1,2, ﬁi;‘ﬁ.&ll, &;L;‘ﬁ.gll*

VL REERER S MR A — BR B R R R A, HK
ZHRT A RRE RV E S SRS AR E, R

Weks HiA: 2025410428 H; FHHEBA: 2025411 H21H; KA HBA: 2025412 H2H

H E

=B BRI R 28 R AT R BB RIRIERS, 2RI RIET — ERM LR E FUR B R
B, TERSESHE S TAMEFERARBEH RN ARR . ALEEMTAE. HEEAK
% HeaAET ISR EEERERBENSESITNRFH AR, FRENET#ES. Bipf
PR B K AL IR R BR, AR RIRE B3 ST 77 RIRHERKENIRIRSE

XA
BHRIRER, SRS, TAMEEE

Research Advances in Multimodal
Assessment and Noninvasive
Neuromodulation for Prolonged
Disorders of Consciousness

Tianfeng Ye12, Yiwei Liul2, Sibei Liul2, Wei Tian'2, Yujia Zhang!2, Yuhan Kong12*
!Department of Rehabilitation Medicine, The First Affiliated Hospital of Chongging Medical University,
Chongqing

2Key Laboratory of Physical Medicine and Precision Rehabilitation of Chongging Municipal Health Commission,
Chongqing

Received: October 28, 2025; accepted: November 21, 2025; published: December 2, 2025

CHIERE

XES| R HRA, K, XU, WA, skird, fLises. 180 RS B 2 A VR M TS A A RS T AT
HERD). WRPRIE %348, 2025, 15(12): 419-427. DOI: 10.12677/acm.2025.15123428


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123428
https://doi.org/10.12677/acm.2025.15123428
https://www.hanspub.org/

MR S

Abstract

Persistent unresponsiveness lasting more than 28 days following severe brain injury may progress
to a prolonged disorder of consciousness. The clinical management of this condition remains a crit-
ical challenge requiring breakthroughs in the field of neurorehabilitation. In recent years, multi-
modal assessment and noninvasive neuromodulation techniques have emerged as key research fo-
cuses. This review aims to summarize multimodal assessment methods and noninvasive neuromod-
ulation treatment strategies for patients with disorders of consciousness, to provide theoretical
foundations and clinical references to enhance the efficacy and safety of diagnosis and treatment.
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1. 518

18 4 2 R %45 (prolonged Disorders of Consciousness, pDoC) e i /™ 5 fixi i {75 {8 &5 iR sz 2k it 28 K1)
RE, RABAT N FRILAT 20 NHLYDIR S (Vegetative State, VS)/TE 2 i i 254 i (Unresponsive Wakefulness
Syndrome, UWS). %7 4R Z5(Minimally Conscious State, MCS) [1]. 1% ABEM R AEAE) 2 1M FF AR Z
B, BRREIRRE, HAEAERDReREAT &It RE, SEURERAMK. BEER K, B—IMiTH
M A4 TH R Wi ThEE . H ATAT pDoC & A I RAT N PP R 12 F Ik 40% [2], Mt 5 &
FL A R R SRAS — B A AR HE . RSV 2 TR 2 B 18 1 R IR B B RS S PPN (e BT R0 ) B
FB, s, it mEiis Wi WoRERENTh R LTS T T HE S A AL
MREE . T EIRIERLE R, MERERARE N —ME I T A EBEMEREEMEERIT 7, feig
BT 1) B S SUHEA T AMEAT T, RO R TR MR T B3] ARYE 2150 pDoC & ik
THEWMFARBEN . FREEQERE, B A MEEE K LAMERERER. 56 ML EEH
RAEL, LIS EEREAREERARTTK. 2a2tm. BTk, X2 mAEwELr, &
EHAE pDoC R . ASCiTiE pDoC A VEAG I BOHTIESE, HERAETC A28 P42 I ST RS ¢
SHARAS TR, DA RSB AT 52 0 R UK R E AR R 2 pDoC = URAS K TS 1 it
R KA .

2. BESITE
2.1. IGERITAFE

I RAT R E R RN pDoC 17 APl % 0 o 11T Wit Bk ik 52 2% (Coma Recovery Scale-Revised, CRS-
R)J& VAl B RTINS IR “AndE” , 10 KA 5 IRE S MVE T2 @2 WrdEmi Itk [4], w4 LAk S
af45 B9 B 2% (Glasgow Outcome Scale Extended, GOS-E) i T K WIBE 15 [5]. 1 TAT A E R ITAG TR,
H AT BCR H 2 BT N 5 B 3R 1B B AR B2 = VP Al e e, 4 1 I S B 14 9743 & 3 (Full Outline of
Unresponsiveness, FOUR). &% 15 2 17 i 55 B¢ &2 3 K (Sensory Modality Assessment and Rehabilitation
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FRR, %

Technique, SMART) 1] {E 9%k 78 . Sanz £ [6]15 FH & 1R B A5 8¢ i & 5% (Disorder of Consciousness Feeling, DoC-
feeling) X} pDoC #EAT P4, XL THE 1 LK@ 3 44 4 N AL FVEAL SR UG m e v

2.2. MEHRE

1E HL T 567 I 2 8244 (Positron Emission Tomography-Computed Tomography, PET-CT)# H 1E T~ & 5F
PRFR A 100 X 35 ) M S I S AR KT, R AR S B {E (Standard Uptake Value, SUV) & &5k R4
JEIES, HX A EPPIRE S BN B RS I HER % 0] 1A 86% [7], HeH mBURE 557 E.

WEIEAR A% 7, R ELGK B %A% (Diffusion Tensor Imaging, DT)FFH 7K 435 & ) S 4 4 7 o 143 57 1o
gE, SRR KRR B IR AE L . D RRMERESL AR L8 (Functional Magnetic Resonance Imaging, fMRI)
W 3F I KRS 5, 53 S A T SR D0 285 () it I, 12 S R RN IR 2 IEAHE[8]; AT
% A8 IS I8 B (R AT W BR) B 18] = GG AR RAE D5 R W E ) oS R e i X [9], A “#d” B E
MR AR A G SR AN L #2 . DA BRI pDoC BARZKTAFHE 7 2 AT Al H 4k 22 45
BB

eI 40 46153 R (Functional Near-Infrared Spectroscopy, FNIRS) &3 T 24 IE 44 (8 M4 EAL 4%
AR, T LC A A I 20 2R A AR A, 3 e ) AR 20 A P R I £ R R B SR T T R AT
5 fMRI 25181, fNIRS 2T R M /K B 2 2o AR 5 MR 85 2 7 B AT RAF A5G E[10],
FLAE R ULIRZS H2 R 5 5% A% R AOAR I 7 T AR S st B B R . Si ZF[11] &80 TNIRS BEWS A 2L
[X 73 VSIUWS FII MCS, J& 3 1E N RSS2 0 H 5 53 R o Bty S 9 28 % 42 . Wang 25 [12]H fNIRS % 18
% pDoC VFAS Hxf 2 B (W AR G248 A5 ) -5 1 20y (e 49 4 ek 44 ) o) S8 ) i 1T 9 30 7 2 S R, I S
fNIRS A 3 3k W & S R 38 A A R A R A B R/K o Bk ENIRS 38 AT 1 % 70 iz 5h 40 5 B
% (Cognitive Motor Dissociation, CMD), X} 454 Jo 5 7 18 P 5 R AS 2 o ml Besr U B AT 55 R 300
IR [12] . BOHTH AN AT [E2E R H EEG-INIRS A3 BAR 5K XS pDoC B RBEAT Tl [13], AeE#
FRTE RN A SR AR S 0, R TIUE PSR .t T IS A 2 e, fNIRS ik
NG FAZEAR P E AN 78 TR . SR H AT AR X 2 U I Th RS AR A S A A 2, 7Rt —
IR NI 78 DA e RV 77

2.3. AT

2.3.1. REEAR

i i, € (Electroencephalogram, EEG) il i FELAK7E Sk f7 2 I 1C 5% KM B2 E M & o i sig 8l HA5 580
FKNZ R 0 (1~4Hz). 6(4~THz). o (8~12Hz). S (12~30 Hz)F y (>30 Hz). EEG &Ik & %% pDoC
ZWZW T R[5], # 5 EEG ik N ot s fE 5 MHRIE A9 K S B S, A A1 AR LV Bl R
AR R VUIRAS, AT B BUOIRES, BFFC B RER S EEG H AT (0 AN 0 A50H:) FI3E i 5 ATy
(o 5507 ) FR R D o R UK T I B B R AR [14] . TETINTIS 7T, A BESRAR I o A0S T35 B8 5 354 1)
TOUGAH G, 17 B 08 ipk S o P JB i 3 AR R R AN R UG o A Synek 732 € MEARHE DAL B 1R,
B G BATAE B A 25 5, LK Bk A 03 2 (0 1R ) AU PR A

5E B fivi L &l (Quaantitative EEG, qEEG) i i N s AU /3 4 EEG {55, E 253 A4« A 04
LM/ AN E AT, SRAEIIR R BE 1) s B VT AL, DASEASHED P A B 5 F2 L o AHAC T3 S EEG K
WAL, qEEG $RAL AT H A IR AEE, T R ZE, AT st 2 TR K T A T P o i A A0 i T
KA 5EtE . qEEG f8hR-5 B R N3 UIAE 52 [15] [16], JEBLH RAFMITINE, X475 qEEG 7R iR
T Q0T P S FH I S5 S0 B

I AE R 5 I R 45 A 0 28 1 G ) 0 FRL 1] 4 R (Transcranial Magnetic Stimulation Combined with
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Electroencephalography, TMS-EEG)it SE il #E #3875 A 1l reiG s [17], F 5] N$RBh 2 % 14 46 % (Perturba-
tional Complexity Index, PCI)¥4 %} MCS {12 ik 1 B E 2T+ 5 94.73% [18], TV A L& B IR AL I
RN T B

232 FREMEAR

7 R AL AR R GO AN I A ) AR B OB, 5 EEG d s H R IS SN, B R
iRy E MR E B ThRE M2, AN pDoC RS TS VAL 14 & - 75 2 Fhids i s v, SR AH DG LA (Event
Related Potentials, ERPs) FHAAITE S Ak, S 756 SR Ak Bl B AT DA IOID T 78 =k R 2R 1T 5% 1 1)
— Rk AR, Hsy P3 ALK HL )% (P300) . SRITHEC #1138 (Mismatch genative, MMN) ] 2 0 bR i B 2 1R
[5], ¥HH EEG HHKE#, A BRlE SR L IS8 Re L T4 J EEG. BRINAIAHOCHALAL, 1K
HLf ( Somatosensory Evoked Potentials, SEPs)7E 1iil J& 2 Wi 1 78 B B ZANME . SEPs A H/XUM N20 Y 7H 2%
XF pDoC A~ K T Y UM HE AR 56 08 100% [19], A& TG AN BB SEAR . i W1 3 155 & B4 (Brainstem
Auditory Evoked Potentials, BAEPs) i it HALL 7r ¢ &AM T Dy geARAs, T 7l pDoC =R ik &,
WA SOR A e 54T NP B G A R, T 3 — 20 5 s o A 1RV V3 S B ) 1 12 [20] o RRL 15 K LA
(Visual Evoked Potentials, VEPs)REW 2 Wi H. 7€ & H 15 40 5 8 6 1) S8 28 P, %8 CRS-R ML 1 B 3R 5 T
[21]. £F b %2835 K B AL R 58 0SS R P IR OB, AL T UL B AL T REVPAL T B, 7E
pDoC £ I = IRV AS AN T f Tl v B B AN

2.3.3. BESIHENLEY

1T RFERAAAEBORN MR G RIS E, DR HE S 2 ORI E R . R4
ERARBAER I BOARR G, BN INIRS REHG B @R ES R ) 2 5, HUL BB S 23
SRR R RDE BN 2 AR 28 F AR R T SR, 52 B UL O 52 A0 X S5 232 52, A ) qEEG
SERORSHE, (AT T E R, AREARYE —ERRRME, ZHEEHNETEE LREAR, wike—I7
BIRIR, $RAtE AT MMV R . H A R BRI N RR, HEEMERARREEA HHAR,
DAFE =12 W B S T v A 14 >R 48 5 DoC 89T o Bl T IR IRAFAE (W% . ). CRS-R. EEG Fif
a3 1) 22 A AS A Y PE O e o} JC QNP 2 PR 4% LA T FE S BEPE Y pDoC AR 3 J7 T /Rt R A7 R Tl &g, 3
HERfZEATIA 87.5% [22]. AHABHCIRE, BEHEAEZHMERIEHEARDWI. PET. fMRI. fNIRS)f 1)
ZR BV, B KINIITERS . S5 DResE 2 AR EHT @ A1[23], AT PR 5l i iR I 4% v
W IRERTT A5, ORI S s I E AL . [FIR Lin 25[24]13 T fMRI 5 EEG MIPPAE 45 5, F 0
WA S DR e 42 A% T I A, SR — P IRAIE T AR X 3R F rTMStDCS B 51 R 1997 B8 Ak . B X pDoC
A N FH 22 A5 35 VP A SR (I RAFE TS0 AE T WP IR R B, AR M T R S8 2 3 i B IG R 78, DAL
BN e HABH M 2 AL

3. ZOHEiIFE
3.1 BRAFER

3.1.1. L2fmERIEL(Transcranial Magnetic Stimulation, TMS)

TMS JES IS AR R T fZ XA PE S I N 28 8, B FE 2R MREE S 280k &, £X
pDoC JGI7 I T & (1 S AT 5t. RIS pDoC A8 3 e 0 X S 4%, a8 o e FH s 8 TMS, 1%
KA 1 %2 3T (M, FFELAAME SRR 7 1) 8 T4 . FERII X7 7, 2 28 Ml ofl
B (Repetitive TMS, rTMS) LK [A1 & PE 6 153 (Intermittent TBS, iTBS) A FHiEHE, LA rTMS BiH N
Iz IR, A rTMS (31 Hz) Al 885 52 2 % i bk, TR rTMS (<1 Hz) S B J23 8l 7= A= s 12
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F[25]. % FLE(RERST RO 22 A7 T R AP R I, 10 Hz rTMS 385 $0E B 4E N IRT7 77 %2 [26]. KT 2351
WE T, HEFERBOR A 80%~120% 5 SIs 2 RIME, Uikt % & 1000~3000 MR, HiZEH 5~6 X
I, Frs: 4~6 JH . 5 FH IO 55 60 5515 4 i 45 - (Dorsolateral Prefrontal Cortex, DLPFC). #1443 5 i
Jii (Primary Motor Cortex, M1) & 2R, F o 76 M DLPFC k28 H0ik 75 (¥ 1 e I X Sk AR = 12,
BEHTHAE AR B8P R IR R G (pDoC) B 2 BRI E IV ERE 21, Peng SE[27]) KBTI X rTMS A] 38 35 45
- - TRX N, o 5 B AL DI ZE, JFA R8s A - TR DhRedEs: . AR HE AL TMS JIliEZ 3L
Ej R v S MAAHE 5,y pDoC il 58 B i AU A IR T S

3.1.2. 2 EREBERE (Transcranial Direct Current Stimulation, tDCS)

tDCS A& —Fh 12 B F I R A 1 AR, 3@ — e 2 i B Al [ e g DXt i Ak 55 B 98 8 4 4 i
e, DU L BRAEMT L 2k S I RE & 2 bk . tDCS IS UM e N HI i 1~2
mA, BRI 20 0%, FEH LK, FRETREN 1 E 2 . W AR S ETE DLPFC, MR K /NG K2 2
Forp 220 DLPFC 2 A% 0o RIBGHAT, 1Z X S IS v] B s pU A - R B I ThRE 2, A& Yok I 2%
[ CHETT Ri[28], NECRZKF I SR BEE R AL S At o

TR 22 P ELI HL R (High-Definition tDCS, HD-tDCS)IT 43K B M B 52 S v () 22 W FE I R, R
4 x 1 IR REEFI B AL Go i), $RTH R SR TE, SRR T 00 AU 2 A B = () A5 B, AT ekt
PERZ T a5 . Han 8 A\ [291%f pDoC 7= DLPFC I s 1T 10 X BH#% HD-tDCS (2 mA, 20 min)J5, EEG 45%
K EF 0 MBBE RN, TR Dh23ail % BTy, EORE BRKFHe Tt BB UG A A A8l e
EIG NP5 BE A, 7R DO AR FE I 982 BRI I O] . HD-tDCS adid B AR 1 Ha 1 T SRR A
R g, IRHEThREMIZS B AL, v pDoC (7 TR K 52 HR A B v e 22 18 4 SRS

3.1.3. IEH#RZ KI#(Median Nerve Stimulation, MNS)

MNS SEITEEE AN IEE, 3R P RGN IS SR, (AR K A 2 4% . Wu 25
[30] ¥l pDoC fE#3 MNS RG22 MAT v B R UG E R . Feller Z5&% I MNS W] 4} PDoC
HFORE MRS IR, Inid 5 B ERE[31]. MNS RIFEIRYT pDoC JiTh ion 1 R AT F1 oy — Rk Bhia 7
(5%
3.1.4. ZEkE#Z B RIE(Transcutaneous Auricular Vagus Nerve Stimulation, taVNS)

taV/NS 38 5o 1 38 30 0 7 A 22 0 S A it PR 42 2R 0T Bl AT $E 1 B RKC o AT B AR [32] R B
taVNS A L2k pDOC 3 M VS 410 MCS, FHA3 R0 in fiiG sl &g 2 e Fi@ ek ohne . K
ILH taVNS 1] 35 2847 A 25 P00 AT N IRN[33],  #AEFE N BN R IR FBL .

3.15. BRARENLEY

pDoC fixi P 4% 32 45 /2 ., 54 S — A e 2 A I L, A 22 P Oe BT # B A B AT
22 B8 X RT3 W0E BB 22 ORI B P A i, AT IR BRIV B B3 B . Qiong A5 A [341IA A AR R G
AN E TEAN 7 R T AR B R A A, 0 rTMS 5 MINS I 0308 2 3% 240 pDoC Jlii
BTGB, Rk, ARREEFE SO TR B A F S B AR B A T B0k, @ik Hg e 1 U [ 2508 LA
WAL pDOC AR BRI T 24

3.2. FiHEAR

3.2.1. FL% A BRI
TR 25 20T % 8 PR ) B R AE 08 M R IR RS IR 9T I T R A R O E . A I HE R
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(Transcranial Alternating Current Stimulation, tACS)F FH 1 5% XUFH A It FERIIER i 48 oG, a8t s e o7 PR 9IR
Gi(E WA S RAL) RSB ZE T A, 3G G DX TA) (1 [F25 1 . Naro 55 [35] & B y % tACS R 2
VR RN 2 A BOERENE, FEoR T HAE R B 2 R SRR (7 7). 22 P B 7 I (Transcranial
Random Noise Stimulation, tRINS)2 X K Fii it /1 8 A1 A5 5 FH40 M 149 Bl ATL IR 75 F AR TR 4 K B2 2 BRI 48 T
WEE, 4Rk B i (Transcranial Pulse Current Stimulation, tPCS)E 4y tDCS fARERE R, it [ & I8
PRI B T B R M, X R AR T BE AR IR I R M SR AL T RN R T B . S TR
Hi, 3] 34 (Transcranial Temporal Interference Stimulation, tTIS)3E 3 5 i H AR it i = A4S i FEL 37 (1) 2 kHz 5
2.01 kHz), TERXIRMRAE XX A AR L L% (1] 10 Hz), ATt 1 VR S0 X e 22 15 50 [36], fE& R
WE T — P A T IFR. REL EHARRIMHAE pDoC Hia7 I RIATHE, (H2 4P
e A I FH 7 THIATS e 36 AT i3k — 22 )G PR 98 1IE SE2

3.2.2. {KIREBERA (Low-Intensity Focused Ultrasound, LIFU)

LIFU {88 FAE 3 R SR AR P AR SRR B, I8 P X TR 0 i X (e i) S 300, e A 88 4o 22 1428 [ 371
BB 2 6] 7 MR 5 RAF IR 2B 68 /7. Cain FIBASH] LIFU XF pDoC 72 il o sk B Jisi i 47 ) 30U
B CRS-R VWP B HETE, #4038t VS #9 MCS [38]. Ja 420t Ftidt— P E st R R e SO AT FF
S, FAZCE R b A S B X 0 0 432 52 9% 2 DIMISE[39] . LIFU 7E pDoC 477 sk R 3L
TR RIS,  ARREE A T IRANIR I HAE AL I R 80 S K22 4k

4. IR B A BBk B 3o 3R

FEXT pDoC IR B, 2 B2 VAt Ay BSORS vEE 2 i ) B LA, 17 B 22 R4 BRI g SRS
HEIRYT IR R ORR . FHT, BRSPS/ SEPRN AT th e 78 2 kil . —J5i, PET W& IWE 54k
PRRAELE, MR BEAS IR R =, BRI T 28/ 55— T3, qEEG. ERPs S5 it A BEAG Il
T B R ML N REAT T, AEE— 8 ENE, BSR4 M s i 2 WLV Ak R4
AE, B BT HUR TR Z AR N R SRR ) 7 KM o BE4h, pDoC BB A SR TE R %, Wit
AR R R AN, ZSRBE IR ROEZ W, Wt o B, SEOFMATRAR W, BEms T
AR ERPE S e B B0 BRI, UGRRERGHE . RBP4l AR, DL AR
BV AN R R AR S TR R . AR QI IRIG )T i, B A7 AT MR 2 7 B
. ORITBENAR G BAERORBOVE IR UL KB VI iR R A e B4 . R mRRITROR, AT 58
RO DAY bR SRR T RN, AT 7508 R RE X4 R T B A PR T iR B A N LS ) B
FREE . AT O M IR IR IR R E QIR RO A G2 TR, AR SR SRR U
v BB I R FEIRAE IR PR R, SR Z U A 5 B 22 BT ™ i AW 7E 7 DLt — IR IE R SO
5 RE

pDoC W25 R 7 A M 22 b M e AT B “ AU i HL PR A P A AT IR —, FLHER DR AL A1 2T
PO AR TAERE L. FHil pDoC Hi2YT KM IEZ D B — 25 ) 2 BB G R AR FEVFIG 2
I, FWEEATNF AR B2 S A B 2 Y E BT I, iR T 21, BRE A,
A1 A S BB 16 S MR ORI T o ARSRUS R IERE KFEA . 2 O i I RBT SRS iR T H A5 A
“lERE” ) “MPZRThREEE” BRTE, 2D ETt pDoC MR E S 5 R
E&UH

FHR TR R SRR £ 3 H (cstc2019jcyj-msxmX0339).
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