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A e X PRI A LR S AR 29 HiR T
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W E ZHEPMRMELM (central post-stroke pain, CPSP) & — M il 2 o J& Bk . BILE R EHH FAX
M AR E MG AR, VLE K. AR, AR ESmRYRE N FE R EREAN. CPSP W AR
MG MR T2WA, YWMEZALEFR M. PRGAUARE TR FEBRAFERER, H
HiE T BROHAFRWwAE., HFEK, CPSP LRAE Fde 25 4 167 #AE B R R . AR Et
CPSP I K& . L. KFmAH KA WiG T A Rt RS Myt TR, A ABR e R& I A Xt
KRG HAT N, HEEMR T ELZL AR . 2P0 E 7 R B. R0 s Rl sk, A8 R
WAL 0 St X E A HIETY, DAIR B G R E i Xt CPSP #ik 4o

KR FHERRMEHE, wAREEEOE, o EHWET; RRALE

Pathogenesis and nonpharmacological treatment of central post-stroke pain *

HE Lu-yu ", LI Wei-mei ', YANG Le-yi >’, WANG He-bo ****

(* School of Graduate, North China University of Science and Technology, Tangshan 063000, China; > School of
Graduate, Hebei Medical University, Shijiazhuang 050000, China; * Department of Neurology, Hebei General
Hospital, Shijiazhuang 050000, China; * Key Laboratory of Brain Networks and Cognitive Disorders, Hebei
Province, Shijiazhuang 050000, China)

Abstract Central post-stroke pain (CPSP), a central neuropathic pain syndrome, occurs after a cerebrovascular
accident and has a high rate of disability and death. CPSP is characterized by spontaneous pain, allodynia, hyper-
algesia and paraesthesia. The underlying mechanisms of CPSP have not been well understood. Current evidence
suggests that it is primarily attributed to the combined effects of central disinhibition theory, central sensitization,
and abnormal ion channel function. Unfortunately, the effect of drug treatment is not satisfactory. In recent years,
rapid progress has been made in the pathogenesis and nonpharmacological treatment of CPSP. This article
reviews the clinical manifestations, diagnosis, especially the pathogenesis and nonpharmacological treatment
of CPSP. In particular, the pathogenesis of CPSP is analyzed from the perspective of clinical manifestations of
the disease and related non-drug therapy such as repetitive transcranial magnetic stimulation, transcranial direct
electrical stimulation, deep brain simulation, spinal cord stimulation and brain-computer interface technology are
briefly summarized, in order to improve clinicians' understanding of CPSP.

Keywords central post-stroke pain; neuropathic pain; stroke; nonpharmacological treatment; pathogenesis

T 2255 BEE P (neuropathic pain, NP) & 45115 T BEAE PR LS A BE ARG AH O I L DRI 453493 AH S5 1
BB R AR R ST R BN, T Nk FROHXPE AR 2000 BRI, A0 22 AT R A DS
JE AR P pih 2 BEVE IR N PR R AL TR MR A g rRAX P (central post-stroke pain, CPSP)
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%, CPSP E MM A JG URE 2 —, & Fig B 1fn P Bl
HH I G 2 5 50 P R KRR B R G i (LR AE
BE. i D ZR2)JE I, 5HEA MR
PPN 5 B . i BT 1906 A 4 Déjerine Al
Roussy & Ky “ Wi Zx&AE” , Bl A& R EH
KRR RE, “ArpjEHiXvERdE” # iz N, B
F HEHE R X — . CPSP i A ANV I A 9K
ARSI BT AR, M E RN
RN TAE. A3 B, B IEAR T I PR 2 1) F A .
CPSP RIBHLEI M A& B, HArZEwinr AR
WM. BT ER, 2 80% [ CPSP Jk AN i& A 153
AT P Nk — BRI A CPSP A%,
I PRIEIR AT, X CPSP K IRALHIHEAT 4047 »
Fext HARZG IR T SOk e HE AT 4RIk

—. CPSP I PRAFIE

CPSP & — F 1% 1 3% 9 25 & 1iE, £ 45.8% 1)
CPSP i NTEA s 4F 3 4 H W2 b, A %om A
BEAIERP 1~6 )5 Pl CPSP ¥, (HA] AEfr4:
A, HERIMNAGEIE. CPSP /R IRIK
T FIRE SARAE T T — 82, AR AR
RZEFIRK, NIRRT 7 R P AT
i A SR, CPSP R E N 1.0%~12.0% ", A~
[ 5245, ARG A . 45 CPSP RIFAE#RS
PR R AT I 78 H BT AR AR B — S R

CPSP i N TR I A H R 175 R 1 9% 8 Ak
DR o PRIF A 5 3 A R B R G 52 X I
—3. HAWMRE 2 M, Wkere. iR &
BRI REEOKR R B R R, PRI AR
WEERRKIEE . #00 NEEE AR RRA . BT
AR R S R LB A B IS B e S R B, M
GBI s R, PN AR, AR
Wi, A A N H AR RE L VT R B R 5 5 S5 A 4
S ER IR A, 5 2 i R AR A AR FE SR B 5 1,

HH T CPSP fA7EIGIK i, HET ML —12
WrbsiE. HATZ KM Klit & DR i2wbat, %
FRtHE o3 A i bl AR A S RERR U o SR M AR v L 45
O H R A2 2 Ge o AR R L SR AR Sl ; @AFAE
o 2 g B, AR R B AR R S IR R @R ¥
JARIE SEH AR AP R G AE, s AR IS AR A
SXoF N 4D PR A 91 4k s O ek S AR s O HE R At i TR
PSR Chndss s 1 ol R B e 0 BE M), B
NHAR R AT REMEAR N . SO E RS O 5B,
RAEBFAD R IBA LG @F R EHRIRN
PR, o, AR, BRI, R DR AT
I Ot s FEYA 5L A A M A ml b [
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A i AR PP KR R G ) A R O
0 A o 3 R R i AR A A0 T 5 R R i el A B R
g, WA S HE K CPSP. CPSP I R IHHLEIGE %
Fif i, ALHG X LA AG HAX EE DA R S T
8 RS, (HRFEIAIN, HETZ AR
2L 25 P, i R 4k,
Fe i O AD S RTALR By S E . AT 2 510
TR, XGRS B S I CPSP. X
T R 220 B ORI R B, 22 eSS 1 B
H “Camh AR, B A B B0 5]
FELPE NP AT 5 EHE K FRE. FRE 1A
PREAEN )12 S5 SO A T ReREfG . (EAEN CPSP
B ILHI SRR, Fe R B ST 7T R A B
WG, FORPIE IR ] BEAFAEZ 5 o IRRSE i,
0 P9 R R R 4t RO ANE], CPSP I PRI
IRAARTE], FHBTER AN ] ReAEE 2 57 U,

1. BRI

H A i & CPSP i N W Im R R I, &Y
T A0 S ) R 30y R 8 E AL BRI R . A A
D2 PR A I ER A, MR NGRKPHE
TCIER R AEDRAR, B I 8] RS Th X 2 0 g K
AR ERVEAR AR, e R T B R 4 T B R VE ST
AT RE /& CPSP R IV ZERLE] ™. Kuan %5 P
K R M AZ [ 5 R IR RA 52 4k P2X B A [ 14%
2 F-IH1E 7 (purinergic receptor P2X, ligand-gated ion
channel 7, P2X7R) i34 = H 5 0 B /1N o 24
{23 T FIL4H A - 1P (interleukin-1p, TL-1B). i &
PERP G TR TS5 AR R R 3 A R,
TP R T A R TR, A G Ay M A
e R BRI R LRI AL B P9 4% ] (medial thalamus,
MT) K Hi 407 [5] B2 it (anterior cingulate cortex, ACC)
BRI L S ) R B R, B ACC-MT 18
HEEANEIE S, 5K RS AR AT AR
G T W RO A B R G RS IR R R, Ma %51
HENLR B E AR, R AT Z M B2 )5 (prelimbic
cortex, PL) WA 7ERF 3 11 S A R0 () A 42 O B
PL Mo E B A I 5 RR AR IEAH R, AT
RIEDR RS BRI o 1K LeRE 7 1 g B [ A e PR
2705 B KA A T W R R, M
TP E .

2. F RN

B T HRRAEYE E R, CPSP i N\ 21715 K 1
& BV 6 BB A (allodynia)/ i & (hyperalgesia), 1E
B AR T R RO R R, BRI R R
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JREA S BT, 7 B R CPSP e A H & AR TG
FEEIE N B o fE R T 45 3 P JERBE b 20 £ 4 X
e N0 S 36 I A A 1 R M R Atk B &
540 T 1 I 7 A B ) e i B AR B S S B AR
R, B rEm A et s, IR R I
JECE I 8 P, B B 1 Head A1 Holmes %5 #2 ! (1) &
MBI 2 BT Sxb g, H Ry s AR
THE P 22 FOAEE i PR 0 A A0 o o 22 36 B LB, I
I N AN AZ LA A, A oo e i AT, PR
WO ORI R E UN PR 2R B R A . Lu
2k W AE KRR S8 v & B M 4 57 4k P2X IR Ak 4%
FIEIE 4 % /K (purinergic receptor P2X, ligand-gated
ion channel 4, P2X4R) 415 A X 2= 30l £k 42 v K A
Z U N, R B AR IO A R R TCSE R
PEARAE, 1R . AN s,
BB MM S SR U K. Fang %
FEH LPEA R BB A R B, Bk B Tl 4 n VPL
P2 TUH R 25 LB LEE (histone deacetylases, HDACs)
Fik/KF, HDACs {220 55 1 H3 (histone H3, H3)
55 R 1 B8 SR R 2 (voltage-gated Potas-
sium Channel 1.2, Kv1.2) 46535 A #1742 8 08
T8 P K A % 51 2 (potassium voltage-gated channel
subfamily A member 2, KCNA2) J& 3l 7 X 11455,
M Kvl.2 IRk, g J5 M #% (ventral pos-
terolateral nucleus of thalamus, VPL) #4250 HiJE [ ]4%
PRETE LD, M T A I S, R LA
IR BE B3 N, HIUREE. MAERESS
HOAR SRR, RT3 S AR A e KRR A
CPSP Ry, S A% PR 7 fk K 7 C-X-C-F: o % 4k
4 (C-X-C chemokine receptor type 4, CXCR4). 4%
ZM Ak B 1 -1 (monocyte chemoattractant protein-1,
MCP-1) /KF-B &7, MCP-1 5#a{kR ¥ C-C
JGAZ MK 2 (C-C chemokine receptor 2, CCR2) 454
PR PRI i A 2R 5 N-H BE-D- RA 2R %
A& (N-methyl-D-aspartate receptor, NMDAR) {5 51%&
S, REMAETTRMME, KBRS ORI R S
EWE, PRONME JORE I8 A T A A SR TR
FERUR AR U Gritsch 25 U SR H/INR VPL 724+
JB2 J5R I P S I CPSP Y B 98 R B, AR5 2 R
AN BN 0 T PR -2 C ¥ TR A T\ S S R i, HL AT
#:12 Ko 14 KJa CPSP /I RAEARA) F 1% 18°C 14 Ml
PS4 B N 1) B2 /D T 7E 30°C A RIEOA B 45 B )
&), $&7% VPL BJERAN2% A] P AR 3 A MR35 1R 74 7
B RUR B. PA S v i YER R . A Ok CPSP i k1
PEIRIINLRI A E AR, AThRa AE BN S 56 o A o

* 279 -

3.

CPSP ) HAth 8600 7 8 A5 Ky Be g, R BA AL
YR IR Ve — TR B A B TR I, A A JK
W BS99 L I CPSP I A0 2605 9.9%, 2
58.8% LI A keI, bk CPSP i A4
P AR R A e R R AR RS R AL IR R,
BB JoR A2 A5 5 (s N2 70.6% e B RERAR B
By AR O i S v A 5 IR TN B BT, e
I P52 o A DA R 5 R R A % 30 S ) 4 2R A
TR ERE G ThRe e, WXt T8 35 1L 7 AR e dy gk 1),
Boivie 25 "7 %} 27 5] CPSP %55 A\ HK A4 8 3t 5 & 3 AT
T M, KB 85% T AAEIRE 0~ 50°CHiE [ W AF4E
RGPS, YR R DL R A, ]
EZ BRI SR W] Wi AR AL 2 A T P i
Ji#% (ventral posterior nucleus, VP). VP FZUS Pl .
. AT R T IE 3 B R IX
gk, ZEEK T EEROR, TN H I B B A
FARHLH) 1 72— 2P 5T

4. 15 445 0 P 7] 3L

WG R G 5l 5-32 Al (5-hydroxytrypt-
amine, 5-HT) 5 5% SR, FEES LA TEHE
K, HIBEARFERG . 59 AFE. #5 CPSP i
N FEBE S # OB D) Re 7 S S JFRE, JRrRe i
G RGBT K. Shi %5 U & itk CPSP K iR
R, N R E AT 37 S B VR £ RS, AR
LS. BRIV LS APEAGHIAR, BT R I
SIS AR R B ASE T H o DX TR BN R AR AT 3 BE R S R
A, R B S A S TR AR ) A SR i K e AN
IR BE K, $E7R CPSP K RAFTEAERE . HIAT.
IO 2 S BOE SRS 5 - 1o (hypoxia
inducible factor-1a, HIF-10)/#% 1 R 45 & 55 & 45 1)
I FE 32 A4 i EE 1 380AH 98 25 1 3 [nucleotide binding
oligomeric domain (NOD)-like receptor thermal protein
domain associated protein 3, NLRP3] {5 ‘5 iH 1, @il
I3 RIE RS LSRRI, R T n]
DA, AR I T R 5 R A A R BT A5 K X ek Ty
e, ‘FECCPSP KRAEE. MAT N E . CPSP 1
RIGHUHIMIAFAEIR 2 A B2 Ak, T H A B R 5 00 B
I R AR AL AR BE N R %

=. deZiiaIT

1. R AR ST

(1) EE LR (repetitive transcranial mag-
netic stimulation, rTMS): rTMS & — Fl & F 14 7 i
PEARR NPE L LRI, T8 7 A — e U
B R H il 58 A IR FeL 3%, AT S8 i 52 o
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%t CPSP A — &7 %k, Zhao % " K 10 Hz #i%,
80% &t 8IE 8 B {E (resting motor threshold, RMT) 3
FE rTMS RIS 448 3] K5 (primary motor cortex,
M), BH 1, 8 6 K. ¥6I7 3 FlJ5 rTMS 434
T4 2% VF 43 ¥ (numerical rating scale, NRS) 43 T
B 20.29%, 2 e 325 FOM BRALIK 0.49%: rTMS 41
o SRR R A8 MeGill &9 7 %45 (short-form McGill pain
questionnaire-2, SF-MPQ-2) ¥ 22.25%, 7N EAL
T2 A X R 1 3.02%, & B rTMS 1E 2% fiff CPSP
IR R R — e B . TE BRI+ Mohammad
PAZH0N 10 Hz, 80%~90% RMT X 755 %t ] M1
X HEAT rTMS Bl i, 3~5 K 1R, FLIEIT 5 IR,
PRSI ] 21 Ko AR 32 3 A H Al P Ak
A PE I K LA IR VA B 7.0 FE & 6.3, Hh ey
42.8% FEIRIRIE 18%~26%, P13 3 — & R FE 2% -
WITIEA BE N 13.8°C, AMMRMER 15.6CHE
5.6°C, HHEME LA 7.8°C, RS A B st B0
{H de Oliveira %5 " {52 I A K I CPSP % A Al A
rTMS 97 3k 28, KA 10 Hz 5%, 120% RMT 5
JEI *TMS XTI 37X 525t (premotor cortex, PMC)/Hif
A5 4MI 7 5 (dorsolateral prefrontal cortex, DLPFC)
HEAT R, 2 B IS AR PF 43 7% (visual ana-
logue scale, VAS) P77 #1403 BRI P 7] 45 D7) |
PUETTANAR % (Hamilton depression scale, HAMD)
W RSP, #2728 PMC/DLPFC 17 rTMS A fEZ%
fi#t CPSP )P Al AR FEEAIR . Liu %5 P2 Xt 6 T3kl
\ 288 f5il CPSP %% A rTMS ¥6 77 [ Bt AL HE R 56 3k
1T T EFE S, 452188 rTMS 7 H 8 ik CPSP
IR, ERRiEs). REW, SRS
RCT % % N/MFEA, HAT K CPSP i A rTMS il
WEAL, BREE . BRI RIB 3, MH &R,
RAEAR BN R 7T IE SE

(2) 2 E i LR (transcranial direct electri-
cal stimulation, tDCS): tDCS & i 7] K i i A 7 59
PIVE E B HLIAL, B PE RE e R X . AR T
BRI TR 2 o A e, 72 2 T T
R PLTT 2L 3 CPSP IR, JA AL 2% ™) 78 CPSP i A
N 25 Wa 7 Heak b, 62 B0m N M1 XL
1.4 mA VRSB ) BLEE A DCS VAT, B H 1R,
FRLIRRF 5220 73 B 4 ] )5 tDCS 4 VAS P70
B 3.96, F<IH S A R 96.08%, B T I
Y1 82.35%. DL EEMEAR 5T 51540 (Pittsburgh sleep
quality index, PSQI) V¥ T [ 6.61 7, & X2
7 4.28 73, KW DCS BORFERL ¥ T CPSP i A
(0P M A b A R 5 V5 30 5 . Baik 2 %Y %

| T T —6—
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F 2 mA 58FF tDCS %t CPSP %% A M1 X597, HH
20 P, R SR, RRgR2 . WmIT sk 1 S,
X tDCS 4 HEAT B 3743 H B 2 T f B P LR i R
(brief pain inventory, BPI) ¥4 38 HIAIT R 71 B
FIRIT JE 1 68.55; DL S HIAR & % (Beck depression
inventory, BDI) ¥J{H F#1IK 6.81 7 KR 5 4E{g e &=
% (Euro quality of life-5 dimensions, EQ5D) Hi 11.18
F% %2 10.55, UESE tDCS Xf CPSP & J. AR K A3
PR SGE KEER . (BFRERE— PR, LT
fif tDCS 7E CPSP H ¥ 7 2 Ak o 3¢ 30T XUHE 55 tDCS
NE AR B EH A o, B AR P
M1 K DLPFC [F]25 5l A B R R AR 34 AT T
T, RIS R L, XU A5 tDCS Xt
SR AN AR BRSSP A DA K
Ji R ME B A B AR, BT A AU DCS
W A E IRV BRI R, XU £ tDCS
(PR RO GT s VB E R B e 5 Tl i BT
B, DCS AR N4, A FINA IDCS K
PR B A I AT BRAEFE I R 1%, %% CPSP J& 9 =
A AR R, R R Tk — 2P R KR T B[R] AR 5T
tDCS KHARZ m fo A 250k B

2. AR

(1) B LI (deep brain simulation, DBS):
DBS & — T % WL R AN NRE 725, K o) ik e A B
FRE N H bR DXk, T8 48 ke kA= 2 1 1 0 S8
ik pF AR, AT 22 % CPSP R NIk P, Elias % ©7)
%t CPSP i \Ji A2 A 4T DBS ¥63797, 4051 F AR A0
ARJG4T NRS ¥4, K I 75% %5 AARJ5 NRS 15 #
BT IR HA R P = 50%, AR5 33 M H 41.6% A
AT AR R FEFEE = 50%, A DBS A K% CPSP
P $2 ALK 35 . Nowacki 25 ¥ 1F 5T £ CPSP i A
VP. i A #Ml#% 4] (central lateral thalamic nucleus,
CL) ZMHE N F£8, VP 4L LA 50 Hz 4113R , 200 us Mk 56
0.5~ 1.0 mA 5 J¥ 5% 130 Hz, 90 us, 0.7~ 1.5 mA
T3 CL 4bi 4 1000 Hz $i %, 90 ps fik i 96 7%,
2~4mA BEE. AR5 VAS W H5{E th 8.1 [ % 3.7,
12 4~ H I B T5 2400 A VAS W4 R = 50%. 37
4t DBS 2% N 25%~60%, {HEEAEHF 70 4 3L
KRN CGERRE S AMEE, SRERTFEES, A
Frm . ATREVERT F0IE B A Rk .

(2) 6 FE ¥ (spinal cord stimulation, SCS):
SCS FH X _EATFI T AT A% T8 2% 8] 7 3 5 S5 M1
SR, RESMER . —mZ o,
7E CPSP 975 N 3 fii ol 15 - PR Ak =2 S Ak 3 N 2%, DA
25~50 Hz #iZ, 210 ps ki o FERI 5~7 K. &
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JETE a8 PR A 4.7, FHordt 49% 5 N\ IR LF
7 NBE= 50%, 15% i N T 30%~49%, 36%
B < 30%, AR BE VT AR VRT3 T B 41.4%,
BT BT RCAEATS AT 28 SCS B &k CPSP i A
PEIRAERE Y. Aly 25 PYZEXEA M CPSP 99 A\ 304 5%
NOHEREN AR T2k, S8 BN 31 Hz Sil%, 210 ps
Jok e B, 1.5~3 VIRIE, EARE0h N 8 2%
R PR, {H 30% i AR5 VAS PF 73 FE K = 50%,
20% i N A J5 VAS PF 77 B 1K 30% ~49%, VAS V¥
A gt 8.0 NI E 6.0, PG E, R
SCS B0 A i M HMEVA PE CPSP [V ZE VAT T 2. {H
T HATZ R NMEAR B R, FHEZ 0.
RAE AT E P BE H L0 BB A 728 SCS X CPSP 197 2%
TR S RS S FE

3. idlEE A

Jidi#l#% 1 (brain-computer interface, BCI) /& — i
AR, WMk %, {50, EWESE
A T2 R 2 ARSI AT R
FERANARMEEAREZ ML, HitCgNHT
i 2 R N NN Th e K RIS B Th R I
19T PP Al-Taleb 2 B SR 42 o WX M 4 908 993 N i FEL
BIES . o EIL. BRAG. iREEdE, Ed
G2 RFE LA o BB, PRI O. B R, Ty
FRERVRIT 6.9 FlJE, 80% ZRE IR R, FTn
BCI A {8 N R M BT IR T T k. BB B 9T
HIAN T A J&, BCI Ben] A CPSP #& fEIR YT /7 2.

4. HAthinyy

BFEFERIT. BERIT. OHERITE,
FEF RIEN MR EIBITERIR AU Z A, X
NP BAH—@ s EH . BEIRITRZ NPT e
—, ZHATHBIZAYRIT . OEIET AT A
JTiE IR, MEARIT VRS, B NI IR AR
R, 2 5HARGTT 5 A R B,

PU. sk

CPSP X 5 A A= 3% i & 7= 28 S sg i, H Al
CPSP I AL v oA 52 A e B, AN 2 Rl
KEZ5TRBHRE. KE. FiRTrEEE, 7
(g A 2 K AR R S AT — E FR DA R AR R
Ay B—ITIEATREAN L DL R IR CR, XA
YEIT JCRL) CPSP i N, AEZ5 iR T W3 B AR
W BREIT R, KRR T HRTRET
CPSP AL B %3697 77 N H s & 5 B B I
PREEFCd RS0, AR MR TT RUCR IR A&
IR i

FBARFR: MHFRARAILA ZHF K,
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