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K1 BEREHEE
a : MagPro X100. b : Magstim Super Rapid?, ##z2 v :H a1

% { OPEBIEHC IR L TR i T %
rTMS St sd. ZHud, rTMS AH3SHAE
FEROBEREICT 2L 25 SR I3 L2
ALTwD, BUE, WHEIHW SN2 RIS
(2 1~20Hz FEEET D B A, — M AN AERAE )
B (1Hz PUT) RIS UCHIRE R L,
EHEERIE 5Hz D) AR EEICER T S
EENTWBY, BIE, BHEEEDAHT r TMS
OPBIBEFRDEPBE ST 5, T8
ENTEERE LTI, AHEERE (S—F
VIVRE, VAT, REERKR), b Ly
MEGRE, BEPGEE (GEBIEE, &8 R
22 MR, MM R LIE, £ R
1LIE, TADA, BlEE 7LV INS -8
RRAVEE, HUE, 9 0¥, TREE, MREMEE,
MARIE, HEWhE, SERERBAEEESET
BB, ZDHH, WIREDOK) OWITHT S
JERTBE AT O B B r TMS 1, 2008 412 K E
FDA I ENTWBY, 2o, mikEE)
FrEESR (2 R3 A HEsHIE (single pulse TMS :

sSTMS) &, RERIEETHR I TS,
2. EIRERIWHEE

fEH S B HEE, K& 5 TREER B
BEAKERBE A VOEh, a4 VP WHREHE
HoOBEEE, NEROEITIFTEr—va vy
AT AR ENRDH L. FLEF, KiE2012F0
IR S IR L Tw 51,

WA BEEAREICE, REBOI T
PREINTBY, TREWET S & THE S
NZRB 2 A VICEBETICERE (ZHW
250~4000 ¥, HAHWE © O DL H LAY A
60~100 #), B %K LBV R % 354k
S 5L, HIFMOAT R &, AR
DO RE MDD 5. T4 2 E D
F%E, BFEEnTwa2s, ARTEICHWSR
TW5 DI, Magstim ¥ — X (Magstim #t,
¥E) & MagPro vV —X (MagVenture #t,
TUR—=07) THY, 4FTDE L ORI
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THERINTE (B1). EERGEIITY
AP oL LTiE, HEERBHA X Magstim200?
(RTATF 4 L2042 TT), BRI
Magstim Rapid?/ Super Rapid?/Super Rapid?
Plus, MagPro Compact / R20 / R30 / R100 /
X100 7% E23% 5. LLRT ORI E 13 &% Bl
BENVHz BEF TTHo 7245, HED LM
FfElL 100Hz £ CHBETH Y, TOBEOHA
bEFoTETHS., EBEOEMEREILICED
V= FN— A2 NI SRR O B R EE
b, HAHERE, WIBHEE ZoTETWSE. £
DA, Magstim200? % 4 &EAS 72 4 EFH)
# (Quadro-pulse stimulation : QPS) H ¥ &
TADENTHRIN TS,

F# oA vicik, fENZd 0L LT, HE
IA N, SOEIAALN (FTNAALfN), ¥7
VWA=V A4 NG ERH L. oM, SECH
WEPARBHAIANVER LY Y2240, B
WEBHO/NS R 8DFaA N, BRTIET
VX LRI E BT T4 T ST TR
a4, IMRIFIE I A Vi &, k4 R FEED
BREINTWA, FHERYET LT[ IVOR
ERER LTV, HAOCEFTEATEE
IRERBE TR TE RS R A L) ITRES N
TWhA7D, EHEE - BEEE TR R R
THEBIE, aANVOEELAZI ) T4 AN
METHA. TN T 5720, G
EDOIAANVDBHEET S, BRI BA->Tw5
a4 VRAKER (MagPro), 22 (Magstim)
DAL NGREDRSH AN, TALNVEELLRY, B
DEILALICS K o2 DV BEEWIREDP 2D
ERBEDDAH. bhvbhid, wHEIBEESDOWT
WhWaA VEBRT AR, R ICRSE
Flzaf VIZKETTHHATHZ LT, 10~20
SOREIIFRT5Z R EBTETWS,
BRI R E L3 & A EORRKREETI,
ML BB L7z Ez1T ) 720, 8DFaAf )V
PERHINTWS. &k, L YEBZRANTE
IR ETY b o2 H a4V (Brain-
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sway ft, £ AT TV) EWIHRBRRIA VD
SN, 9O LTKRE FDA TR
TR TCwS. BE, HaA VEFERL A
BEREBEWNR L LBREBITTbATHWS
(B 1b).

FBEAMOE B2 a4 VEFEST HBICIE,
IR OB E & FIRR RS 2205
B A5 OHEE S, M1 @ motor hotspot (5
bEEZFRT AN »2o0HEELHEEL T
L NVERBMELZRD L. ZOFETIE, KO
BRHDOMBMANELZERTHZENTELRVY, F
Cr—varyvATaxHns e, fEasfw
DRLEAS) 7V F A 212 MRIE {12 FR &
N5 70, TG EEAND T4 N OFHEHIE
2%, X REHSERICIERE R E T ORI
BHREE LA HEATIE, EFLTMSHIFY
r—=va ¥y A7 e LT, Brainsight™
TMS navigation system (Rogue Research #t,
A % ), LOCALITE TMS navigator (LO-
CALITE GmbH#, F A4 ), Visor2 (Ad-
vanced Neuro Technology ¥, * 5 ¥ %)
ENTREINTWE, FoMliz, BEReBE
B"ROFETF =2 a VAT ABHEETB.

EBEORBUE, REa £ VW EE o
BEEDMHINDG Z L%\, AR,
R A v, BEXFEF—va VA7 4,
BEESLHEHROK T2 L& TMS ICHb L 3EH
R =D 07 LIV AT A SN CIGE
NTW5E, KIDOHKIIHTAIEHEEBEL LT
FDA CT# T % % F T \» % NeuroStar (Neu-
ronetics £, RE) dFE¥r—ra vy 2574
7%\ DD, motor hotspot 72 & il Bt £ 2R
LTHAIERMBEREFICIANETFTET LV AT
LMD o TWa., Z0OM, FEr—Tary
ATHAEBELT, IANVOFELEEZIT)
oRy PT—AbHAFBEEINTEY, HRDL SN
TWn 512)_
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3. BMEEEICXHT 5 rTMS OERKRHER

TR 0T B rTMS W, S ST o %)
> M1 % ) o & U - s s i (5Hz
PLE) 29 % 8T wh . AT
W9 B EMCS OFEEEA & r'TMS O fil ik 12
MIBHWENDL L H -7z, ML PAHZD
W, bbb ML, — RIS ET, SEE) R
W, Al B RO i L, M1 o Ao
¥ AU IR THE R AR S H o &
w72 o, dA RS UK ET,
A OFFERT B rTMS 28 [l B ) g 19)
B EBIThILTn 5.

2005 4EH 5 2014 AE L FC, KPR FEE A
MHERG BT, 173 SEBI OB PEEIR I r TMS %
Midr LC & 220 R, rPoov I A b R 5
102 FEBY,  Frahi R 15 0 PO 23 REB, bR |
PRS2 0 10 e 90, SIMENG 10 9E B0, FHE
Tl & o e e B (failed back surgery syn-
drome : FBSS) 8 HEM, A A b it 55k 2% i
6 EG], AR E RO 4 R, IR
PN 20000, WETATE B 2 5E B, E oAl 6
BITH o7z, TR ORREEAL 2 #ET L 7z R
Brooth, WWOREORE 247\, 1Hz O
BRI A {, 10Hz & 5Hz DAD Y x 23
Wl L TR RIS D B Z L AR L2,

Z D, 2005 4ED 5 2007 FEIZ DT TREK
SRR ARERE Y V5 =D IO T
2, H—7— L DRRBEHFZITo72. ZORER
UL, HEVA TR AR 30 EFICH LT,
5Hz-rTMS CHIBGEAL : M1, #1500 %) % it
1L, W05 CHRERBRIEONS Z
EDTRENTZT. HIOBWEETIE, BRWRR
RN TH Y, EMERRICISHE T 5B,
MR LUIEITT AUENDH DB LEZ LN

CDREREZITT, 2000 4EE X Y EAEHE
BREMEBRMBEOTELZITT, EH
rTMS OB & #E&MEEWFET 5720, EA

................................................................................

7 Wik CE MR LG AT o 72, BT A
YiE, CTHEBERAL Y T A — o3 — HEGR
B (RS > v 20 2 7 —2) T, ik
B EEP 70 FEB (RPN A TR B 56 E
B, FREERIG TR 7 W), LIIBOW 4 ER), K
FARE R 2 05, ey | PR Kk
WLAERD) sl L, 2HBICbAZY, §F
10y ¥ aros5HzrTMS (M1 i) %475
7o RERIE, 4k o Cochrane review T,
B ORI 10 B H P 8 HHE T, N4 7 A
DfEHEIMR W EHE S TB Y, HoBWR
R &R S T %Y, EEEMIEE TH
A VAS, FIKEHGHE H C & 5 5846 McGill %
JE M5 (SF-MPQ) OfFNTRS K h o, FI#
BT Y v AR CHE ISR & 2 B9
R ON TV D ZEPRENT, FIBEE
D VAS T 1L, AKRIHCTFI 651%, ¥ v
LARHTHIG 244% TH Y, KfGE > v 2%
WD VASICTHEDOAEN 10% L TH o 725w
V&, 61 E B 1298 ) (197%) T d - 7z,
SE-MPQ &, il # i £ 12 AW T F Y
1331%, ¥ AR CHFHTA9% KT LTw
7o (R2). SRR EREINZED
O, BRAHRIITRET, BN D222 BERhR
R oNLh ol BEDOUENZ2FHETH 5
Patient Global Impression of Change (PGIC)
b, T R O AR S v AFIBIT A
T TWHEWVIHIRERTH 7.

B, Ry 7)) OEMETIHMELH) 0
R, AR E ¥ v 2QCTERALNE
olz. BT ITN—THITE, AR
o leb DOFEEE (60 A, L ¥ Ak
IRZENTRE D IR CHOIRAI AR DR & WEIA A D -
7o, RBHIES, BERLEEHZEIRL, BHF
RFFOMTIROBEE, LONOEEIR, A
TEWEW) Z L3 heholz, WRIHEED
BHRRERE VI L E2EZ DL, BRNE
#Ibsb00, FRRIIEFEEL L, F
RERE AV % EMCS & Ffkic, 54
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T VAS i D E£95%Cl (%)

FRIE PR

—_
)]
T

-
(@]
T

;]
T

13 SF-MPQ i 5 +95%Cl
(%)

TR A

X2 EH-XREBFHBOERHHR Crk24 XV 51H)

a: HHMERD VAS BAR.

TIVRIEEZITWER Th o 72 BF ITHERE L T
rTMS 24To TW L OPFBEER L EBEbh b, F
7z, RO I —1 v SOEMFRIZ L HIEESA

K54 2 Cid, FIEBEENS5Hz & K<,
TSV ZHAT500 W & v iIEBEINLTE
D, LVEROBCHEEEORETVPLELE
o5,

BV 10T 5 ERAREABR1Z 2000 FEH & 1
EEMESINTEBY, AFT7TFITABNLD
P ENTVWEXLY, BRHIHBEOKE R AT
FUIRELT, W0I0FIEREINLEZLOD
YETHLE LT, 2014 4E 1T Cochrane review 7%
FHEEEISNTVWAEY. ZOHRILTIE Bhx
WaNR e LEBERLY v &0 RIEILEGGAER
30 (746 FER]) PEEE N TS, 1244
WATRER LB SR ER©, 18 A O At — N —
BB THY, £ IHREENEREY IS
&L, 9fFrIEMREEEERE (RERRE
BrEEESR, CRPS 18) ZxHE L Tw &
SIC10EBICh 2 REBFEOE s N
TWh., AL TADY X7 HBEnEERRER & X
FTFUYYABERT = BRITTHD I
#B <, 211 (G28IER)) ALY TFY A
AnbhTnad, ZOEE, KEERBIIZIE
A7 &, HE (single-dose) O 748 E M1 #

b : HIWE D SF-MPQ 5

BOXEEE (1:EBHPN) oBBERIRlD S
(standardized mean difference : SMD), -—
039; %% FEEKX M (CD, [-027, -051])
EWIHRRERTHY, 010 EDRELRABETH -
72 (A T7FYTARCHEWSNEHEE rTMS
DERABELZFR1ITRT). hik, ERED
5 x LD T T ERRREEE LTI WEE
LT, VASBAET73mm (95% CI 5~95
mm), VASEAET12% (95% CIL 8~15%)
%S5, REREER EABID RN LD
HY, TEF VAR AS, BTETEH]
B (—0470-148, 054]) REHEFE (multi-
ple-dose) (—0.07[—041, 026]) &, BEET
BREFEMICERERBRRBOR IR I Tn
W mRRS, AR (1EMDLE, 6 ARLIN)
(-023[-048, 003]), B (6:EELL)
(-012[-046, 021]) ZBEIEDMETFEH
RSN T Wiz, K4, Lefaucheur b 3 —
Ty NOEMFIY, rTMS DEREBEI A K54
> % [Clinical Neurophysiologys &2+ & L
TW3Y, ZOHT, MEEEREELSRE
L-EHEED MI-rTMS OBER£i1E, 5o
WX A ERBERNE OBEHEE rTMS & FH#
I, LRV ADOHERELEINLTWS, —/T,
A O MI-rTMS 3558537 <, M1 DAto
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1 —EBFICHT 5 EEE (TMS OE/EA(LIEERER
o o T W kvvay e

§ Ak SRR I DR : 1 1 T : _

e i&ﬂ‘”%ﬁ A O e i) S SR ¥ (ﬁ%&%%ﬁ]%)
gggﬁ‘iehe“r 18 W, 10Hz | 80% RMT | 1000 | 1 Y (39%IAH)
ggé?‘;‘me” R, A ilOHZE 80% RMT 1,000 L by (BT%IAR))
Rollnik CRERAVE, RMSYE, CRPS, ©, ‘g § § v
o 2 g 0Hz B0%RMT 800 1%L (% OlRiE)
Lefaucheur | 5 3 5 (Y (3T%AHRD,

s KM, AT . ; % : : :
oo 60|t L TR 10z 80% RMT 1000 1 V% o)
Pleger  CRPS 1M 10Hz ! 110% RMT | 120 | By 1% oK
e 10 {CRPS 11 0Hz; 0% RMT 120 01 by (21% <)
André-Obadia & o et e emern o L § ot
Yoo 12 WA RS, TRBOME 20Hz| 00% RMT 1600 1%L (L1%0KIEH)
Hirayama S T ‘M:; b anor Y (509% A,
oo 20 b, KM AR § 5H2 | 90% RMT 500 o 29t 0 )
ggéz‘”hem’ 22 WS, RANPE, FEROPE | 10HZ | 90% RMT 1200 . 1 (B (55%IAH)
1230‘35?“ 12 et 5Hz 115% RMT 500 | 10 &L
onard 30| ACHEN AT 10Hz | 80% RMT | 2000 | 10 &Y
Saitoh gy | 5HZ ; i "
o I3 IR TR RRE |0 00% RMT 500 L 1 b
André-Obadia B SRR RGN 20Hz! 909 E i B (13%0kE)
Yoo Y B L 20Hz! 90% RMT 1600 1 dY (3%0KE
ggég‘whe”r 46 AR, RASYE TEREYE | 10Hz 90% RMT | 1200 | 1 iHD (43%\H)
goaogg 1A 10Hz! 80% RMT | 1000 | 5 %L (4%
André-Obadia § 2» HOEBEPE oMb § § o E i § v 0 o
2011 P45 EZER, HEEYE, RANYE [20Hz: 90% RMT ;1600 1 &Y (10%DKRE)
Iz\gﬁ‘na 10 | BHENE (10Hz | 80% RMT | 1500 : 14 &9
Hosomi - - . 3 ; 5 ; iHY (20%E%D

] B M 909 : ; : ’
o 64 R, L R | SHz | 0% RMT | 500 | 10 o0 )
“MIga 4 MER. RMT : ZEEEh R E
OB EERI L - SR ED A T BRI BTNy 7Ty ARL R CEmfT o T
bNwe ENTW5D, iRk EERRE DA O Y/ %0
BN 26F L Cid, CRPS type I W E4HE bbb, BidoEBy, rTMS 2 £k
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MOMEST I IE, B BER, PR ST A rTMS

1348

BEZr rTMS 218 - Y AT ABDELEE 2, U

Pain Clinic Vol.35 No.10 (2014.10)



.................................................................................

I YVELEEBLOEZEELB LU T, 2
THWAZ LD TXLEBORELZIT>TX
7z. lmf@mmmﬁ B AR L LT
HAINE SN TV DY, BRERE LTOK
%@%ﬁ?%%.ﬁﬁ,%%%%k%%ﬁ%%
HDBHZ LT, EROBROBY THEHTRER
HEEE L TOMILZHEELTWS

4. (TMS ODEREM

rTMS DZE&HEIZONWTDOHTA FF 4 ~IiZ
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HA KI4 v ORELREREFINE, EED
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Abstract | Central poststroke pain (CPSP) is one of the most under-recognized consequences of stroke,
occurring in up to 10% of patients, and is also one of the most difficult to treat. The condition characteristically
develops after selective lesions to the spinothalamic system, most often to the ventral posterior thalamus.
Here, we suggest that CPSP is best characterized as a disorder of brain network reorganization, and that this
characterization offers insight into the inadequacy of most current pharmacological treatments. Accordingly,

we review the progress in identification of nonpharmacological treatments, which could ultimately lead to
mechanism-based therapeutics. Of the invasive neurostimulation treatments available, electrical motor cortex
stimulation seems to be superior to deep brain stimulation of the thalamus or brainstem, but enthusiasm for
clinical use of the procedure is limited by its invasiveness. The current preference is for noninvasive transcranial
magnetic stimulation, which, though effective, requires repeated application, causing logistical difficulties.
Although CPSP is often severe and remains difficult to treat, future characterization of the precise underlying
neurophysiological mechanisms, together with technological innovation, should allow new treatments to evolve.

Hosomi, K. et al. Nat. Rev. Neurol. 11, 290-299 (2015); published online 21 April 2015; doi:10.1038/nrneurol.2015.58

Introduction

“Le syndrome thalamique” was first described in 1906,
on the basis of clinical and pathological case studies of
patients who presented with pain that was accompanied
by cerebrovascular lesions in the posterolateral region
of the thalamus and the posterior limb of the internal
capsule.! This presentation is now known as central
poststroke pain (CPSP),>* and comprises chronic neuro-
pathic pain caused by cerebrovascular lesions of the
central somatosensory nervous system, as defined by
the International Association for the Study of Pain.* In
clinical practice, however, CPSP can be difficult to dis-
tinguish from other pain conditions that present after
stroke, such as hemiplegic shoulder pain, painful spasti-
city, tension headache, and other types of musculoskeletal
pain.? CPSP is, therefore, still an underappreciated
sequela of stroke that impairs quality of life, disrupts
rehabilitation, interferes with sleep and affects mood,
occasionally leading to suicide. Furthermore, the diffi-
culty of diagnosing CPSP means that many patients do
not receive adequate lreatment.

Treatment of CPSP remains challenging, and evidence-
based treatment options are scarce. Comprehensive
approaches that include medication, patient education,
cognitive behavioural therapy and/or other nonpharma-
cological treatments are required.”® Treatment of CPSP
frequently begins with medication, but the condi-
tion is typically pharmacoresistant, and inadequate
pain relief is often accompanied by adverse effects. For

Competing interests
K.H. and Y.S. have received support from Teijin Pharma.
B.S. declares no competing interests.

this reason, nonpharmacological approaches, such as
neurostimulation therapies, have been developed.

In this Review, we consider CPSP as a brain network
reorganization disorder and assess the implications of
this model for treatment of the condition, focusing on
nonpharmacological treatments and the progress in
their development. We first review the clinical features
of CPSP and discuss how they inform current ideas
about the condition, and we suggest that a progressive
mechanism leads to pathogenetic network reorganiza-
tion. After briefly considering the efficacy of pharma-
cological treatments, we review the evidence supporting
the use of technological treatments to target specific
network nodes and induce pain relief. We focus on
four such approaches: deep brain stimulation (DBS),
electrical motor cortex stimulation (EMCS), repetitive
transcranial magnetic stimulation (rTMS), and spinal
cord stimulation (SCS). We argue that advances in our
understanding of the pathogenesis of CPSP, combined
with technological innovation, offer hope for successful
mechanism-based approaches to what remains a difficult
clinical problem.

Characteristics of CPSP

Epidemiology

The reported prevalence of CPSP among patients with
stroke ranges from 1% to 12%.5'® The condition can
result from any lesion of the somatosensory pathway—
but particularly those of the spinothalamocortical sensory
pathway (including the thalamus, lenticulocapsular
region, cerebral cortex, pons, and medulla)'”?—after
ischaemic or haemorrhagic stroke.®!>15202!
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Key points

Central poststroke pain (CPSP) is an under-recognized and severe
complication of stroke, and remains extremely difficult to treat by conventional
pharmacological means

Pathophysiologically, CPSP might be best understood as a network
reorganization disorder that leads to a maladaptive central state in which
selective disruption of spinothalamic sensory pathways is a key feature

The network reorganization hypothesis offers insight into nonpharmacological
treatments for CPSP—such as neurostimulation—that target specific

network nodes

Of the invasive neuromodulatory strategies, electrical motor cortex stimulation
is the most efficient, but the benefits must be carefully balanced against the
risks of invasive treatments

Noninvasive repetitive transcranial magnetic stimulation of the motor cortex
is currently the preferred treatment approach, but must be applied repeatedly
to maintain its effect

A greater understanding of the pathophysiology of CPSP, together with
technological innovation, could lead to safer, more-practical and more-efficient
treatments

The prevalence of CPSP is high among patients with
lateral medullary infarction (Wallenberg syndrome;
25%)* or a lesion in the ventroposterior nucleus of the
thalamus (18%).>* The ventroposterior nucleus is a key
sensory relay point at which the spinothalamic tract is
known to terminate,* and is considered critical to the
development of CPSP>**** Two volumetric MRI studies
suggest that the posterior and inferior regions of the
ventroposterior nucleus are associated with the develop-
ment of CPSP.**?° The posterior ventral medial nucleus
(VMpo) is also a proposed relay point for thermosensory
and nociceptive fibres, and sends projections to the
dorsal posterior insular cortex.” However, involvement
of this nucleus in CPSP is still under debate.

Other lesions of the sensory pathways can cause CPSP.
For example, one study presented a series of 20 patients
who developed CPSP after lenticulocapsular haemor-
rhage that involved the posterior limb of the inter-
nal capsule, indicating involvement of the ascending
thalamocortical sensory tracts.”'

Importantly, CPSP has also been observed in associ-
ation with cortical lesions. For example, patients with
lesions in the posterior insula and inner parietal opercu-
lum (secondary somatosensory cortex) have presented
with pure thermoalgesic sensory loss.”” By contrast,
lesions of the postcentral gyrus (primary somatosensory
cortex) have been related to dominant impairment of posi-
tion sense but not of thermoalgesic sensation, and have
not been related to CPSP.** Furthermore, whether corti-
cal and thalamic lesions cause CPSP through a common
pathogenetic mechanism is difficult to ascertain.

Clinical characteristics

CPSP can emerge at any time from immediately after
stroke to several years later, but typically manifests several
months after the initial event.*" The clinical symptoms are
similar to those of other types of central and peripheral
neuropathic pain, and are often lifelong.? Pain is felt in
the area that is affected by sensory abnormalities, which
corresponds topographically to the brain region affected
by stroke;'” this observation is an important criterion for
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diagnosis of CPSP.** The affected area can range from half
of the body to restricted regions, often distal parts of the
limbs.” Lateral medullary lesions can cause pain in the ipsi-
lateral face and contralateral body or limbs.?? Hemibody
pain has frequently been reported in patients with tha-
lamic lesions,”?* whereas leg pain is most prominent in
those with lenticulocapsular lesions.”

Most patients with CPSP experience continuous
pain—often described as burning, aching, pricking,
freezing, squeezing and/or throbbing—and tingling
and/or numbness; some patients experience spontan-
eous, intermittent pain that they describe as lacerating or
shooting.®!*?0223! These symptoms often fluctuate with
factors such as temperature, psychological stress, fatigue
and body movement.*"** Allodynia has been reported in
45-56% of patients with CPSP,*'*!* and other frequently
reported sensory abnormalities are dysaesthesia, hyper-
algesia, and paraesthesia.”'”?%?* Almost all patients
present with thermoceptive and/or nociceptive sensory
abnormalities, and approximately 50% present with
somatic sensory abnormalities that affect sensations such
as touch and vibration.®!71%%

Mechanisms

Physiological pain

The mechanisms that produce pain as a result of central
brain lesions are poorly understood, largely because
our understanding of the basic central mechanisms of
physiological pain is incomplete. This problem stems
from two key facts. First, multiple ascending pathways
transmit nociceptive (and thermoceptive) sensory infor-
mation to the brain. Second, no single ‘pain cortex’ exists;
instead, multiple cortical regions are involved in pain
perception, with each presumably involved in distinct
aspects of pain processing, as well as in multiple cogni-
tive processes. A classic psychological characterization
of the multiple dimensions of pain (sensory, emotional
and cognitive) originally yielded a parallel process-
ing neural model,*® which proposed that the different
dimensions were processed in largely independent cor-
tical streams.’” However, this model has given way to a
network model of pain, in which multilevel, brain-wide
interactions between subcortical and cortical processing
hubs produce the sensation of pain.***

Putative mechanisms of CPSP

In the context of an integrated, brain-wide model of pain,
consistent clinical features of CPSP provide important
clues about its pathogenesis. From an anatomical perspec-
tive, CPSP is typically associated with lesions at various
points in the lateral spinothalamic tract, which transmits
pain and temperature signals. Dorsal column pathways,
which transmit somatic sensory signals, are concomi-
tantly spared (Figure 1). As a result, the emergent pain
is relatively localized to areas in which sensation is lost
or disrupted. A combination of reduced and exaggerated
sensory symptoms is often observed; thermal sensation
is more frequently involved than somatic sensation, and
the most characteristic symptom is cold hypersensitivity.
This presentation strongly suggests that an imbalance of
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Figure 1 | Lesjon sites associated with central poststroke
pain. The spinothalamic tract (red) ascends from the
dorsal horns of the spinal cord through the medulla and
brainstem (pons) to the thalamus and cortex. In addition
to spinal cord lesions, lesions at several other sites,
particularly those caused by pontine, medullary, thalamic
and cortical strokes, can lead to central poststroke pain.
The somatic sensory system (dorsal columns; blue) are
typically spared in central poststroke pain.

the interactions between different sensory pathways—in
particular, thermal and pain pathways—contributes to
the pathogenesis of CPSP. Pain can result from lesions
at various sites in the spinothalamic tract and its projec-
tions, producing similar, but not necessarily identical,
clinical phenotypes.!**# This observation is relevant to
the mechanism of pain, as the physiological functions of
each point along the interconnected pathways is distinct,
yet lesions cause very similar symptoms.

One candidate integrative mechanism for the patho-
genesis of CPSP is an inhibitory interaction between
pathways that transmit sensory signals of cold and pain.

According to the influential disinhibition hypothesis,***
lesions of spinothalamic pathways that normally trans-
mit cold signals release the physiological inhibition of
spinothalamic pathways that transmit pain signals and
project to the cortex, causing a characteristic burning
pain similar to that experienced in the thermal grill illu-
sion (an experimental model in which pain is induced by
a grill plate of alternating warm and cold bars).* The
proposed anatomical basis for this disinhibition involves a
medial spinothalamic pathway that transmits temperature
and pain signals and projects to the VMpo and then to the
anterior cingulate cortex and insular cortex. However,
the involvement of the VMpo in CPSP is still unclear, as
some studies suggest that lesions restricted to the ventro-
caudal thalamus in classic sensory pathways are sufficient
to cause CPSP¥

CPSP as a network reorganization disorder

One important complexity of CPSP is the combination of
two distinct aspects of pain: stimulus-evoked acute pain
(hyperaesthesia and allodynia), and spontaneous chronic
pain.® Both types of pain frequently develop after a con-
siderable period of time following a stroke rather than
immediately, suggesting that the pathophysiology is not an
immediate release phenomenon but a progressive, adap-
tive mechanism that involves plasticity and reorganization
of a pain network.

Several lines of evidence are in keeping with this sug-
gested progressive mechanism. First, studies of rats and
humans have shown an increase in baseline excitability
and abnormal burst firing of thalamic (ventral posterior
lateral nucleus) neurons alongside the development of
chronic pain in the days after a lesion occurs.**° Second,
functional imaging studies in humans have shown
that activity in a broad network of brain regions differs
between individuals with and without central pain, both
in the resting state and in response to evoked pain.*%-%
These results suggest that an adaptive process induces a
spontaneous dysrhythmic or hyperexcitable pattern of
neural activity that causes chronic pain, possibly driven
by the thalamus. Third, after the development of CPSP,
structural changes occur in multiple brain regions, includ-
ing a distinct pattern of morphometric change in grey
matter in temporal, parietal and frontal lobes.* Last, some
reports show that CPSP can be resolved by additional
lesions, most notably those in the ipsilateral or contra-
lateral parietal cortex.*>® We suggest that, taken together,
these observations indicate a model of CPSP as a complex
process of network reorganization rather than a simple
process of focal disinhibition or hyperexcitability.

The difficulty with any theory of adaptive corti-
cal reorganization is to determine which aspects of the
reorganization generate pain, which are downstream
sequelae of pain, and which relate to other manifestations
of the central lesion. Studies of other chronic pain dis-
orders have applied theoretical network-level approaches
to human functional imaging data so as to identify rel-
evant components of brain networks,”** but this approach
has not yet been applied to CPSP. Ultimately, network-
level models must incorporate several aspects: the baseline
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