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1) BOREBRIBEEDFH

SERLIN A VLN BN & o THIZSH & 1%
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T DR LB OME, MRk 2
MO Rk EOBBE S ), BlETIk
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Il o7,
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WK Ve OB 2 W24 5. &k, RIS
WURE & 7o - MHRAFEME % b &, MRI
Wi (% 1- 12 Schaltenbrand & Wahren atlas % &
RTERTHIEDWMETH Y, EHOMED
A O EBO MM 5% H S U DR
THI LR oo

JHFEN D 2R A 7 & ONZHE O F I &
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DEEBERFIISE T S5 =2 — 0 U HPEEHS
Na. T, BEHZELZBERIEET 2 LK
R ORIEMBICH T2 =2 — 1 ViEB»sED
FrRS, BN X o TERRE ML By 722
paresthesia Z#F5% T A2 L AT E BHW,

TSN E L 26 A Fhoz v 2 8o
W ERER I B A IFA L, 4 20WEEH, 5K
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Ve 2D LRI 20 6 % T RIS TG %
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PHATEYENT (central pain) ) ERT 3 & 2 243D IR 12 R T 2 90T
T, WA, Wallenberg hitfefit,  TRifii i 20 70 & 23 (CLM E L THRIF LN 5.
WA DO & LT, hypoaesthesia (MIUE S8 BRI D WA 5, dysacsth-
esia (P70 BEH AL % (- 729800), allodyma Ui FE e W e e itk » T
AIES BTN T 6 UM hyperpatia GRgIBOC & > THETES by 7 ¥ %
TEHZEDTHETH B

AL R L% mUHJiffiuM (= 2 — o A GG T BT 5 2 2, A
W P PRl N T = 2 —a » o @ EE ) % 3l sk L 72 Loeser &9 (1%7 ) D
P, Ol S0, =Rt bs, SR, KIEHPTRRERZe ¥ 2 S i THER & LT
553,

VT IWIE7Ze & & @ £ s central pain DWEWEF §F & DT A 72120, SRRy
dHD AT T 549, b b i visual analogue scale (VAS) T D E1I % 47 1,
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FOERORY 22, 7203808 LA w2 60T A EXTE S,
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F—="7—F npinal cord injury, Spinal cord stimulation, Dual-lead stimulation, Deep brain

stimulation, DREY lesion

Treatment of Intractable Pain Caused by Spinal Cord Injury

Takamitsu Yamamoto and Chikashi Fukaya (Division of Applied System Newuroscience, Department of
Advanced Medical Science, Nihon University School of Medicine)

Yoichi Katayama (Departiment of Neurological Surgery, Nihon University School of Medicine)

ERpRARE:  [ERRSIETUS] (2009-3) 413

— 254 —




FHRIBRONEEEERBO AR
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FOTAMT B2HHETVAS IKTFLAWERILEEL, DL ZREBITIZE L
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1 FhatERICNT DEESAVFHED A

ENEATA ML, SHMBTHEEN A %2 3mg, A5 15me £ THIRNES
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ﬁﬂMM&ﬁfi 69% DIEGITHE PR & %2 b hiA &2 BTEL, T bni1/3
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@t%%#%%%AMT% LWL w#&omfu,y<®ﬂwﬁmiofm&f&
FEADHRE SN T W B, ¥ 5 5 ) spinothalamic tract DS #5E O Fa 1 i
THDHIEF—L T35,

TRl tL o & LTid, Musculoskeletal pain, Visceral pain, fHEGAL L D
b LA L~V neuropathic pain, L L~V @ neuropathic pain, TG &
D LM neuropathic pain 124574 S 4, Musculoskeletal pain (3, 4, ¥4,
N flu";H‘SZ, B O IC & - THIELY 5 {74k ) instability 25 HEA &2 5, 2D
£ 9 PN U TP HERSIZE 2 5 TMIS A B 4 F X2 NSAID 7 ¥ o ik o 1% 5
7J“"ﬁ 'x‘}J Ch b, T % o Visceral painid, WIsIEY, 4 v X, Beimn Y

1229 nociceptive  pain & DEENBWIZZR Y TH 505, PWIEO MsiadE it S
neuropathic pain & DFEMASEL v, 07 & D b 479 neuropathic pain T3,
wmﬂwr@mmlmmsm&mm,imwﬁ@mm ' ¥12 & 5 neurophatic pain ¢
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""" AR D T B0, BRI AR T E 2 R R
W ENZ N, Bolt, Spooner &' 3 TRIIEL 1% XS I X L“CT{UW) cingulum
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EYT B EITMRZT, R L T RO motor twitch #5763 3 & & 252
MGG DL EDMBIZ LB LD EHZ LN B,

Low-dose 79 = 3@k

Kvarnstrom &' {3 10 @ 59 neuropathic pain 24244 32 0.4
mg/kg e LY Fa 4 v 2.5mg/ke & 40 LT L, 752 iREE D
g2 r 72, Mz X > T VAS #°509% VI B Lssid, #4320 5/10, Y
FAA4 T/, 77 REETIE0/10 THo7. Eide 50034 4 3 o by filiHi45
%o continuous pain & evoked pain #ilF 2 = & ## LT3, £/, Siddal
52" {3 morphine & clonidine DHENEPIE G2 & T, 1561 7 WIT50% LI F ok
AR N2 2 L 2 M LT3, b IUb AU IFIIISaE 2 WidT L 75 p o
T DRGSO R R T A, 61Ty S F Ly YFRMC
& » T ketamine-sensitive ZJEBI 2 #INT 2 5 2 &2 6, low-dose 7 & 3 > i
FEWITLTw 2 (R@).

| . &8 100 mL+ketamine 20 mg (0.33 mg/kg)
| BER AT T drip infusion, 23812 1 B (Sh3EMR)
2. BEY70F = (Ludiomil®) 30 mg/day
70w/ L (Lexotan®) 3~6 mg/day
I8N F > (Gabapen®) 600~1,200 mg/day

3. EAE/NMER (MS-Contin®) 30 mg/day
H@ Low-dose ketamine £i@HE (B ARKZRHEEAED
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FZw7F v YT R b T ketamine-sensitive Z5EFIC K LT, 100 mL D4EE
1220mg Dy ¥ 7 —01%® (0.33mg/kg) 2Z, H1IEE2ITTEET L. @E
2B IR TRBERE 21T, FRERER 725 = (Ludiomil®) 30
mg/day, 7 1 < ¥ %4 (Lexotan®) 6 mg/day, # /¥~ ¥ F » (Gabapen®)
600~1,200 mg/day ##% 5% %, F 72, morphine-sensitive THEO A Y¥F 4 F 2 %
& LREGNSIE MS 2 > F @30 mg/day #7553 5.

INFTITy S I ooilE s LTHERSNEHEE, 75 3 v 1~2mg/kg & i
F, HDHWIF5~10mg/kg #HET 2 HEKME, Bl LTI TS, —
¥, 73 AL, 72 3 0.3mg/kg ® 100 mL oAERIINZ, 1 IEER
TR T HHELETH L, 75 I o oiEiiP T IEMHRE TRHEDIREE M2 L
TR Z & ISP B 2 R T 2 2 LT E L, F 7z, HEREEEEER T,
C DIREDIH I T L AR 2115 2 8T E 5,

Post-stroke pain TOMF?Y TlE, 7 & 3 2 AR &2 8 s

FrbRENIE 1 ~ 6 BRINILIA A b 2 <, 24 BRLIADS 779 TH - 7255, 24 WL L
T 5 b b 23% A7 L7z, RIEGc L 57 8 3 ViEDAT T D W T o it
Tid, 20mg T L2260, 64 8 %3 20mg 2919 (4, 21~30 mg 2% 5 {4,
10~19 mg A¥ 2 BT, EAERD L) B EIZRD L -7z, 78 S DRI E - T
i DAL E B SAEGIHELE L7zns, febiit7e 6 it 5 M@M%Kisf
Iy b= T H -7, Low-dose ketamine ,';;"‘(Ia'il')’*”(f’C“ s WU FE I
HSFEDREH T b — PN A IR 2 2 E DO AN T T H Y, itk - T
R 720 72 56 ’Z’f FHALD E ’Tili’f/ﬂ/?“jx‘ﬂ F 72, central sensitization®??® o fiffx

SHHATHDEHEZ LN TS, IS LT, bl 23, Aaesl, MTA»A
HEIMT2AE, RIBTOHHITEE Ze o 7278 F 42ld, PR & o Mfed:
T 3 /W ek IS AT S HTBY, 77 3 MU L WS
L. 2647, ZIFETOFMMEBYELETIZEN O 2 » b e — Vo WET & - 72 Post-
stroke pain 7Z: ¥ OFEEETEESNC 0 LT L BiG: & low-dose ketamine /%
HHEEDO PN AR TGRS T B, 6D idinr b, iz flif T & 73‘ =72
Dual-lead SCS #47\», low-dose ketamine sUlHEi 2N 5 2 &A%, EHidNE;
BRI TH b EH L 6N 5,

DREZ lesion

DREZ lesion iF, BHEHE LV NNVICHEIET 5 T~ b — 20 —8 L 255 H 2
Tdh 55, AT O neuropathic pain I8 34T A+50TH 2 LiE S R
Twab,

COHEE, REOMRERFIEIN TR, —Kk=2— v o & - THl%
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BOZREG =2 — 0 COORBAEDIRIE L - T b &% 2, Bk ADBEMMENR
AR 2 m BIEEENC & > THUE T 2 FMTH 5, BN 577 o —F L,
A ORI IC—E§ 5 EALICEH A 250 mm D BHRE 2 mm DES F THIA
L, EREERZBE L THEHR 1~2mm OBEE R 20 /El+ 2, 1979 412
Nashold 629 12 & » THig I iz,

— 7%, Sindouw™ (F#ARM A H T A A, CHrAE PI{ 2 K v» lemniscal
fiber, % @ #iZ myotatic (ﬁ??’f']'PE) fiber WAL T 5 DT, HARMEAE THIRZ
FBHETT, 20U STEREAIEIC 45° DML T 1~2mm ) D AL T T, I‘J'Ji
TERER ML 215 2 B REEMMER 4% U CHIBEWHE 2 8RR § 2 iR 2 W
W5, 2612 myotatic fiber UMM LS LM ORGE & W T 52 L b TE 3B,
1989 41T ik & (SR Lo M i 4 i) L’CH*”@%?X’C T7a—F &7\, 2~3mm D
WS TRARESA X X THEEIM T 5 HEE 2 & L, microsurgical DREZ-otomy
(MDT) £ LT w5,

X

1) Loeser JD, Ward AA Jr: Some effects of deafferentation on neurons of
the cat spinal cord. Arch Neurol 1967 ; 17 . 629-36

2) Koyama S, Katayama Y, Maejima S, et al : Thalamic neuronal hyper-
activity following transaction of the spinothalamic tract in the cat;
involvement of N-methyl-D-aspartate receptor. Brain Res 1993 ;
612 : 345-50

3) Lenz FA, Tasker RR, Dostrovsky JO, et al: Abnormal single-unit
aclivity recorded in the somatosensory thalamus of a quadriplegic
patient with central pain. Pain 1987 ; 31 : 225-35

4) Yamamoto T, Katayama Y, Tsubokawa T, et al: Usefulness of the
morphine/thiamylal test for the treatment of deafferentation pain.
Pain Research 1991 ; 6 : 143-146

5) Yamamoto T, Katayama Y, Hirayama T, et al:Pharmacological
classification of central post-stroke pain : comparison with the results
of chronic molor cortex stimulation therapy. Pain 1997 ; 72 : 5-12

6) Bonica JJ:Introduction:semantic, epidemiologic, and educational
issues. In: Pain and Central Nervous System Disease : the central pain
syndromes. Edited by Casey KL, New York, Raven Press, 1991 ; 13-29

7) Defrin R, Ovry A, Blumen N, et al: Characterization of chronic pain
and somatosensory function in spinal cord injury subjects. Pain 2001 ;
89 253-63

8) Fields HL, Underson SD : Evidence that raphe-spinal neurons mediate
opiate and midbrain stimulation-produced analgesia. Pain 1978 ; 5 :
333-49

9) Willis WD, Gerhart KD, Willcockson WS, et al : Primate raphe- and
reticulospinal neurons : effects of stimulation in periaqueductal gray or
VOLc thalamic nucleus. J Neurophysiol 1944 ; 467-80

10) Patel M, Gonzalesw M, Bramwell S, et al:Gabapentin inhibits ex-
citatory transmission in the hyperalgesic spinal cord. Br J Pharmacol
2000 ; 130 : 1731-4

11) Cioni B, Meglio M, Pentimalli L, et al : Spinal cord stimulation in the
treatment of paraplegic pain. J Neurosurg 1995 ; 82 : 35-9

BRPRARE:  [ERRRETIS ] (2009-3)

— 261 —



12)

13)

14)

Richardson RR, Meyer PR, Cerullo L] : Neurostimulation in the modu-
lation of intractable paraplegic and traumatic neuroma pains. Pain
1980 ; 8 : 75-84

Holsheimer J, Nuttin B, King GW, et al : Clinical evaluation of paresth-
esia steering with a new system for spinal cord stimulation. Neurosur-
gery 1998 ; 42 . 541-9

Yamamoto T, Katayama Y, Obuchi T, et al : Thalamic sensory relay
nucleus stimulation for the treatment of peripheral deafferentation

- pain. Stereotact Funct Neurosurg 2006 ; 84 : 180-3

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Spooner J, Yu H, Kao C, et al : Neuromodulation of the cingulum for
neuropathic pain after spinal cord injury. J Neurosurg 2007 ; 107 :
169-72

Tsubokawa T, Katayama Y, Yamamoto T, et al:Chronic motor
cortex stimulation in patients with thalamic pain. ] Neurosurg 1993 ;
78 : 393-401

Nguyen JP, Keravel Y, Feve A, et al: Treatment of deafferentation
pain by chronic stimulation of the motor cortex : Report of a series of
20 cases. Acta Neurochir (Wien) 1997 ; 68 : 54-60

Kvarnstrom A, Karlsten R, Quiding H, et al: The analgesic effect of
intravenous ketamine and lidocaine on pain after spinal cord injury.
Acta Anaesthesiol Scand 2004 ; 48 : 498-506

Eide PK, Stubhaug A, Stenehjem AE:Central dysesthesia pain after
traumatic spinal cord injury is dependent on N-methyl-D-aspartate
receptor activation. Neurogurgery 1995 ; 37 : 1080-7

Siddal PJ, Molloy AR, Walker S, et al: Efficacy of intrathecal mor-
phine and clonidine in the treatment of neuropathic pain following
spinal cord injury. Anesth Analg 2000 ; 91 : 1493-8

IIARB A, RPIRCE, Adh—k, b : % 3 v abidilineis ~4 v 71 =
7 (IR S) 2008 5 29 ¢ S 263-70

Nikolajsen L, Hansen CL, Nielsen ], et al : The effect of ketamine on
phantom pain:a central neuropathic disorder maintained by periph-
eral input. Pain 1996 ; 67 . 6Y-77

Backonja M, Arndt G, Gombar KA, et al : Response of chronic neur-
opathic pain syndromes to ketamine : a preliminary study. Pain 1994 ;
56 1 51-7

Nashold BS Jr, Ostdahl RH : Dorsal root eniry zone lesions for pain
relief. J Neurosurg 1979 ; 51: 59-69

Sindou M : Spinal entry zone interruption for persistent pain. In:
Stereotactic and Functional Neurosurgery. Edited by Gildenberg,
Tasker RR, New York, McGraw-Hill, 1998 ; 1565-72

BRPRRREE [ERERIETIS] (2009-3)

— 262 —

421



AR — SRR

ARBRRER - ARk B B3
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BT R 50 % S 2051, & LT
WL, MEGERIGAMAREES%EONE I Lick>T
WL 2900, T % b b REZ AN (nociceptive pain)
DRI ST ER, LipL, B4 EA4 A ik
MIER AR 7y L oM IC L o T, nociceptive pain
OiEIEE I & L 72 R o B il o0 AFEE (3 0s L T
VB —U, KIBOE, SR ORI, BEERAY MR8
G l, HREBERORLEHABG % 2 7B R
IR 2780 C, LB (deafferentation pain) & b
RS 5 iR e 4% (neuropathic pain) 126 LT i,
BOAEA A FRURT 0 7 DYNEBFTDTHL L
BE DT, INEMIIEEOEEIRE s 2 &%,

IR ot & UTid, B Risoiess D, M il
WEE23, KIGBCEGET T Bk 8, 2 EASER I T

REGL hBD ARKFEIE/ SRE LTI > AT A e
e

St Bl fi{ HERHER

DI E kDt ARSI/ B T R B4
o

WA BExR ®aeE B AL A—

V3B TR A B L TR A L R R e
TEHEIENTHIOT, BHIRBIIREZTTS 2 a8
TE DY, LI A B R 7 & SRR AR o 45
W2 B RS A 0 LT, RIS P R (A
Ve #) ORI G5 ©H 5% (1), LTINS i
1 2 &3 dorsal root entry zone (DREZ) o)l i
TOLHEMIDS C, SR AR OGS AR
MR EE A 6 s,

=75, HHIREH ORI post-stroke pain 2 & fEh
OGO R O WHREE B E AN T, BUEEMST
WD AN IR T, FRBETTAL R A O 35k (1
QWM»eN TS, UL, PHAEEOREIIC X 2 Wi
R WA 3% ) BRI T 2 2 & L%l
%2\, Post-stroke pain 18U T I A2 2UB BT 3035 % fi
TTLARE L DREMTT 1, RINIIZIE 50% 8o aT
H BN, YRk E RGO IR EN IR ORTRIC Lo
THAUREFODLZ LN TES,
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BTHY, FIv7/FvyLrvPFR
FCERREYRMNBICHAT S
EdH TE 3B, %7, post-stroke
pain AT 2T E D DRETIE, W
AFRyE =T A ML TAIR
FELHT T AP EAL U e WEEHI 28
TRHEEL 725, D& S RfEMIE
HRED S BATERE L ISETH D,
IHBHNTRTEOHIG & edd B 7212 b ‘ o .
P97 %Ly Y72 RERT JEETIA 1R L it
b3

ARGTHE,  PhEERCEEE 6T
2 A e s & I Hz A S e
MR I DWW TR B

AR BB R

' £y fehuit
]] & | St el o

T LI T TR 2 R A B2 14,
MRI A & —% — 2% L
MRI Z ¥+ %, ENE-F i 7
L—L & st LT, ZRITMICTE
FEE U 7o MRI A & i3l & %
283 % B5 S ER (AC-PC line) % #e5E
L, 8K Ve o % e 4 2
(X3), WA EEEE2N5 L,
MRI #i{& Lic e Moo= v 7¢h
% Schaltenbrand & Wahren atlas
ZERATCRRTLZIELAHTD : , w

0, BROWIROABETRIOM 0 e w e T e e &y
W2 EHSLCOMETLZ - i B T

R 3 @ﬁﬁﬁﬁw~77 ) ETRE L= AC-PC line

Ak L 2 - 10} g . 24 ey 4 SO s .
&L AHE L o7, =2 R NG £ BIGET, © R A 8 AC-PC line. ©® AC-PC
FHFEN A~ D RN T & O Rl line L HHEE U ¢, ERMER OIS IER Z4LT W 5, 78 sagittal section, %5 E:

DFHIC £ B brain shift & B ic axial section, 5T ! coronal section,

Voo, D% LE 30 ICHIRL, bregma 754y Ry EV 7T 5, BT SNBSS ERK Ve
30~35 mm Hi77, DS 25 mm DN FHEETE T HORIRRICAS &, BUEHET) 2 & o R a2
CONMEN S 7L AC-PC line I L TH 45 Eo AT EDQRERBFIIEET 2 22— i3 ns, &
WHEHREZTAT 2 2 EDTE, WEMDHE (Vim ) b o, BB R BMASER T 5 L IEREL O FEN#I
SHK Ve AT 22 L 5TE 5 (10 4). WY D2 —n CEEAEEER S, BN X o TR
T MR B O M ERR R SR 72 & NN % %ﬁfﬁ&:%ﬁmﬂ@& paresthesia ZFHEFHE T LI L8 TE S,
T, B Ve L2 & ISR Ve A DR R BRI 2 18 5 /- O IR 2 A o8 —F 2 X 5 il
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4 TEMMFHOT7L—LZESEUKET, WERICHEEZLE MRI
BHEH7—F 7727 +OMBEY =275 ETEHMT A2 LIk T, EMELEBHOMNEBZ 74— FXv 2
TAIEWNTES,

B 5 Dual-lead stimulation j%
2EDEHMAZHIEST 22 Lic ko T, BEEO R

FHEE %3, £/, 8»FTOHIEUE D S REO WL % B 6 Cortico-spinal MEP EZ2$3ic &£
BIEGRIRT 2 2 Lok b, BIRIVISER S pares- BEGEUEDLE
thesia ZEIT 2 2 LHTES, WO HIREBI L, F 22 0ERORURTH

4 EHRIE T D-wave IS S s i o MG 2 WG T
5, ETIROE LT 250 £ 5 RESUME H#E
DHEITEETRT.

A BRI BT L > THERE B corti-
cospinal MEP @ D-wave.

2
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#IC X B paresthesia Z 3556 2 0 E D 5, HIBEHIY
WE U 7z & i il B A (Medtronic Co. model 3387) %
AL, 4 DDHFRED &ML paresthesia % 55
T2 MM RNEEBIRT 2. £/, 2R0EM%
T dual-lead stimulation V%175 &, Az 8EIR
BYIZ paresthesia #FEFRTI I ENEB LR Y, FilTHHt
EALE4Z 2 ETES (MG, WAL
R D paresthesia # BRI 28BEICT 5, 7 X MMl
VR A T ACRE R & A L B 2 4T )

KRR BB E A

Post-stroke pain 1 84 2 il <, o »R2dB o
WS ST 5 O KINE BTl H 208 Jili
12 & o THIR RIS motor twitch % 55563 2 X 9 ICIEfIC
WA 5 o L WRBIT, BRIET 28 M 43 ERy
7z T ZIEHN GR35 Y,

Fiffek & LT, il Bas i e % v TERE O
B2 ET Bt 7)) » PR — P8 L
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A HETH B cortico-spinal motor evoked potential @ D-
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L% 38T 2 5T, D-wave 3BT @ pyramidal tract
neuron WEPE MM I NG TH 5, Lo F
DM AT motor strip b, T TR oW _ERIKI
24T IC RESUME #i#i % v ¢, BRI ZITS. 2o
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Hififul# (spinal cord stimulation
s SCS) IEARR B4 B OTTISEY L L)
BB EIFATLZ LDTHECH LD
T BHIHERIZ 1T S L TE
%o FRECTE, HeRaEBic il X
% paresthesia (RECRE) 2351,
JEFIRER i paresthesia #3556 L %
WE M BT 5O REON
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L7z 1 RO % BV 5 5Tk

B Dd o720 #r L < FHEARHH 5
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H A KRR CHEMRE L ER O
Dual-lead SCS®» % # # visual
analogue scale (VAS ; 7+ ns
RE) OWA#E% b L2, excellent
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(0~ 30%) 12543 A & post-stroke
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