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Efficacy of spinal cord stimulation for central post-stroke pain

Abstract:

Keywords:

Mohamed Ali / Youichi Saitoh / Koichi Hosomi / Satoru Oshino
Haruhiko Kishima / Masayuki Hirata / Toshiki Yoshimine

Background and Purpose: Although spinal cord stimulation (SCS) has been shown to be effective in treating
neuropathic pain of peripheral origin, its effectiveness in treating central post-stroke pain (CPSP) is not well
established. We report our experience with SCS in 25 consecutive patients with intractable CPSP.

Method: All patients underwent percutaneous SCS trial stimulation. When patients were satisfied with pain
relief, they received a permanent SCS system. Pain intensity was evaluated by visual analogue scale (VAS).
Patient global impression of change (PGIC) scale was also assessed at latest follow-up.

Results: During trial stimulation, pain relief was good (>50% pain reduction) in eight patients (32%), fair
(30 — 49%) in five patients (20%), and poor (< 30%) in 12 patients (48%). Ten patients chose IPG implan-
tation. Of the nine patients who had > 6-month follow-up (mean 34 months, range 6 to 62), six reported
significant pain relief (five “good” and 1 “fair”). All six patients reported a rank of 2 (“much improved”) on
the PGIC scale. The remaining three patients reported poor pain relief; two of them reported a rank of 4
(“no change”) and one reported a rank of 5 (“minimally worse”) on the PGIC scale. The median VAS signifi-
cantly decreased from 8.0 (range 4.0 — 10.0) to 4.0 (range 3.0 — 7.0) (P=0.011). There were no significant
reported complications.

Conclusion: SCS can be considered reasonably effective treatment for patients with intractable CPSP. It
should therefore be included among the options for neurostimulation for medically refractory CPSP.

Central post stroke pain, Spinal cord stimulation, Neurostimulation

Department of Neurosurgery, Osaka University Graduate School of Medicine

Functional Neurosurgery 48 (2009)139-146

INTRODUCTION

Central post-stroke pain (CPSP) is a neuropathic type
of pain that affects about 8% of patients after stroke 1)
and is characterized by pain and sensory dysfunction
involving the area of the body that has been affected by
the stroke 1. CPSP is considered to be among the most
persistent and treatment-refractory types of neuropathic
pain %), and often interferes with activities of daily living
and rehabilitation 7). Although the tricyclic antidepres-
sant amitriptyline is considered to be a first-line drug in

the management of CPSP, it is often ineffective or

produces intolerable side effects (e.g., dry mouth, urinary
retention, and confusion *), especially in elderly stroke
patients,

The use of neurostimulation techniques has been
proposed for severe medically refractory CPSP V. Deep
brain stimulation (IDBS) has yielded variable results 2,
while motor cortex stimulation (MCS) has been re-
ported to achieve pain relief in approximately half of
patients . MCS involves implanting electrodes over
the motor strip through a craniotomy under general
anesthesia. Its use is correspondingly restricted to well-

established functional neurosurgical centers 1V,
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Table 1 Patient characteristics and results of trial stimulation

. Age Pain duration Underlying  Painful region Motor Sensory disturbance . . . Trial.
Patient No.  (Years) (Months) disease treated weakness Baseline VAS VAS after trial % VAS change stimulation
/Gender Allod Hyper results
1 60, M 7 Lt put hem RtLL Mild — + 4 4 0 Poor
2 34,F 12 Lt thal hem Rt UL Mild + + 10 7.5 25 Poor
3 59, F 97 Rt put hem LtLL Mild — + 8 4 50 Good
4 65, M 30 Ri thal hem LtLL — — — 9 4 56 Good
5 64, F 68 Lt put hem Rt LL Mild + — 10 7 30 Fair
6 75, F 24 Lt thal hem RtLL Miid — — 7 3 57 Good
7 66, F 32 Rt put hem LiLL Miid + — 7 3 57 Good
8 65, M 33 Lt thal inf RLUL Mild — — 9 6 33 Fair
9 48, M t Rt put hem LiLL Mild + — 8.6 3 65 Good
i0 51,F 46 Rt put hem LtLL & UL Mild + — 7 3 57 Good
11 58, M 60 Lt pontine inf RtLL Mild + — 6 3 50 Good
12 75, M 24 Rt put hem LtLL — — — 10 7 30 Fair
13 67, M 52 Lt thal inf Rt UL Mild “+ 8.5 8.5 0 Paor
14 37.M 80 Rt put hem LeLL — + 6 6 0 Poor
15 72, M 83 Lt thal hem RtLL Moderate — — 8.5 7.5 12 Poor
16 7L, M 19 Lt thal hem Rt UL Moderate + — 10 10 0 Poor
17 74, F 156 Lt put hem RtLL Mild — — 8 8 0 Poor
18 69, M 6 Lt thal hem Rt LL Mild + + 8 8 [ Poor
19 66, M 81 Rt put hem LtLL — — + 8.5 7 18 Poor
20 67, M 14 brain stem inf RiLL — + — 5 5 0 Poor
21 61, M 29 Lt pontine inf Rt UL Mild + — 9 6 33 Fair
22 72, M 16 Lt put hem RILL Mild “+ + 9 9 0 Poor
23 76, M 4] Lt thal hem Rt UL Moderate — — 85 2.5 71 Good
24 62,F 6 Rt sc hem LtLL Mild + + 8 5.6 30 Fair
25 59, M 48 Ltse inf RtLL Mild + — 7 7 [ Poor

Patients | to 10 had a permanent SCS system implanted. Allod: Allodynia, Hyper: Hyperpathia, VAS: Visual analog scafe, M: Male, F: Female, Rt: Right, Lt: Left, put: Putaminal, thak
Thalamic, hem: Hemorrhage, inf: Infarction, s¢: Subcortical, LL: Lower Limb, UL: Upper Limb, +: Presence, —: Absence.

Median VAS in target regions significantly decreased from 8.5 to 6 afler trial (P < 0.001).

Spinal cord stimulation (SCS) is the most widely used
neurostimulation technique for chronic pain because it is
minimally invasive, has a low complication rate, and is
overall very effective . SCS has been proven effective
for various types of neuropathic pain of peripheral
origin, in particular, failed back surgery syndrome
(FBSS) and peripheral neuropathy '¥. In contrast, SCS
is considered ineffective for central neuropathic pain,
including CPSP 2. However, the efficacy of SCS for
CPSP has not been adequately explored, and there are
only a few reports of its use in a small number of
patients 2219, To evaluate the efficacy of SCS in CPSP,
we retrospectively reviewed our clinical experience with
SCS in 25 consecutive patients with intractable CPSP,
and report the results of trial stimulation as well as long-

term follow-up care.

PATIENTS and METHODS

Patients

Records of patients with CSPS between May 2002
and April 2009 were reviewed. A total of 87 patients
with medically refractory CPSP had undergone one or
more of the following procedures: MCS, repeated
Transcranial Magnetic Stimulation (rTMS), or SCS.
Of these patients, 25 consecutive patients suffering from
medically refractory CPSP met the inclusion criteria and
agreed to undergo SCS trials or implantations in the
Department of Neurosurgery of Osaka University
Hospital. They included 17 men and 8 women, with a
mean age of 64.5 + 7.6 years (+ S5.D.) and mean duration
of pain prior to surgery of 45.5 + 35 months.

All patients were selected according to the following

criteria '¥:; 1) development of pain following a stroke; 2)
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Fig. 1 Tustrated case (No. 9).
MRI reveals evidence of an old right putaminal hemorrhage (A).

The distribution of pain in the left hemibody shows that pain was
more severe in the left foot; the patient therefore underwent
implantation of a lower thoracic electrode targeting the foot region

(B).

sensory disturbance correlated with the cerebrovascular
lesion; 3) pain located within the territory of sensory
disturbance; 4) exclusion of other causes of nociceptive
and peripheral neuropathic pain, especially lumbar canal
stenosis and post-stroke shoulder pain; and 5) exclusion
of serious psychiatric disorder and severe cognitive
dysfunction, as determined by comprehensive neuro-
psychological assessment. All patients had had a poor
response to medical treatment for at least 6 months prior
to the start of the study, including antidepressants and
anticonvulsant drugs.

The most frequent cause of stroke was putaminal
hemorrhage (n=11; 44%), followed by thalamic hemor-
thage (n=7; 28%). Other less frequent causes (n=7; 28%)
are listed in Table 1. All patients had unilateral pain,
which varied in distribution from only one limb to
hemibody pain (Fig. 1). Allodynia was observed in 15
patients (60%) and hyperpathia in 9 patients (36%).
Motor weakness was mild in 17 patients (MMT Grade
4) and moderate in 3 patients (MMT Grade 3).

Trial stimulation

In the prone position, a percutaneous lead with
quadripolar electrodes (Pisces Quad, Model 3487A;
Medtronic, Inc., MN) was inserted into the epidural
space through a Touhy needle under local anesthesia.
The tip was advanced to the required spinal level: C4 to
C7 for upper limb pain or T9 to T12 for lower limb

Efficacy of spinal cord stimulation for central post-stroke pain 141

pain. The electrodes were manipulated with fluoroscop-
ic guidance so that the stimulation-induced paraesthesia
covered the entire region affected by pain 20,

Using an externalized temporary lead connected to an
external stimulator (model 3625, Medtronic), trial
stimulation was performed to evaluate the efficacy of
pain relief before permanent implantation. During the
trial period (2 to 7 days), patients were allowed to test
the pain-relieving effects of several stimulation parame-
ters and combinations of active electrodes. Thereafter,
the temporary electrodes were removed and patients
were discharged.  After thorough counseling on an
outpatient basis, patients who decided to proceed were
scheduled for implantation of the permanent SCS

System.

Implantation of permanent SCS system

A permanent lead was implanted in a similar manner
as the trial lead. A second trial stimulation period was
then performed to verify consistent efficacy. Finally, an
implantable pulse generator (IPG; Itrel 111 Model 7425
or Synergy Model 7427 V, Medtronic, Inc.) was
implanted under general anesthesia in the left lower

abdomen or anterior chest.

Evaluation of pain relief

Pain intensity was evaluated using a self-rated visual
analog scale (VAS) ranging from 0 (no pain) to 10
(worst possible pain) at baseline, during the trial, and at
follow-up visits every 6 months. In patients with wide
regions of pain, VAS was assessed independently for
each region, and the target area for SCS was determined
based on the area with the greatest pain and disability
(Fig. 1).

In addition, the patient global impression of change
(PGIC) scale 4 was assessed at the latest follow-up of
the permanent implant. The PGIC scale indicates overall
improvement according to a seven-point categorical
scale: 1, very much improved; 2, much improved; 3,
minimally improved; 4, no change; 5, minimally worse;
6, much worse; and 7, very much worse.

Based on percent reduction of VAS (reduction =
[VAS pre-stimulation = VAS post-stimulation / VAS pre-stimulation]
x 100%) ), the degree of pain relief was classified into
three categories: good (= 50%), fair (30 — 49%), or poor
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Table 2 Results of permanent SCS in ten patients

Patient Age (Years) Gender Un(?erlying Painful region YAS 'redu.ction (f'/o ) Latest Follow-up Follow-up
Number disease treated in trial stimulation VAS reduction (%) PGIC (Months)
i 60 M Lt put hem RtLL 0 0 4 59
2 54 F Lt thal hem Rt UL 25 20 5 16
3 59 F Rt put hem LtLL 50 50 2 62
4 65 M Rt thal hem LtLL 56 50 2 60
5 64 F Lt put hem RtLL 30 ND* ND* 2
6 75 F Lt thal hem RtLL 57 57 2 41
7 66 F Rt put hem LtLL 57 57 2 24
8 65 M Lt thal inf Rt UL 33 33 2 25
9 48 M Rt put hem LtLL 65 19 4 12

10 59 F Rtputhem 1tLL & UL 57 57 2 6

“This patient had less than 6 months follow-up at the time of the latest follow-up and was therefore excluded from long-term follow-up. *This patient
had two electrodes implanted, but in statistical analysis, only results for the thoracic electrode are included. For PGIC: 2 = Much improved; 4 =No

change; 5=Minimally worse.

VAS: Visual analog scale, PIGC: Patient global impression of change, M: Male, F: Female, Rt: Right, Lt: Left, put; Putaminal, thal: Thalamic, hem:
Hemorrhage, inf: Infarction, LL: Lower Limb, UL: Upper Limb, ND: Not determined

(<30%). During data analysis, pain relief of “fair” or
better and “rank 2” or better on the PGIC scale were
considered clinically significant ®. This consideration is
based on a report documenting that pain reduction as
low as 30% cotresponds to clinically meaningful suc-

CESs 4).

Clinical factors related to outcome of trial stimulation
Based on the degree of pain relief during trial stimula-
tion, patients were classified into two groups: “good” and
“fair” in one group and “poor” in the other. Clinical
factors such as age, sex, painful region treated (upper vs.
lower limb), duration of pain, cause of stroke (putaminal
vs. thalamic hemorrhage), presence or absence of hyper-
pathia or allodynia, and degree of motor weakness
(absent or mild vs. moderate) were compared between
the two groups using the Mann-Whitney U-test for age
and duration of pain and Fisher's exact test for the

remaining factors.

Statistical analysis

VAS scores before the trial, during trial stimulation,
and at the latest follow-up were compared using the
Wilcoxon signed-rank test for non-parametric data. For
the one patient with implantation of two electrodes,
VAS reduction for the thoracic electrode was used for
statistical analysis. In all comparisons, findings of P<

0.05 were considered significant.

Ethical issues

The study protocol, which conformed to the
Declaration of Helsinki, was reviewed and accepted by
the local Ethical Review Board of our institution, and

informed consent was given by each participant.

RESULTS

Trial stimulation

For trial stimulation, 24 patients had a single lead
implanted (18 at the thoracic level for lower-limb pain
and six at the cervical level for upper-limb pain), and one
patient had two leads implanted, one cervical and one
thoracic (No. 10; Table 1). Pain relief was good in eight
patients (32%), fair in five patients (20%), and poor in
twelve patients (48%). Median VAS in target areas
significantly decreased from 8.5 (range 4.0 — 10.0) to 6
(range 2.5 ~ 10.0) after the trial (P<0.001).

Permanent implantation

Ten of the 25 patients elected to undergo permanent
SCS system implantation (Table 2). Two patients in the
“good” group and three in the “fair” group did not choose
implantation of the permanent SCS system. On the
other hand, two patients in the “poor” group chose im-
plantation despite detailed explanation of the low poten-

tial for a favorable outcome.
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Fig. 2 VAS pain scores for ten permanently implanted patients.

Patient No. 5 had less than 6 months of follow-up, and was therefore excluded from long-term follow-up analysis. The median VAS signifi-

cantly decreased from 8.0 to 4.0 at the latest follow-up (P=0.011).

Results at last follow-up

One patient had less than 6 months of follow-up, and
was therefore excluded from the analysis. The remain-
ing nine patients had a mean duration of 34 months
follow-up, with a range of 6 to 62 months. At the last
follow-up, six patients reported significant pain relief
(five “good” and one “fair”). Mean VAS reduction was
49% (range 33 — 57%). All reported a rank of 2 (“much
improved” ) on the PGIC scale and used the stimulator
regularly (2 - 10 times daily; Table 2). The remaining
three patients reported poor pain relief; two reported a
rank of 4 (“no change”) and one a rank of 5 (“minimally
worse” ) on the PGIC scale. The median VAS signifi-
cantly decreased from 8.0 (range 4.0 — 10.0) to 4.0
(range 3.0 — 7.0, P=0.011; Fig. 2).

Pain relief during trial stimulation was consistent with
that during the latest follow-up in all but one patient
(No. 9), who had good responses to trial and initial
stimulation, but who subsequently experienced progres-
sive loss of efficacy of SCS.

The most common stimulation parameters used were
an amplitude of 1.5 ~ 3 V (range 1.5 — 6 V), a pulse
width of 210 psec (range 210 — 450 psec), and a frequen-
cy of 31 Hz (range 10 - 50 Hz) with a bipolar configu-

ration.

Complications

The complications observed included only minor dis-
placement of the electrode tip in two patients. This dis-
placement was not associated with a change of efficacy
of stimulation, and thus no repositioning was attempted.
During the follow-up period, one patient (No. 4) died 3

years post-implantation due to a cause unrelated to SCS.

Clinical factors related to outcome of trial stimulation

There was no significant difference between the two
groups in any of the factors examined except the inci-
dence of hyperpathia, which was significantly higher in
the “poor” group than in the “good” and “fair” groups
(P=0.042; data not shown).

DISCUSSION

SCS has previously been considered ineffective for
CPSP in spite of the paucity of data in the literature to
support this idea?. This study is the first to denote that
SCS may provide improved pain control in a group of
patients with medically refractory CPSP. We found
that approximately half of patients (52%) exhibited
significant pain relief during trial stimulation (Table 1).
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Moreover, six of nine patients continued to exhibit
significant pain relief over a mean follow-up period of 34
months (range, 6 to 62 months; Table 2). All six
patients reported a rank of “much improved” on the
PGIC scale, with a mean VAS reduction of 49%.

A previous report had indicated that 80% of FBSS
patients achieve >50% pain reduction during trial
stimulation ¥, 'We obtained a lower rate of success
during trial stimulation, with 52% of our patients report-
ing >30% pain reduction, and 32% reporting >50% pain
reduction. However, this modest degree of efficacy is
important considering the severity of pain in these
patients, the failure of all available treatments to provide
any significant pain relief, and the paucity of alterative
therapeutic options.

To our knowledge, only two previous retrospective
studies have investigated the use of SCS in CPSP 2919,
In agreement with our findings, the first study reported
long-term efficacy in 3 of 10 patients 1), while the
second study reported long-term pain reduction (= 60%)
in only 3 of 45 patients ¥, Using >30% pain reduction
as a threshold for success, 6 of our 25 patients (with a
mean VAS reduction of 49%) were considered to have a
satisfactory outcome, as indicated by their choice of
“much improved” on the PGIC scale. The discrepancy
between our findings and those of the Katayama study %
may be due to differences in methods used to evaluate
clinical benefits. While no consensus exists regarding
the definition of a good outcome in chronic pain studies,
the criterion of 50% pain relief is increasingly chal-
lenged, because pain reduction as low as 30% corre-
sponds to a clinically important improvement in many
patients >%. We therefore suspect that the clinical effi-
cacy of SCS may have been underestimated in the
Katayama study as a result of the use of a higher thresh-
old for success.

Therapeutic options for medically refractory CPSP
are limited '®. MCS is reported to provide pain relief in
50% of patients with CPSP 6). However, because MCS
requires a craniotomy under general anesthesia, its use is
limited to a few specialized centers V. In contrast, the
SCS technique is relatively simple, less invasive, and can
be mastered not only by neurosurgeons but by many
anesthesiologists and pain clinicians as well¥. Compared

to other neurostimulation procedures, percutaneous trial

SCS is much better tolerated by patients, and the elec-
trodes can be removed easily if a trial fails. In our series,
the minimal invasiveness and high degree of safety of
SCS were demonstrated by the absence of significant
complications.

The distribution of CPSP throughout the body may
be quite variable. CPSP most often occurs in a hemi-
body fashion, but may be restricted to distal parts of the
body, such as the hand or foot 1. Because coverage of
the entire targeted region of pain by stimulation paraes-
thesia is essential for success of SCS 7, we selected the
most painful region, which is somewhat restricted, as a
target for SCS. In this context, a majority of our
patients (70%) suffered leg pain most frequently due to
putaminal hemorrhage. Putaminal hemorrhage is known
to affect the posterior part of the internal capsule, and
has the propensity to cause pain that is most severe in, or
confined to, the leg 19. We considered patients with leg-
dominant CPSP suitable candidates for SCS because
thoracic electrodes are is less susceptible to displacement
than cervical electrodes '), In addition, lower-limb pain
is not considered a good indication for MCS, given the
technical difficulties associated with implanting elec-
trodes on the medial surface of the brain ©.

In our analysis of clinical factors possibly predictive of
response to trial stimulation, we found that patients with
hyperpathia responded less well to trial stimulation than
those without it. This observation is consistent with a
previous report that showed that SCS is less effective for
control of evoked pain than spontaneous pain 2. In the
majority of patients, we also found that the effects of
trial stimulation were sustained following permanent
implantation. SCS trial stimulation is thus advantageous
for predicting efficacy in a minimally invasive manner
before permanent implantation, and should therefore be
tried for intractable CPSP before using more invasive
techniques.

One limitation of our study is the small sample size.
However, it is difficult to recruit a large number of
CPSP patients in one center because of the low preva-
lence and under-diagnosis of this condition V. In addi-
tion, our study lacked a control arm. Generally, it is diffi-
cult to find an adequate comparator for neurostimulation
therapy, therefore only few controlled studies on this

therapeutic approach have been reported 2. Because of
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these limitations, we recommend a future prospective
case-control study design with a sufficient number of
patients to document the efficacy of SCS in CPSP with

a stronger level of evidence

SUMMARY

Although the degree of pain reduction yielded by SCS
in CPSP patients is generally moderate, SCS may
provide some help for about half of patients suffering
from intractable CPSP. We therefore suggest that SCS
be considered among the neurostimulation therapeutic
options for medically refractory CPSP, especially in cases

of lower-extremity pain
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EOWEL O, ~KEHHOFMEERH GHz LLE) A7 v AT~
AMEPEC, AR TORBEIL20~0BBRELHESATNE, 5%,
BRBEPDERELET VA LNVOBE NIRRT L W EBO BRI &

ns.

(g 202y 2 30 1676-1685, 2009)

F—U—N ' RERHERANY, WREENRE, —kEE

(T C &I

e EERE (neuropathic pain) 13, 4k
HEEERICHT2BECKRIZL > TEER X
HZSNDERTHY, WEDLEFHIBERD
IR, WIS HEMRRR S MR, T
TG | & P & BIEBHIATM, SRR, FimmEs
BOEF R EZI b5, ROFICh LIEE
HED % CHERICROB T 2ERNE L, 20k
RIEBNIXT L, PHICE ) BEERET 2 M
EEY R B BRI (motor cortex stimula-
tion : MCS) & #fllE#E (spinal cord stimula-
tion : SCS), MMZEELHEES: (deep brain stimula-
tion : DBS) 7% &E2TbhTw s, L,
THNENHEN, FREIEN, FEiCEE
TREL, BMaREEEREEE TICEDALE
B OTHY, BEIZE-THN—FL
DEVHERETH S, —F, FEBENIOEE
THRBI LB BRI ABEE =2 -0

THETE D RIERESHIANY (repetitive
transcranial magnetic stimulation : rTMS) 25,
FREREEWEE N LCOSH S, 2085
PHESINTWD, bhvbhd 20024E LD,
KB MER > EA L, MEMREE LT
100 fiE Bl % B8 2 % #fE B =M 12 r TMS %
fToT&7.

AT, BEUEP % &0 M E 1R 2
95 rTMS DWW TS T 5 .

1. BREEEIISRORELS
BRI (rTMS)

HEEBERSAF B (TMS) &, Faraday #°%
RUZ-EHEFEOFEEZHAWT, HEELICEY
Zaf VIZERTBERACHRTIEICLY, &
BREEF R EOBEBZ U VSRS 5
2L FRCEoTaA Nt emin
TR ENICHFEER R L, BRI
fiz BXMICHIET 2. BEEERIEO L5

(Special Article) Forefront of nerve stimulation therapy

Repetitive transcranial magnetic stimulation
Koichi Hosomi, et al

Department of Neurosurgery, Osaka University Graduate School of Medicine
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LEREAEE) L OTIR R, BEIRECIEEE
IR EZRET 522 ENTRETHD. 1985
|2 Barker 5213, BEHRICHAMNEE 52T
FOHRLYVFRBUELRESFT L LK
L, T0%, BERICHLE > Twaolz, 540
B MET ERBNICHIEMTEA2FELL
T, HEREP ZERERE L A OIEB R,
EMREROS  FHIICESFHI LTV,
ZD%, HEfELTTMS ZMic5 25k, HiR
RO ELEFIZRI T L 2%bh D,
BAEER (9O, MERFE, MEEEE),
EFROBEE (EBEELRLY), FTHEE
BE (OS—F VU, VAT, BER),
FRUNMEEVERE, #REERE, CATA, HE,
PERBEELZ EOBBICRITEND I ko
720 IR REREERSIE ('TMS) &
Mg 5.

2. HEEEMEEICHTS
rTMS D FEsk

MAREERRBICT 5 rTMS &, Fiiic
Lo T—UGERE (M) 2 BERMET % MCS
DRI VRAOND LI ol BODHK
Fid, Migita HYORZE AP HIERE 2EFTH D,
1ERNIE rTMS, MCS & b icBmaiR %2R L,
b LEFIIHEL DENTHo 2. ZOHE
T, 02Hz OEBEERBECHE I/ VEH
THEO—EET (ML) 2RET 5L
bDOTHo7. FDH%, 2001 £LKE, 5Hz L
FOBHEERMB TS DFEIAL VERWTIHE
Ml 2R3 228 T, BRMWEIELNS &
D|MEDVIRNTZY. B ORMBEESRD
ZAFEHENTWS,

3. ITMS OF%

1) BERHEE
SRR B AT B 2 AR AR B & LT,

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

Magstim Super Rapid (MRS1000/50 ; Magstim
company, UK), MagPro (Medtronic Functional
Diagnosis A/S, Denmark) % &2 5 (K 1).
Magstim Super Rapid i 50Hz £ T, MagPro
12 30Hz EFTOMHTRETH 5. EHE, NE
FEC I ZAH (biphasic wave) % V> % 25,
MagPro 1 ZBAHE X BIRL 20D, 24 VERD
MELHEICDTHIEDPTURETHS.

2) ®lEa31I

Fl¥ o A ik, Ao AN, 8oFaA L,
FINaA—=r AL Vi ENH D, T4 VPEN
REWIIEEREE TRIBASTTEET, 8DFaA
WIEBRE L2EERE, & 7va—rvaqf ik
HEHRE L7EEORHEICE L TWA, @%,
IR A rTMS ICHWSH A DL, 70 mm
DEDFIAALNVTH A, FOM, ¥ LHEH
DX LI, BEHEEODXOIA N, F—
TR A FDOHAT LT NV ENH D,

FAEREF T2 VIREN LA L TITE,
CZBADHERERBIZIDITE R
B720, FIBGERRE - S, 2% Ik o T,
BHRTIANERBRT BELENETL A, bh
bk, FEENIIAVETEH2TEHRL,
RHPDREGHTERE IS VEZGEH LTV 5.

3) fiEFES~2a VAT L

THEM L HEE T, A E /BT,
WD EER 10-20 % & EEF R EAM S twitch D
A BB hot spot & ZE TR BEA 2 RET
5T ENLZWEN biibhud, rTMSE A Y
MEY, TMSFHESF =¥ 3 v A5 4 (Brain-
sight Frameless Navigation System ; Rogue
Research Inc) ZHWTEBY, ML CTEH
DEMEEmTEEL CHEZzT-o-Tw5E (K
1), REH, FESCsTenwEHie, 2
ANVHEHEEETHELTWA., ZOVAT
LTI, BFEMRIOBEERETYTLY A
M VOMEEFRAIREN, BHFEHIC
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1 HBOITMS X5 4
TMSAFEY =Y a v v AFaelnb-nERTEZEL, T
FIZaA WEThenE ) ICERo I/ VEZETHWTWS. #l
B EEE 13 Magstim Super Rapid, I 4 VX 70mm D8 DF I A )V

EHELTWS

LR TEEE 0%, BEEOEIHEEH
Y7z & CEBNFEBALR twitch 274 Lz
WA, EEBEFLUAORBOBICERTH
B8 F 7o, HLETEIN T O R 2 RN o
BER, I/ NVOEEOMWLRE, FlZIEE
BOFLEICST L TEEFMICHIET 5% 80
EETH 5.

4) FUEERAL
FUBEBALIE MCS D&FEE L b, £ DS T
ERFEALOXHE M1 25 BIRE T B40, L
L, FOMOIAICELTIE, HF YRS
NTWihol, 2T, bhtbhid 20 fEH
DHMEEEURERBEREE LIRS, TMSTE
T—=va vV AT LMo T ML, —RIEEE
LETRTEF, WREBENCN L 5Hz @ rTMS (5t
500%) %1To72. #OHKE MILOAN Y ¥
LARIBICHAREBECREBESREER L (K
2)¥. FoMoORBEMIC OV T, BT
FIERE CHEER N2 EOB|ELH L5, &

BBIOMEICE LT oTWE,

TFERE EE R ORI IR TH 595,
WE, A ML A OEFEAICH L T 580 %
fET 5. Thbb, GFOBEAIT LT,
/£ M1 @ hand area #3#R$T 5. LAaL, EHE
& T® hand area DRIB THRBRIRERPBEONS
E o ToHESRY, EIBIALICH YT 5 HEIER &
0, FOBBEEBOMBAL VRN THE L
Vo ltHEbALNEY.

5) ®EFHHE

BE, POECH L CEERBEERSTTN
HEHCa4 VERETAH. Magstim DA,
BEBEIZIANANY FAHFLDLIICRET
B EWEVH, BIAIINY FVHL S (ZH
BOZAHMEOFBERL PA FMI%5) s,
EEREIME L 259 R EIC O WG
L 72838134 % v 2%, Andre-Obadia & 7%,
LM (#AHMED) FrcixkEsiRiEz <, PA (&
) HMTHEPS B EWMELTWAEW,
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50 1 i
B REP 5%
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30 60 90 180 (&)

M2 MEc L 3 RENEORE (IS L3I
R OB v S AT R RE R L (b

<005). Ml:
SMA : #iREBE

6) FIsEE

SHz Dl E o B sa BRI B A L& N
WCAEF L, 1Hz DUF OSBRSS PO
ERTHEENRTEY, FRESEEIC XD REAND
BMEBMNEL LI EINRBENTWASY, Lefau-
cheur 5913, 18 FEFI DT O MR EMERIEIC
LT 10Hz, 05Hz, ¥ % & rTMS 2T L,
10Hz DABEIC - LBREFEONTLH
BEL bhbhd, MEBEMEERE 13 EM
125U, 10Hz, 5Hz, 1Hz @ rTMS GRIBGERAL
M1, E500%) 2#1To/ & 25, 10Hz &
5Hz ®ADY ¥ ARIEIC BRI Rz R L
7= (R3)®. o, 10Hz % 20Hz ® rTMS
TRGLHRBERVPHBE SN TV LY,

bbb, 5Hz T50E0RE 10 OH
W) ZS0PHEBETION (/KT 100
B) YBT3y —vERDICHERLTNAS.

7) REERE

WEGRE X, EBEME (motor threshold)
PEBIIRET S BRTAIREREOMED
Hh, MoOMELFEHICY, bhvbiidsub-
threshold, % # #F Z 8 B {8 (resting motor

~NA LYz w7 Vol.30 No.12 (2009.12)

—WEEEF, Sl —REEE, preM : EB)EIE,

threshold) @ 90% D % vy T 531819,

8) ReRi

i & D EREIZ Y2 - Tk, Wassermann
DHA K4 L9, HARBRMEERZEZOD
HRMEIECE T2 EEROBMEIETL L
BEFE LW, ROFEINIEEBLREEHTH
BIEEIERICER T S, BENCHERAE,
#MRI W & % 5l 2 1TV, B O sk
BhHEHRETBRINT S rTMSIESE T
10,000 FEBI L EWCEAT S N, 12 B OEFR
VEDERE SN T 52, REIHOBIZETHER
R EELZEERIZEEAEALNRTED
T, MhREL INTWEY, 20, L
N= A A= h =R ERNED AL EENEE S
NTWBBREREZ LR 5.

9) ¥ v LFIH
HOGMIRIBICR 5 722 & Tk WA, rTMS
ORI EZ T 512> TEEMEE ¥ ¥ A
FIMOLBPEETH L. ¥ v 2HEOFEL
LEEESH), I VEHEMICERICHLT
A5 EN 0 EMETEHER, Yyraaf ViR
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0.6r

0.5 .

0.4r

0.3

0.2r

VASET# (mean £ SEM %)

-0.1

(%)

H3 FEEEECKAREHROMEE U113 L 5IH)
10Hz £ 5Hz OAD Y ¥ ARBICHRTCEECBRBENRZRLL

(p<0.05)

WAHHE, T4 NVORMEEZRI RSO R
L-BRAE»HEBICGZH2FEREDYD
66,8,19).

4. rTMS DOFEI

YRR T, BWIEELR ST 72 b b
S5THahBERRLNT, BERE6IALL
R L REREL AT AR EMRR X
HBEL LTS, Fik L-REXREDETD,
HRMEREEE 2 U CHEUIEBOFMAITE
HWEER THRAVIr—HL N avEY
MR e N WEE, BHNEERHMEELH
THEE HELEEEBRAL WA,

5. rTMS D&ERIR

1) EEOFH

RREOFMICIE, ZDECFEHINRTNS
visual analogue scale (VAS) &, EHEOHEIR
X DREZRFHIET 5 ~ F VIR B R MR
(Short Form of McGill Pain Questionnaire :
SF-MPQ) ZEDPHVWSLENE, ZEHEHADER
REEMT 5L, BE2UEHEFEHLCEF

45 ek B 24 R TR O MWIERZ ¥
fig 5 HERE, FHiELEHTHL. Db
ik, RIEER, EE» OSBRI 3T
WHBMEFMET o CE 7 ZERBREN
0% EFET L2 AEREHEL TW
2 20).

2) F sh 4

5Hz TR ML 28 LEBREICX 5%
BAHIEH T STV EHERB 100 EF iz H
AS50 EF, BEEIRME 15 E, MBARE SR E
1B15 9 FER, RRUIWT (KIBoRE) 7 EGI, RiEw
BRBE 6 ER, =X MEEE 4ER) 28RN
BOVCERAT U763, RIS 100 SEF O F3RTE
= (& T %) 1L VAST232%, SF-MPQ T
346%, AEIEIL VAS T 31.0% (317100 FEH),
SF-MPQ T486% (34/705EHI) THo7z. &
L ¥ v AR OTE AT D 7z 56 FEFI D
BB T VASOEHBERIIENEN
286%, 138%, BAMEIIFNEN429% (24/
56 fEF)), 125% (7/56 fEF]) TH D, FRE
AV v AL D BRER, AL DICERI
Ehol (H4).

112, SHETML 2 8DFEI2 A4 VTHIE
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—_ A B I [ VASIEFZ 30%:##
o\o 40 - 70 r D o/ 1y
s p<0.0001 VASIE T2 30%RLE
% 35+t T 60+ p=0.0003
1 %0 I 50} !
g 25¢ ﬁ 40+ 32

2o E 301 49
@ 1 O L 20 . .
2 5t 10} 24 |(42.9%) ]
> 0 28.6 13.8 7 {(12.5%)

AR v LR AR 4 LR

4 KEIBED v LREOBEEDIE (56 FEH)
ARBE T ¥ ARBOW BTNz 56 ERITHMEZ I L2 25, FHOBBEE
(A), AHE (B) &b, KUEOFTFB-> Twiz (p<0.0001, p=0.0003)

L&D b, WHER 10 EFILL LT VAS
DETEIZBMEN TS S OB RSl
M1EO€y ¥a v Tid, VAS OFHERREE
13 11~33%, A% (VAS2530% LA LT L
b DEEFMEHE) 128~T0% THo7z.
NHE2YHT 5L, FHRFEER205%, BE
B1%THh o7z, wilr, MEREEEREICHT
% r'TMS @ # 3 %° meta-analysis 2 # &5 S 11
TV 5128 B3I 0) meta—analysis T, 100
Bl (4007 0 A4—n—3Er) OEEHT,
IEBRD VAS O FHIgEa1E 13.7% (Rfl# &
D x LRBOBRELZSWE) LHEsh
TEHD, ¥7-50HmE T, 368%DEHD:
rIMS 2B L7z (BRUSOEFITEXET &1
BENLLOERER) Ea3hTnid?, ZHE
M CHRMEICEZRND 5 01%, SRR
R, A EOBNZENZELTVREHD
EEbhs,

3) shRFHEE

1EOLOEY ¥ g Tk, rTMS OB
RiEI—BECLIELREZY. bhbhD 3D
DOERRFFE I, R 90~180 L THE R
VAS DR T A3A & 7281319, Lefaucheur &%
X, BIERI RIS 2~4 HHMR Lo L )
ELTWwWA, —JF, Khedr 52i3:E%5 5 HRH,

rTMS 2479 2 & T, %< &b 2 ARMKREL
RVMAE L2 EHELTBY, Ly va V&
DRy ET, RMNZBRBEIRVELONSC
EVHRFIN TS,

4) HRFARF

rTMS OHMEFEHRFIC2WTIEZ, BEEF
BF & LUCHEHERY, &HF9, FRIEIERHA
PR ERPHREINTBY, BEARETFEL
T, WMBHEEISBITONTVEY, &, &5
CEBIER TOMEHPLELEbNS.

6. —RENFWNHOKRBERRF

—REBFRHMEEORERT ICOVW T,
WELRIIAPEZEAPZ COPBIRTH L. Rk
EEWEIFIIEESRM ST TR, Mk EBM
O AR IR I e T B b 54 U Cw
HEWhbNTEY, MEHEEREIHEREE
fi (Ca—oEF2l—vay) L, TERE
B RELTHREDIREBE LWL EEZD
nTwaYW, FEEZ, rTMSS MCS % &L RE
RBOREE L, BB Cid e SR S BRE
REVFMB ST 5. BEICIErTMS & MCS D
Za—u VERRIERLR Y, 4, OB
BELEL D, B L RRMICERICH
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K5 EHREMEREOHEERL TMS
DEERHE k29 X v 51H)
rTMS DR BIFFIIARABRIZ LR, BE
il ® motor fiber & sensory fiber DI HE

DB R - LT wi

MT ALV HIEFLETHE. 512, rTMS
DEEREEIR L MCS OEMOBRREIESHE T
HEHESNBN®, EHEETMS & MCS®
PR IEM L T L EZ 5N A.

H:0-PET O HFZE Tix, MCSIZ X b ) # &8
& b MER - BRSO RIERFTIRE, IR B
Boiie EER 72 &, 1EENCEES-§ A IR TATIE
FRPIHIR 2 LT O RN S5-3 5 EH O Mk
BIAHME STV BB EHEE rTMS T,
RENRT IV E R VIIFETIEdH 528, fMRI
% FDG-PET CTHIBLERNL & 1 BEN 7z B s o
MIRNEALDIA STV B,

bhvbiid, RET OMREREEZ DR
T HI-D, 1T EFORMEREEKR CTDTI (dif-
fusion tensor image) % #% L, fiber tracking
DHHE L rTMS DIEBRMRAZ LK L2, £
DFEER, rTMS BRI EIESNIC N, BE
il  motor fiber & sensory fiber @ # i & A%
BRI Tw: (B5)%. Motor fiber &
sensory fiber REDRE T TCEHE L TWwaB DR
AR TIE® 555, FRROEZE)—REEEH
ORI O REMFERIC EE S LD 720 O/ E A
MERINTWBE Z L2, BEHHMOBRRERE
WCHELRO, S L.

Kibibhid, HHETICH:5EHHO

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

o
o

EEABEOE(%
(rTMS#./rTMS&1)
5 &
| —
|

o
n

o+

ER ERIFRE  BRETRHE

6 TMSICL 3 ERFHEREMOE(E
(3CHR 30 & h51H)

rTMS OB REFREG ARSI, REAN

RBAHERL Tz

BE BB & R E RS 14 R TRET L
72, rTMS Bif2ICHE ¥ 713 THERBA R E
TEHFREMZHEL, EBTFoEERER
REMEL72E 25, rTMS BE6 TR E RS
PHERLTwe (H6)0. ZoRENERIT
EENOT VY I VBB BEREATES o —
U YO M4 5 & vwbhbhTwa, Lefau-
cheur 671, 22 fEF OB EMIKRRE O E
T, BEINTYSEENIHIEED rTMS
WKEoTRESNAEHEL TS, REO#
BENOEEIESGHFHONE 2 -1 > DiE
HHABEET 50T RV BEbLs,

CDXHIT, EHBFRBIC X AR, #
HERAL GEENEF), RET OMBEEE, B4k
HEREBAEES L Tnws, FRPRMT LT
DT, MEEEZ B U CHEICERC
M5 L ORRARMOLELToTwA DD ER
bis., —KREFFLZHET L LT, —kE
DFEREBHTLE L LI, —REESTFLS
DMFEEAE LB U C, BEETIEMENICHA
DIRFEIRANCE G U7k 4 e 80 2 1E AL L,
AENICRRENREZRELTCWE LEEENS
(®7).
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MEFELREDHRENS. 5%, MREES
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# o 8 [EUHI] SR CEEREMRRE SRR LT, Al — KB ELURUEE (MCS),

EX)E

B RS E SR B (SCS), FHBREAFBEN (DREZotomy) 2 HIFLTHBY, 20
RHIE S BT L7z,

UEBI] MCS 1 34 B (BiZE 49098 (CPSP), HRIBGMHRAR, RMMERENAER). SCSit
Failed back surgery syndrome, CPSP % H1.0:Z 66 1 (Miaf 44 i3 CPSP @ 2541), DREZotomy
ARG S RS BRI E P L E L2 10BUCIEIT Lo T RTCOBETRE 10ED
BLTwa,

[#5F] MCS 1334 BIh 24 60 (71%) \ERERIIBASE R TH Y, 28 BT K AT BB AR 04 3
Nize REBIFOMR, 1360 (40% ; WABZEEA L ELT O 2B ([CHMEAHERS
SNTW 2o SCS TR 25 B 1361 (52%) ICHRBRIEDERTH Y, 10 FUC A ATISE M A
WkFENizo RELBHOMR, 76 (28%) IZHMMEAHESE S L Cv7z, DREZotomy 13 #7HE #%
2O FEVERA 10 FIh 8B (80%) THEL, EHLBMTLABOMEETH 2. CPSP T, #ik
BB O RD BT BRI D - 72,

(RE5R] MR SRR IIERAER L & BT 2R b H 0, BRICIEHER X ) BN
BREOHVPERT VL EBbNL, L L, BEBr AL T 20803 Xk X BERER
V2X L Tid DREZotomy 2B & £ X H N5, AHEHEEMAR IO T 2 &R aiE s,
BEERERENCEEL CEIS RO LI ENEEL Bbh,

TR E YN, KR — GRS BAUN SR, B RIS B AR S,
HRORARB AT UERMAT, M AR
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EC &I

- TR EME&E (neuropathic pain) [ A RE R
MY HEERLRBAICL - THEF 2R ShbEHE]
EEFESNTBY, PR P %R (central post-
stroke pain; CPSP) R HBHIBEHER, KuMERE
BICELBZEFBLEDVPETING D, BYRaEIEE L
LoiZfrbh, BROBEICZL-> TR, 7oy
7, REATERE, BREERELELThhA L
bdHoHA, EBRISERICHERL, BEOQOLEEL

CETESEDLZEDRLHV. 0L kA
MREREMAE I LT, SR TIEEWREROII I
KB —UGEB B BRI (motor cortex stimula-
tion; MCS) 39149, 35 BT/ B A 808 (spinal cord
stimulation; SCS) 519, ¥FB6#ARR B HEH (Dorsal
root entry zone operation; DREZotomy) 8 % 47 L C
Who AFRETIE, o EEMERICHT 25800
GRORMBEME L POICHRE L, BENRBEEIZD
WTEE L,
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