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FI1G. 6. Results of CT scan carried out before DBS of nine of our patients. After DBS, five patients (left) remained in VS and four patients (right) recovered

from VS.

intact or less injured side for electrode implantation, as unilateral
stimulation is sufficient to induce a strong arousal response and
increase r-CBF in the whole brain.

DBS is not effective for all VS patients as the resting brain function
differs between patients. We used the ABR to evaluate brainstem
function, the SEP to evaluate thalamocortical function, continuous
EEG frequency analysis to estimate the relationship between the
brainstem and cerebral cortex, and pain-related P250 to evaluate the
higher brain function. Our results revealed that electrophysiological
evaluation is very useful for selecting the candidates for DBS, and only
14.9% of VS patients were considered to be candidates for DBS using
our criteria. We propose the possibility that chronic DBS may be useful
for the recovery of patients from VS, if the candidates are selected on
the basis of electrophysiological criteria (Yamamoto et al, 2005;
Yamamoto & Katayama, 2005). Figure 6 shows the results of CT scans
carried out before DBS in nine of our patients. Four patients recovered
from VS and five patients remained in VS, and it was difficult to
predict which individuals would recover or fail to recover from VS.
CBF is lower in VS patients than in normal subjects, but CBF at the
chronic stage of VS does not always represent the severity of acute
brain damage. These findings support the importance of electrophys-
iological evaluation for the treatment of VS.

In our VS patients, we observed a strong arousal response
immediately after the start of stimulation, but it took at least 4 months
after the start of DBS for the patients to recover from VS. Hassler
et al. (1969) and Strum et al. (1979) started advanced therapy for
prolonged coma patients; however, they could not apply chronic DBS.
For the first time, Tsubokawa et al. (1990a,b) applied chronic DBS for
the treatment of VS. For the DBS device, we first used the Extrel
system in which the DBS electrode is connected to an internalized
radio-frequency receiving device, and the stimulation was performed
percutaneously using an external pulse generator. Subsequently we
used the Itrel system, which contains an implantable pulse generator,
and all the systems could be internalized. Recently, the minimally
conscious state (MCS) has been clearly differentiated from VS. Schiff
et al. (2007) applied bilateral DBS of anterior intralaminar thalamic
nuclei and adjacent paralaminar regions of thalamic association nuclei,
and reported good results following a 6-month double-blind alternat-
ing crossover study in the treatment of an MCS patient. Giacino et al.

(2002) proposed the concept of MCS, and MCS is characterized by
inconsistent but clearly discernible behavioral evidence of conscious-
ness and can be distinguished from coma and VS by the presence of
specific behavioral features not found in either of these conditions.
MCS is often transient but may also exist as a permanent outcome.
They also proposed that recovery from MCS is characterized by a
reliable and consistent demonstration of one or both of the following:
functional interactive communication and functional use of two
different objects.

The Multi-Society Task Force on PVS (1994a,b) reviewed previ-
ously reported series of VS patients with traumatic and nontraumatic
brain injuries (Braakman et al., 1988; Levin ef al., 1991; Sazbon &
Groswasser, 1990; Ingvar, 1973; Alberico et al., 1987; Groawasser &
Sazbon, 1990). Among 434 adult VS patients 1 month after a severe
head injury, 33% had recovered consciousness 3 months after the head
injury; this rose to 46% of the total patients at 6 months and 52% at
12 months. Among 169 adult VS patients 1 month after nontraumatic
injury, 11% of the total patients had recovered consciousness
3 months after nontraumatic injury, rising to 15% at 6 months, but
none of the additional patients had recovered consciousness
12 months after nontraumatic brain injury. Their review indicated
that the recovery of consciousness from posttraumatic VS is unlikely
after 12 months, and that from nontraumatic VS after 3 months is
exceedingly rare.

We have started DBS in VS patients from 4 to 8 months after the
onset of comatose brain injury, and recovery from VS occurred after
13 and 10 months for those with head trauma and after 19, 14, 13,
12, 12 and 8 months for those with nontraumatic brain injury. In
contrast to their review, the recovery rate of our patients with
traumatic head injury treated with DBS was much lower than that of
nontraumatic brain injury patients treated with DBS, and only two
out of nine patients with traumatic head injury recovered from VS.
This recovery rate of patients with traumatic head injury appears to
be lower than the spontaneous recovery rate reviewed by The Multi-
Society Task Force on PVS. However, most of our traumatic head
injury patients were operated on in our department to prevent
impending cerebral herniation caused by cercbral contusion with
subdural or intracerebral hematoma but, unfortunately, became VS
even though their lives were saved. Patients with diffuse brain injury,
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namely those patients who sometimes recovered from VS sponta-
neously before DBS therapy, were not included in our group of VS
patients treated with DBS. We have also followed up 18 patients
operated on for the treatment of severe head injury who stayed in VS
for at least 3 months, and none of these patients recovered from VS
spontaneously within 24 months. Although the details of brain injury
and resting brain functions in traumatic injury patients whose cases
were reviewed by The Multi-Society Task Force on PVS were not
provided, we speculate that our traumatic injury patients have
different backgrounds from the patients whose cases were reviewed
by The Multi-Society Task Force on PVS.

Considering the persistence of physical limitations after the recovery
from VS treated with DBS therapy, a specific neurorehabilitation
program combined with DBS may be necessary to achieve physical and
motor functional recovery and sufficient benefits for VS patients.
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Abstract

A 71-year-old woman with a 25-year history of levodopa (LD)-responsive Parkinson’s disease (PD) de-
veloped on-off motor fluctuation and severe peak dose dyskinesia. She underwent deep brain stimula-
tion of the subthalamic nuclens (STN-DBS). STN-DBS induced attenuation of her cardinal PD sym-
ptoms and marked improvement of dyskinesia without reduction of LD dosage perioperatively. STN-
DBS thus markedly attenuated the cardinal symptoms of PD. LD-induced dyskinesia can also be con-
trolled via reduction of LD dosage as an indirect effect of STN-DBS. The present case provides evidence
of the direct antidyskinetic effect of STN-DBS, and suggests that LD-induced dyskinesia can be inhibit-

ed by stimulation in the area above the STN.

Key words: deep brain stimulation of subthalamic nucleus, dyskinesia, Parkinson’s disease,

antidyskinetic effect,

Introduction

Deep brain stimulation of the subthalamic nucleus (STN-
DBS) induces attenuation of the cardinal symptoms of
Parkinson’s disease (PD) during off-periods as well as
dopa-induced dyskinesia,#211-13) Relief of dopa-induced
dyskinesia after STN-DBS is believed to depend on
postoperative reduction of dopaminergic medication,®
but STN-DBS may directly decrease dopa-induced dys-
kinesia.?510.19) We describe a patient with PD whose dopa-
induced dyskinesia improved after STN-DBS.

Case Report

A 71-year-old woman with a 25-year history of levodopa
(LD)-responsive PD developed on-off motor fluctuation
and peak dose dyskinesia with an LD dose of 500 mg/day.
She had suffered fracture of her left femur 11 years previ-
ously and had difficulty with ambulation due to contrac-
ture of her left lower extremity. About 30~60 minutes after
each administration of LD, choreiform dyskinesia devel-
oped and persisted for 1 hour. Motor score on the United
Parkinson's Disease Rating Scale (UPDRS) motor score
was 38 in the off-condition and 28 in the on-condition.
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Dyskinesia score (six body parts, each scored 0-4, maxi-
mum score 24} was 17 in the on-condition.

Bilateral STN-DBS was performed. She continued to
receive medication perioperatively, except on the day of
the procedure. A tentative target was determined based on
magnetic resonance (MR) imaging using human brain at-
las software, single- and multi-unit extracellular record-
ing, and microstimulation. Model 3387 DBS electrodes
were implanted under microelectrode guidance without
complications. The electrodes were directed from the
frontal burr hole at an angle of 50° to the horizontal plane.

Postoperative MR imaging demonstrated correct place-
ment of the electrodes (Fig. 1). Two of the four contacts
(contacts 0 and 1) were within the STN. Contacts 2 and 3
were located in the area above the STN including the Forel
H field and the zona incerta. While receiving the same
doses of antiparkinsonian drugs as preoperatively, the
patient underwent monopolar stimulation using contacts
0 to 3 as the cathode and a case as the anode. However,
dysarthria was observed using all contacts under low am-
plitude. Then she underwent bipolar stimulation using
contacts 0 to 2 as the cathode and contact 3 as the anode.
The intensity and frequency of stimulation were 1.8 V and
135 Hz, respectively, and the pulse width was 150 usec. No
adverse effect was observed under these conditions. Using
contact 0 or 1 as the cathode, her cardinal Parkinson sym-
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Fig. 1 Postoperative T,-weighted magnetic resonance image
showing contacts placed in the subthalamic nucleus and the
area above this nucleus.

Table 1 Correlation between position of the cathode and sym-
ptoms under bipolar stimulation

Cathode contact Rigidity Tremor Akinesia Dyskinesia

0 ! 1 i =
1 i 4 i -
2 1 l 1 H

Anode was contact 3. —: no change, l: decrease, |l: large
decrease.

ptoms were improved, although LD-induced dyskinesia
remained unchanged. In contrast, using contact 2 as the
cathode, both LD-induced dyskinesia and cardinal Parkin-
son symptoms were markedly attenuated (Table 1). The
dose of LD was gradually reduced, and the patient even-
tually received only dopamine agonist (cabergoline, total
dose 1.0 mg/day). The postoperative UPDRS motor score
was 27 and the dyskinesia score was 0.

Discussion

The antidyskinetic effect of STN-DBS is due to the
postoperative reduction of LD intake.3”'8 In contrast,
DBS of the globus pallidus internus (GPi) has a direct an-
tidyskinetic effect.’® GPi-DBS yields significant improve-
ment of LD-induced dyskinesia after surgery without
reduction of LD dosage. In our case, bipolar stimulation
for STN-DBS using contacts 0 or 1 as the cathode induced
attenuation of cardinal PD symptoms but not LD-induced
dyskinesia, whereas bipolar stimulation using contact 2 as
the cathode induced attenuation of both cardinal PD sym-
ptoms and LD-induced dyskinesia without reduction of
LD dosage. These findings suggest that stimulation in the
area above the STN inhibited LD-induced dyskinesia, con-
sistent with previous findings.?5810.14 Pallidothalamic,
pallidosubthalamic, and subthalamopallidal fibers are
densely distributed in the area above the STN.1 Further-
more, a study using tracer techniques in the squirrel

monkey demonstrated that pallidothalamic fibers originat-
ing within the sensorimotor region of the GPi mainly
project through the lenticular fasciculus, running through
the area above the STN.? Stimulation of these fibers may
have effects similar to GPi-DBS and thus inhibit dopa-in-
duced dyskinesia.
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Abstract
Background: Perinatal anoxia rarely causes myoclonus as
the main neurologic abnormality. The exact neuronal mech-
anism underlying myoclonus induced by perinatal anoxia
remains unknown. Some studies have indicated that the
development of involuntary movements may be related to
the maturation of the thalamus after birth. Objectives and
Methods: Here, we describe the first case of a patient who
developed action myoclonus after experiencing perinatal
anoxia and was successfully treated by chronic deep brain
stimulation (DBS) of the thalamus (thalamic DBS). Results
and Conclusion: The effectiveness of chronic thalamic DBS
in this patient supports the concept of involvement of the
thalamus in postperinatal anoxic myoclonus.

Copyright © 2010 S. Karger AG, Basel

introduction

Myoclonus is rarely the main neurologic sequela of
perinatal anoxia [1-3]; it is more commonly observed af-
ter brain anoxia in adults [1-3]. Deep brain stimulation
(DBS) of the thalamus (thalamic DBS) is effective for the
treatment of tremors [4-13]. Furthermore, thalamic DBS
has been reported to effectively control various other in-
voluntary movements such as hemiballismus [8, 14], writ-
er’s cramp [15] (which is a type of dystonia) and chorea
associated with a case of cerebral palsy [16]. This treat-
ment has also been found to ameliorate myoclonic symp-
toms in patients with inherited myoclonus dystonia syn-
drome [17-19]. However, the effectiveness of DBS for the
treatment of myoclonus induced by perinatal anoxia has
not yet been studied. We report here the case of a patient
who developed action myoclonus as a result of perinatal
anoxia and was successfully treated by thalamic DBS.

Case Report

Patient History

A 36-year-old right-handed man presented with marked ag-
gravation of involuntary movements. The patient had a history of
perinatal hypoxia and was diagnosed as having floppyinfant syn-
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Fig. 1. Surface electromyography (EMG) of the deltoid and trape-
zius in the present patient. a Before surgery; recording of the pa-
tient attempting to hold his left arm in front of him. b After sur-
gery; recording during thalamic stimulation. The arrow indicates
the point at which the patient started to hold his left arm out in
front of him. (Note: the EMG amplitude scale differs between a
and b,)

drome at birth. He had an unsteady gait due to hypotonia of the
muscles of the lower limbs and required an orthotic for walking
between the ages of 12 and 18 months. He was diagnosed as hav-
ing cerebral palsy at 18 months of age. He developed slight invol-
untary movements of both his upper limbs at 4 years of age. At 13
years of age, these involuntary movements became markedly ag-
gravated; they subsequently progressed to jerky movements and
have worsened steadily with advancing age. He has undergone
treatment with several drugs, without any obvious effect. He was
therefore finally referred to our hospital for DBS surgery at 36
years of age.

On examination, jerky movements of both upper limbs, main-
ly the proximal limbs, were observed, with no cerebellar signs
such as hypotonia or hand ataxia. The involuntary movements
appeared occasionally at rest. The finger-to-nose test aggravated
the involuntary movements without ataxia. The involuntary
movements were stereotyped. Electromyography using surface
electrodes revealed irregular and repetitive burst discharges when
the patient performed any action, particularly elevation of the
arm or holding a cup (fig. 1a). The item of severity of myoclonus
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with action of the arm on the Unified Myoclonus Rating Scale
(UMRS) [20] was employed to evaluate the action myoclonus.
This item is scored as the product of scores for the frequency and
amplitude of myoclonus with action. The frequency of myoclonus
is scored as follows: no jerks per 10's, 0; <1 jerk per 10, 1;2 or 3
jerks per 10's, 2; 4-9 jerks per 10 s, 3; =10 jerks per 10 s, 4. The
amplitude of the worst myoclonus seen on finger-to-nose testing
is scored using the following procedure: ask the patient to hold
both arms forward with the palms down for 10 s, then ask the pa-
tient to extend both wrists for 10 s, then perform the finger-to-
nose test 4 times and finally, ask the patient to finish by leaving
his finger on his nose for 10 s. The movement is scored as follows:
zero, 0; trace movement only, 1; small-amplitude jerks, easily vis-
ible (<25% of maximum possible movement), 2; moderate-ampli-
tude jerks (25-75% of maximum possible movement), 3; large-
amplitude jerks (near maximum movement), 4. The score for the
severity of myoclonus with action of the arm on the UMRS was
12 for the left arm and 9 for the right arm.

Magnetic resonance (MR) imaging of the brain revealed slight
brain atrophy, without any other abnormalities. The involuntary
movements improved at rest and disappeared during sleep. There
was no known family history of movement disorder or other neu-
rological disease. We made plans to conduct surgery on the pa-
tient for implantation of a DBS electrode to treat the myoclonus,
and obtained the informed consent of the patient and his family.
‘We did not schedule the performance of bilateral surgery at one
time because we needed to confirm the effectiveness of DBS for
the patient. We therefore planned the introduction of an electrode
in the right thalamus first, since the involuntary movements of
the left hand were worse than those of the right hand.

Surgical Procedure

The surgical procedure was planned using MR images. Fol-
lowing the administration of a local anesthetic, a Leksell G head
frame (Elekta Instruments AB) was applied to the patient’s head.
The anterior commissure (AC) and posterior commissure (PC)
were identified using Leksell SurgiPlan® (Elekta Instruments
AB), a customized software program for functional stereotaxy.
An X-ray indicator (ElektaInstruments AB) was also employed to
identify the AC and PC on plain X-ray films, A burr hole was made
approximately 2.0 cm anterior to the coronal suture and approxi-
mately 2.5 cm lateral to the midline. Extracellular single- and
multiunit recordings were obtained using a semimicroelectrode
(0.4 MQ). With the intention of identifying the anterior border of
the nucleus ventrocaudalis (Vc), which constitutes the nucleus
ventralis intermedius (Vim)-Vc border, we directed the first tra-
jectory of the semimicroelectrode utilized for extracellular unit
recording toward the anterior aspect of the PC in lateral view and
at the level of the AC-PC line and 14.5 mm lateral to the midline.
Neuronal activity was also fed into an audiospeaker. The neuro-
nal activity was examined under various conditions such as so-
matic sensory stimulation and active movements. Neurons that
were activated in response to somatic sensory stimulation, that is,
in response to passive joint movements of the contralateral limb
without a response in skin deformation caused by the stimuli,
were classified as (1) deep sensory cells; and neurons that re-
sponded to light touch on the skin of the face and contralateral
limbs were classified as (2) cutaneous sensory cells. The Vim-Vc
border was defined physiologically as the anterior-most neurons
along a trajectory which was mapped such that >50% of the neu-
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ig. 2. Anatomical relationship between the thalamic nucleus and
‘DBS electrode. a A 14.5-mm lateral section from the Schalten-
‘brand-Wahren human brain atlas with the AC-PC length
“stretched to fit the coordinates obtained from the patient’s stereo-
tactic magnetic resonance images. STN = Subthalamic nucleus;
‘Voa = nucleus ventralis oralis anterior; Vop = nucleus ventralis
“oralis posterior.

‘ronslocated posterior to the trajectory were either deep or cutane-
“ous sensory neurons [21]. On the basis of observations made dur-
g our initial trajectory assessment, the Vim-Vc border was iden-
‘tified as a vertical line approximately 3 mm anterior to the PC.
“This identification was consistent with the Vim-Vc border deter-
ined based on the Schaltenbrand-Wahren atlas. The second tra-
‘ctory of the semimicroelectrode was directed toward a position
fi the Vim-Vc border at the level of the AC-PCline, 14.5 mm lat-
tal to the midline. The target was approached through the burr
ole at an angle of 52° to the horizontal plane of the AC-PC line.
ubsequently, the DBS electrode (model 3387; Medtronic Inc,
Ainn., USA) was implanted through the second trajectory using
tereotactic instruments, and a test stimulation was conducted
vith the DBS electrode in place. This electrode has 4 contacts that
re numbered sequentially from 0 to 3, with the most distal con-
t being 0 and the most proximal contact being 3. Each contact
'1.5 mm long, and the contacts are spaced 1.5 mm apart. The
S electrode was implanted to cover a wide region of the thala-
us, including not only the Vim but also the nucleus ventralis
lis (Vo).
Contact 0 was located at the Vim-Vc border; contact 1 in the
entral part of the Vim, and contacts 2 and 3 within the Vo (fig. 2).
st stimulations were performed for 4 days after completion of
procedure to confirm myoclonus suppression (fig. 1b). The
mulations showed that satisfactory control of the involuntary
‘ments had been achieved. Therefore, under general anesthe-
;an internal pulse generator (Soletra; Medtronic) was placedin
infraclavicular pocket and connected subcutaneously to the

‘halamic Stimulation for Myoclonus
er Perinatal Anoxia

Fig. 3. Location of bilateral DBS electrodes on magnetic reso-
nance (MR) imaging. Postoperative T;-weighted axial MR imag-
ing of the brain revealed the lead locations at the level of the AC-
PC commissural plane. The leads are visualized as dark circular
spots in the brain parenchyma.

DBS lead. After 2 weeks, another DBS electrode was implanted
into the left Vo/Vim, and a pulse generator was also implanted
using the method described above (fig. 3).

Postoperative Outcome

After the operations, we assessed the most effective combina-
tion of contacts of the electrode at a frequency of 135 Hz and a
pulse width of 0.21 ms. The voltage of stimulation was increased
to an upper limit where such adverse effects as paresthesia began
to appear. The effect of stimulation was evaluated with blinded
contact combinations.

The following combinations stimulated mainly the Vim
(fig. 2): contact 0 as the anode (+) and contact 1 as the cathode (=),
contact 1 as the cathode (-) and contact 2 as the anode (+), and
monopolar stimulation using contact 1 as the cathode (-); these
combinations had some effect on the myoclonus. However, the
strongest effect was achieved when contact 1 was the cathode (-)
and contact 3 was the anode (+); this combination activated a wide
area extending from the Vo to the Vim. When contact 0 located
in the Vc was used as the cathode (-), paresthesia was evoked by
alow intensity of stimulation. The optimal combinations were the
same on both sides. At the 24-month follow-up, the item of sever-
ity of myoclonus with action of the arm on the UMRS score was
reduced from 12/16 to 2/16 for the left arm and from 9/16 to 2/16
for the right arm (table 1).
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Table 1. Efficacy of thalamic DBS for myoclonus

Total score
(frequency X amplitude) 12 2 9 2
Frequency 2 3 2
Amplitude 3 1 3 1

The combination of electrode contacts used was as follows:
contact 1 as the cathode (-) and contact 3 as the anode (+).

Scores are between 0 (best) and 4 (worst) for frequency and
amplitude and between 0 (best) and 16 (worst) for total.

Discussion

Perinatal anoxia can, on rare occasions, induce myoc-
lonus as the main neurologic abnormality [1-3]. The de-
tailed pathophysiology of postperinatal anoxic myoclo-
nus remains unknown. Some reports have suggested that
the symptoms of myoclonus after perinatal anoxia of the
ascending efferents of the basal ganglia to the thalamus
and the thalamocortical pathways are not observed in the
first decade of life, despite the development of pathologi-
cal lesions specific to these symptoms [22, 23]. Moreover,
Sugama and Kusano [3] suggested that the development
of movement disorder due to perinatal anoxia may be re-
lated to the maturation of the thalamus after birth. Our
patient could thus have been in a thalamotomy-like state
during the infantile period because of the immaturity of
the thalamus. With advancing age, various involuntary
movements develop after the maturation of the thalamus
[3]. The effectiveness of chronic thalamic DBS in our pa-
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Cerebrospinal Stimulation and Low-dose Ketamine Drip Infusion
Therapy for the Treatment of Neuropathic Pain
Takamitsu Yamamoto"), Koichiro Sumi®, Toshiki OBucki®, Minoru Oraka?,
Toshikazu Kano?, Kazutaka Koayasui?), Hideki Osamva?,
Chikashi Fukava® and Yoichi Katayama?
PDivision of Applied System Neuroscience, Nihon Univrsity School of Medicine
DNeurological Surgery, Nihon Univrsity School of Medicine
) DFunctional Morphology, Nihon Univrsity School of Medicine
For the treatment of intractable neuropathic pain. drug challenge test is necessary and useful to examine the pharmaco-
logical background of the pain in each case. Based on the results of drug challenge test, we can select the candidates for
low-dose ketamine drip infusion (LDKDI) therapy and cerebrospinal stimulation therapy. In cerebrospinal stimulation
therapy, dual-lead spinal cord stimulation should be selected at first, since we can insert electrodes percutancously and
this is suitable for both the test stimulation and chronic implantation. For the treatment of peripheral deafferentation pain,
which includes phantom limb pain and peripheral nerve inj ury pain, deep brain stimulation therapy of the thalamic relay
nucleus is suitable. Motor cortex stimulation therapy is suitable for the treatment of central deafterentation pain, which
includes post-stroke pain. LDKDI therapy combined with cerebrospinal stimulation therapy achieves remarkable pain

reduction in the treatment of neuropathic pain.

Key words: Pain, SCS, DBS, MCS, Drug Challenge Test
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FHEEOROMEE T 0w ZRGEOERIC L - T, B
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BE WKL T3, 7, Post-stroke pain, LIRERE, Wi
ERBOBRE, SERNMEOREE Y, RIERERD
SRODEARIEE B0 7150 TR BT 2 b i
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b, YAARYE-VTF I, ¥RIVFALDIER
HOTVS. 72IVFAME, 52 CERR 2 Ji
#51%, FIRIC 5 9 RI0ET ketamine hydrochloride # §
mg, Gat 25 mg X THIRNEST5. BL T2 V7R
M &, FIERIC 5 5 fF8 T morphine hydrochloride 3 mg %
Bt 18 mg ETHIRARS TR, 7, FIFRVE—
7 A M, BT 50 mg 0 thiopental sodium % 5 5[4
ECEF 250 mg FTHIRARETZH, BRPTARL
e ad, FORFETHIES %, Visual Analogue Scale
(VAS) BN IE L, (RMIRSE1% VAS — Eits
I VAS) x 100% = %VAS & LT, %VAS H 60%LLF
Elxolebd, ThbbI-ER AT B LT, VASH
40%LL D UTe & D% sensitive i, 40%LIFDE 0%
resistant Bl & LT3, B ARy Z—)LF 2 b CAIR
ER/TE T VAS DEIL LEWIERIC D0, R
HREEOMIESL L LT3, E72, morphine-sensitive 7%
FEFNC DO TUEBIIA EA 4 ROB5EE57 5.

Post-stroke pain O EFEFEICH LTIk, 120 fileh 55 B
A ketamine-sensitive T, 65 A" ketamine-resistant T
BHofc. ketamine-sensitive Bf & ketamine-resistant BET
H#Z21T5 &, Table | DX Sic, THILREBEDRSH
B BT AR 2 TN 21 ketamine—resistant 7%
EFTHY, HEVEK, FER, BHR, WEEL OB
FEEWER & ketamine-resistant BETI 20%C 38D BN Tz
A, ketamine-sensitive TN 5.4% TH D, ketamine-
sensitive ZAEFICBOTIIMEL RO AVEDLE LS
hizo.

RAET 23 VEilaEE, FovyFvLUIF R
I T ketamine-sensitive ZHEFNI LT, 100 m/ DER
i€ 20 mg D7 25 —)L® (033 mg/Kg) BANZ, #1 K
WMFTRET A, E@EE 2 BRI cRTaERS
T4 5. HARGIERE< 709 2 (Ludiomil®) 10~
30 mg/day, 71w 8L (Lexotan®) 2~6 mg/day, #
NNV F Y (GABAPEN®) 600~2400 mg/day % # 53
%010, &7z morphine-sensitive TAE1A ¥4 A REHY
UTTHENICIE MS O VF 2 ® 30 me/day 1k ¥ 2153 3
(Table2). Fiz, AIBBPEIC DV, ARZZOSEH - i
KITASEBERER2ORKAEZETVS.

FAEE D 120 ) post-stroke pain ICHT Br &3V
TAPOFERTIE, BRMBICH LT 55 6 (45.8%) A
ketamine-sensitive T 7z, Fiz, HBEMOS My
EBRBDIEERIDORTE, $HTRETOF =7 NEL
HIHEN TV, ChEDORRERETEE, r&3
V& 120 D post-stroke pain DT, 63 il (52.5%) i<
ANTHB LRI N £z, BRBICNLT
ketamine-sensitive TH o7z S5 FIODr ZI 7 X D
Bazigs s L, Y25 — 20 mg DFEICE->T
VAS BT 70%LLERHA L, FRULEOBEREYH
WTBHSDEELERBD I o7 (Fig. 1). 2T, &

PREEREIAERATOTENY | IGTRRAR R & B A & S O e 177

Table 1 Drug challenge test with ketamine for
spontaneous pain

ketamine -sensitive -resistant
Total caces 55 65
Adverse effects
Unpleasant sensation 0 17
and/or psychological
reactions (0%) (26.1%)
Dizziness 2 3
Light headache 0 3
Fatigue 0 3
Nausea 1 2

(5.4%) (20.0%)

Table2 Low-dose ketamine drip infusion
(LDKI) therapy
{Nihon Univ.)

LB 100 me + 7 25— 20 mg (0.33 mg/ke)
| BRI T AR, 23 1 B

2. VY 2 AU (Maprotiline p.o. 10-30 mg/day)

3. L&Y 4 2 (Bromazepam p.o. 2-6 mgjday)

4. 77137/ (Gabapentin p.o. 600-2400 mg/day)

H&E 2 3 VRIgREC B 3 7 25—V OS5 8%
20 mg (0.33 mg/Kg) & H#5E LY.

KRB IR T 5 MRS T, 23 firh
20 5l (87%) 7 ketamine-sensitive T 0, HIHHESRIC
B2 1T B il et i EsE L T S i 4730
MEERTH oz, Thud, R RICIBERN2
BB MEREMARIC LT, R B
2H T BRERN CEMERROANRNEERE LT
AP N

RZ9 7F ¥ L2 UF AP E 5 T ketamine-sensitive
T, low-dose ketamine SURHEZ HE{T L7z 55 HlOME
T, sRGHRICH S AN B AIEIE N5 FERERFRTE 3
K 5 6 RFEIMMRE £ <, 24 RERILIAA 69.0%
THoTH, 24 BRI LRETT 5006 31.0%FH L
(Fig. 2). 7=, EWHRSIcX D7 & 2 VRO
WTOBETE, 20mg THGELZ 26, 67 FtdE
20mg 1940, 21~30mg A5 #, 10~19mg H' 2
T, BV 3DX S AHEIZED - HRIE, W8
BRSO RIIIZIAIE 1T OICICHH TS % &
HZ LN A0,

THEI VT A M X o B0 LR BT 3N
FHELIEN, BRET Z 3V SiEgEd ketamine-sensi-
tive BIEBICITH T D, FEHOELDRH /x5 HE,
& LER X BBl Es chH -t T, TOES
ERERIT B R S Gl B SISO #H e k> Ta >

b= UASE[RECH o e, — RIS 2 5 —ILVDBIWERIA
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0 5 10 15 20 25 30 35 40 45 50 55 60 (min)
Ketamine NaciNaci 5 5 5 5 5mg

Total ¢ o _5 10 15 20 25mg
Figl FI9IFxLUOFAM(r&S5—i)

%VAS = (UL 510 VAS/ S 5810 VAS) x 100. B RSEICH LT Ketamine-sensitive Ji
il (N = 55) DF 2 b DOFEl% Tty b LD,

69.0% 31.0%
i8¢
16¥ Low-dose ketamine drip infusion for
ketamine-sensitive case (n=55 ]
Patients 14 case (n=8) .

3-8h 6-24h 2days 3days Addays Sdays Bdays Tdays

ik
1~3h
Duration of pain reduction
Fig.2 Low-dose ketamine BUMH#HEIC X 2 MBI E DRSS,

HRMEND T EBBVY, BIEEIHET 3 EME kS

B ketamine-resistant DIEMTH Y, WYL ES v &

Fr LY ITFRAMETS T EDLBEEREHELIZ.
BRIET 2 3 0 SiaE ol SR oD E:

/ BROMER IS BIERSRE SN TEBY, ¥23 Y
EOHEFHREFFE LB,

II. FEERBUEE (Spinal Cord Stimulation)

JERITE R 2 RIS B T & DNEIS O3 S
THH, ThiCko THMNERERBLONZ LV E
BIAZ . iz, central sensitization DFRFEIC & HENT
HBHLEILNTVERZY, HEKE LT, 5D,

FIREH, FITAPATERAOD, KHTEERTEE
CIDTEHANRRYF NI, HREED S OIEE T 3

PRI C I3 AR BZ A ARV BT ERRR 3T A
TRHIEMNTRETHHOT, BRCHBIBETSC &
BATEZREDHS. FERETE, BB X
% paresthesia 55 L, JEHOFEICIE paresthesia 2 35
FRUERWE S ICEBEE RS Z20PRBOAETHS.
UL, BN U 1 AOReae iy
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IPG: I trel 3 IPG: Synergy

Old SCS Single-lead SCS Dual-lead-SCS

Fig. 3A HREHE0LEE
WO BRERIEEE T, PR | &
B RERA 4 (RS B BRI
A DRSS 4 BT 2 FIERIMEEE 2 AFBRERINCIIA L, | BOMRSEEICERT S
(Dual-lead SCS).

Dual-lead stim. Dual-lead stim. Single-lead stim.

(+)]

S HE RN NN B AN RS AN NSRS AR B NS
FEN RN NEPA SN NES NG RANERS AN RSB
NS BRSNS AN S NS N NN NN NN YRR ERE

R RS ARAR AU ARV USE U RUINS IR UN A

Fig. 3B Dual-lead SCS & Single-lead SCS

Single-lead F & 272 1), Dual-lead FB TIX BRI TORBNTEECH D, HBUCH U TR
MORIRELTS C EAHRD. 7 2 AOTERE D 4 CRER L T8 MBI i 3
ZENTES.

FETIERRADD - # L TR I IR E h e 29 Bilic ot LT 7 X bR TRV, 24 Hlext U TR
YU, 2 EROHTEA ALz Dual-lead HRARIC £ B Dual-lead SCS ZH{ifT Lfz. Dual-lead
Spinal Cord Stimulation DA[#E L % 0, EHERE O D SCS DOFHRE VAS ORABEE Lic, Excellent (61-
BVRBHBOTRERT BT Lic k> T, TN 100%0 VAS 7). Good (31-60%0) VAS 74, Fair
ICBRAG U7z paresthesia Z#EA S 2 OAVAES & 7o 7z (Fig (0-30%0D VAS 4 ic /0369 % &, Post-stroke pain T
3)- id Excellent 15 2 ], Good A% 6 i, Fair 4 ffi], Failed-
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