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INTRODUCTION

Although more than a century has
passed since the 1906 report by Dejerine
and Roussy 7 describing post—stroke pain,
such pain still remains one of the most
difficult to treat clinically. The results of
experimental studies on neuropathic pain
have revealed the importance of excitatory
amino acids (EAAs) in synaptic transmis-
sion and injury-induced neuroplasticity >
23,30) The N—methyl-D-aspartate (NMDA)
receptor is considered to be involved in
sustained nociceptive transmission and in
central sensitization 283 particularly
after sensory input has been deafferented *
12), Ketamine acts as a noncompetitive
antagonist at the NMDA receptor 29, and
NMDA receptors activated by the EAA
glutamate are involved in central sensiti-
zation, the wind-up phenomenon, and
allodynia of neuropathic pain 46,8.10:14,28,33),

(Clinical studies have demonstrated that
systematic administration of ketamine is
an effective treatment for complex regional
pain syndrome (CRPS) 51%), phantom
limb pain 25, spinal cord injury pain 9,
and orofacial pain 2V; however, there had
only been a limited number of studies on
patients with post-stroke pain. In 1994,
Backonja et al.  reported that 2 patients
suffering from post-stroke pain experi-
enced an analgesic effect of ketamine. In
2001, Vick and Lamer 3% described a case
in which post-stroke pain was successful-
ly treated with oral ketamine after an in-
travenous ketamine trial. In 1997, we re-
ported the results of drug challenge tests
with morphine, thiopental, and ketamine
in post-stroke pain patients 59, and
showed that 11 (47.83%) of 23 patients ex-
perienced a pain reduction of greater than
40% on a visual analogue scale (VAS).
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In this study, we examined the effect
of ketamine on post-stroke pain patients
using the drug challenge test and low—
dose ketamine drip infusion (LDKDI)
method.

MATERIALS AND METHODS

Patients population

A total of 120 post-stroke pain patients,
with hemorrhage or infarct in the thalamic
area (thalamic lesions), the posterior limb
of the internal capsule, the subcortical
parietal area excluding the thalamus
(suprathalamic lesions), or the brainstem
area, clearly identified by magnetic reso-
nance imaging, were the subjects of the
drug challenge test with ketamine. There
were 67 males and 53 females, aged 25 — 79
years (mean, 59.2 years). All the patients
had intractable pain associated with
dysesthesia. They complained of sponta-
neous pain of great intensity, which they
described as burning, tearing, or deep

~ boring pain primarily in the upper and

lower extremities (Table 1).

The present study involving a drug
challenge test and LDKDI for post-stroke
pain patients was approved by the
Committee for Clinical Trials and
Research in Humans of Nihon University,
Tokyo, Japan. Informed consent was ob-
tained from all 120 patients in this study.
Thus, this study conforms with the inter-
nationally adopted ethical standards for
the performance of clinical treatment and
research (Declaration of Helsinki).

Drug challenge test with ketamine

For a single blind test with ketamine,
saline was first injected twice at an interval
of 5 min to investigate the placebo effect.
Subsequently, 5 mg of ketamine hydrochlo-
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Table 1 Characteristics of 120 patients with post— blind test of saline drip infusion and the
stroke pain evaluated by the drug challenge test with LDKDI trial. For the LDKDI trial. about

ketamine, and 55 patients evaluated by low—dose

ketamine drip infusion (LDKDI)

20 mg of ketamine hydrochloride (0.31 mg/

Drug challenge test .

kg in each patient) added to 100 ml of
saline was administered intravenously by
1-hour drip infusion,

On the first day, 100 ml of saline was
administered intravenously by 1-hour drip

infusion to investigate the placebo effect.
On the second day, we first determined

: " . with ketamine: - LDKD Itmal
Age (years) 25179 46 - 75
{mean, 59.2) (mean, 59.5)
Gender M 67 38
F 53 17
Total 120 55

whether patients had experienced any ob-
vious pain reduction from the previous

ride was given every 5 min until a total of
25 mg had been administered. The pain
level was recorded on the VAS at intervals
of 5 min, and the change in the VAS was
expressed as a %VAS, calculated as (VAS
after ketamine injection / VAS before
ketamine injection) x 100%. The %VAS
was plotted on the evaluation sheet. In
addition, the examiner continued to talk
with the individual patients about their
sensation of pain and surroundings to
monitor the level of consciousness and
clarity of thought. For patients who dis-
played psychological reactions such as
hallucinations or severe emotional expres-
sion during the test, detailed recordings
were kept for further assessment. In these
patients, only the results that were recorded
before the appearance of such psycho-
logical reactions were used to estimate
the pain level. A reduction of over 40% in
the pain level, compared with that before
ketamine injection, was judged to repre-
sent ketamine-sensitivity, and the others
were judged as ketamine-resistant 39,

Saline drip infusion and low-dose
ketamine drip infusion

Fifty-five patients who were sensitive
to ketamine and showed reduction of
spontaneous pain participated in the single

day’s drip infusion. After that, LDKDI
was performed intravenously by 1-hour
drip infusion. On the third day, we first
determined whether patients had experi-
enced any obvious pain reduction from
the previous day’s drip infusion. If patients
had experienced obvious pain reduction
from the previous day’s drip infusion, we
recorded how long that pain reduction
persisted. If obvious pain reduction con-
tinued for over 24 hours, we also recorded
its duration. In addition, we also checked on
all 55 patients whether they wished to con-
tinue second day’s drip infusion (LDKDI),

These 55 patients included individuals
with post—stroke pain caused by cerebral
hemorrhage (34 patients) and cerebral in-
farct (21 patients). There were 38 males
and 17 females, aged 46 — 75 years (mean,
59.5 years) (Table 1).

Statistical analysis

Ketamine—sensitive and ketamine-re-
sistant patients with comparable brain in-
jury sites and causes of brain injury were
examined using the chi-square test for in-
dependence and Fisher’s exact probability
test, and the threshold for significance
was set at p<0.05.
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Fig.1 Changes in %VAS caused by the drug challenge
test with ketamine.

Each calculated point of the %VAS is the average of 55
ketamine—sensitive patients with regard to spontaneous
pain. Saline was first injected twice at an interval of 5 min
to investigate the placebo effect. Subsequently, 5 mg of
ketamine hydrochloride was given every 5 min until a total
of 25 mg had been administered. Data are presented as the
mean + standard deviation.
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RESULTS

Drug challenge test

Among the 120 patients with post—
stroke pain, 55 (45.8%) were evaluated as
ketamine—sensitive with regard to their
spontaneous pain. In addition, 8 patients
(8.7%) who did not experience a decrease
in spontaneous pain revealed a marked
reduction of allodynia in the extremities.
In total, 63 cases (52.5%) out of the 120
post—stroke pain patients were thus evalu-
ated as ketamine-sensitive. The changes
in %VAS from the ketamine test are plotted
in Fig.1, and each calculated point of the
%VAS is the average of the 55 patients
who were evaluated as ketamine-sensitive
with regard to their spontaneous pain. In
the drug challenge test of ketamine-sen-
sitive patients with regard to their spon-
taneous pain, the %VAS was reduced by
over 70% when a total of 20 mg of ketamine

Table 2 Comparison between ketamine—sensitive and ketamine—resistant patients with regard to

lesion site and cause of lesion

Drug challenge test with ketamine -

" Diggnosis, 1 , oD
L ketamine-sensitive - - ketamine—resistant
Supratentorial region 114 53 61
Thalamic region 75 37 38
Hemorrhage 50 22 28
Infarct 25 15 10
Suprathalamic region 39 16 23
Hemorrhage 29 i1 18
Infarct 10 5 5
Infratentorial region 8 2 4
Hemorrhage 4 1 3
Infarct 2 1 1
Total 120 55 6b

Statistical analyses among supratentorial region and infratentorial region, thalamic region and suprathalamic
region, and hemorrhage and infarct in each region were all determined to be nonsignificant hy the chi-square

test for indopendence and Fisher’s exact probability test.
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Fig.2 Duration of direct and obvious pain reduction experienced
by each patient following low—dose ketamine drip infusion

(LDKDI).

was injected. However, increasing the
amount of ketamine to 25 mg did not in-
crease the %VAS reduction.

Statistical analyses among supra-
tentorial region and infratentorial region,
thalamic region and suprathalamic region,
and hemorrhage and infarct in each region
were all determined to be nonsignificant
(Table 2).

Saline drip infusion and low-dose
ketamine drip infusion

As mentioned, the 55 patients who
participated in the trial of saline drip in-
fusion and LDKDI were all ketamine—
sensitive with regard to their sponta-
neous pain. None of the 55 patients re-
ported clear pain reduction after saline
drip infusion. On the other hand, all 55
patients reported obvious pain reduction
by LDKDI. The duration in which pa-
tients experienced pain reduction caused
by LDKDI ranged from 1 to 6 hours in 27
patients (49%) and experienced in 38 pa-
tients (69.0%) up to 24 hours. In contrast,
17 (31%) of 55 patients experienced pain
reduction lasting over 24 hours, and 4

(7.2%) of the 55 patients experienced pain
reduction lasting about 1 week (Fig.2).
LDKDI induced few adverse effects in
these patients, and 52 (94.5%) of the 55
patients wished to continue LDKDI for
the treatment of post—stroke pain.

Adverse effects

Among the 120 patients with post—
stroke pain, 65 (54.2%) were evaluated as
ketamine-vesistant, in which the %VAS
reduction of spontaneous pain was under
40%. There were 17 ketamine—resistant
patients who complained of an increase in
the severity of pain. These 17 patients
complained of severe unpleasant sensa-
tions and displayed psychological reac-
tions such as hallucinations or emotional
expression during the drug challenge test
with ketamine. When such adverse ef-
fects were observed, the drug challenge
test was discontinued. On the other hand,
no ketamine-sensitive patients complained
of unpleasant sensations or displayed
psychological reactions. Thirteen patients
complained of dizziness, light headache,
fatigue, or nausea during the drug chal-

— 211 —




196

PAIN RESEARCH Vol.24 No.4 2009

Table 3 Adverse effects that appeared in drug challenge test

Drug challenge test with ketamine for spontaneous pain

" ketamine—sensitive. - ketamine-resistant

Total cases

Adverse effects

Severe unpleagant sensation and/or psychological reactions

Dizziness
Light headache
Fatigue

Nausea

55 65

=R - =
DWW O

%;
i
[

lenge test, but most of these cases were
ketamine-resistant (Table 3). Of the 55
ketamine-sensitive patients, only 3 com-
plained of dizziness or nausea caused by
LDKDI. For these 3 patients, the speed
of the drip infusion was decreased or
stopped for a while, and all patients could
continue the LDKDI.

DISCUSSION

In 1997, we performed morphine,
thiopental and ketamine tests in an at-
tempt to clarify the neurochemical back-
ground of post-stroke pain and to under-
take a pharmacological analysis 36
Morphine is generally non-effective for
neuropathic pain, but can be effective for
nociceptive pain. The morphine test may
thus be useful for assessing nociceptive
pain, which is usually caused by joint dis-
location, arthralgia and muscle contraction
in post~stroke pain patients. Thiopental is
an ultrashort-acting barbiturate, and
patients usually fall asleep during the
thiopental test. In our experience, 17% of
post—stroke patients did not experience
pain reduction at all, as assessed by VAS,
even at the time immediately before
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falling asleep, and these patients also ex-
perienced no pain reduction following
cerebrospinal stimulation therapy. Not
only the ketamine test but also morphine
and thiamylal tests are useful to clinically
determine the mode of treatment. In the
ketamine test, we intended to examine
the effects of ketamine from a small dosage
to a large dosage, and thus administered
5 mg of ketamine hydrochloride-every b
min until a total of 25 mg was reached.
In the ketamine test for ketamine-sensi-
tive patients, the %VAS was reduced by
over 70% when a total of 20 mg of ketamine
was administered, but 25 mg of ketamine
did not further increase the %VAS reduc-
tion. On the basis of these results, we de-
termined that the amount of ketamine
hydrochloride to be used in the LDKDI
trial would be 20 mg.

Ketamine acts as a noncompetitive
antagonist at the NMDA receptor site,
and it has been suggested that analgesic
effects are mediated at this site, particular-
ly for intractable pain following sensory
input deafferentation 3. It is also reported
that gabapentin can reduce excitatory
neurotransmitter- release at the nerve
terminals and in the dorsal horn 152731,
Such reduced release of EAA caused by
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gabapentin seems ideal with the com-
bined effect of ketamine, which blocks the
NMDA receptor of the EAA. Furthermore,
recent reports have indicated satisfactory
pain relief following intravenous and intra-
thecal injections of ketamine in patients
with neuropathic pain 2092, CRPS 513),
phantom limb pain 2%, spinal cord injury
pain ¥, and orofacial pain 2V, Although
there had only been a limited number of
investigations on patients with post—
stroke pain, this study indicated that
about half of post-stroke pain patients
can be treated with LDKDI without serious
adverse effects, if candidates are selected
on the basis of the drug challenge test. In
addition, we can expect more effective
results using LDKDI in combination with
gabapentin and antidepressant drugs.
Such a new combined therapy has the
possibility to increase the therapeutic ef-
fects on post—stroke pain.

In previous reports, adverse effects
caused by ketamine infusion were found
to be common, and included somnolence,
dizziness, changes in vision, hallucina-
tions, and balance difficulties 19, When
we performed the drug challenge test
with ketamine, patients sometimes dis-
played psychological reactions such as
hallucinations, severe emotional expres-
sion, or unpleasant sensations, but such
patients were ketamine-resistant. For the
LDKDI study, we selected only ketanyine—
sensitive patients, on the basis of the drug
challenge test, and employed drip infu-
sion therapy over a period of 60 min or
longer while monitoring the patient’s re-
sponses. This may be the reason our
LDKDI caused few adverse effects and 52
(94.5%) out of the 55 post—stroke pain
patients wished to continue the LDKDI.
Although the duration of clear pain reduc-
tion following LDKDI was generally sev-

eral hours, most LDKDI patients were
satisfled and hoped to continue the
LDKDI. On the basis of these results,
relief from central sensitization 2889
should be considered in ketamine—sensi-
tive cases.

Following the pioneering publication
of Dejerine and Roussy 7, the thalamus
has commonly been implicated in the
pathogenesis of post—stroke pain, Although
more than a century has already passed
since their report, post-stroke pain still
remains one of the most difficult types of
pain to treat clinically. The finding that
only about half of the post—stroke patients
examined in this study were ketamine-
sensitive reflects the complex pharmaco-
logical background and difficulties associ-
ated with freating post-stroke pain.
Cerebrospinal stimulation therapy, which
includes spinal cord stimulation (SCS) 18),
deep brain stimulation (DBS) 17, and
motor cortex stimulation (MCS) 16,22,24,29,
89 has been utilized for the treatment of
post—stroke pain. Usually, SCS and DBS
therapies are not recommended for the
treatment of patients with post-stroke
pain, In contrast to SCS and DBS thera-
pies, MCS was first reported for the treat-
ment of post—stroke pain 3%, and numerous
researchers have subsequently examined
its effectiveness for post—stroke pain 1%
16,22,24,29)  In most studies, the long—term
success rate for pain alleviation was still
about 50%. For ketamine—sensitive pa-
tients, we can apply LDKDI combined
with cerebrospinal stimulation., On the
basis of the results of the drug challenge
test, we expect that LDKDI therapy can
be used for the treatment of post-stroke
pain, and that LDKDI can enhance the ef-
fects of SCS, DBS, and MCS in the treat-
ment of post—stroke pain.
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Abstract

Objective, Based on the results of a drug-challenge test with ketamine, we applied low—dose
ketamine drip infusion (LDKI) therapy combined with dual-lead spinals cord stimulation
therapy (Dual-SCS) for the treatment of various kinds of neuropathic pain. We report about
benefits of this combined therapy.

Methods. In the drug—challenge test with ketamine, 5 mg of ketamine hydrochloride (i.v.)
was given every 5 min up to 25 mg. Ketamine hydrochloride (0.33 mg/kg) added to 100 ml of
saline was administered intravenously by 1-hour drip infusion every 2 weeks for LDKI therapy.
Combined with this LDKI therapy, Dual-lead SCS therapy was applied for the treatment of
various kinds of neuropathic pain, C

Results. Comparing with single-lead SCS, Dual-lead SCS had obvious advantages to evoke
paresthesia restricted only over the painful area. LDKI therapy directly and markedly reduced
the intractable pain from 1 hour to 8 days, and also increased the effects of Dual-lead SCS for
CRPS, failed-back syndrome, post—stroke pain, and phantom limb pain.

Conclusion, Dual-lead SCS combined with LDKI therapy is useful for the treatment of
various kinds of neuropathic pain. Even if the direct effect of ketamine is transient, effects
that provide release from central sensitization and the wind-up phenomenon may be impor-
tant to increase the effects of Dual-lead SCS.

Key words: Spinal cord stimulation; Neuropathic pain; Ketamine; Dual-lead stimulation
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FIGBAHBRT 2 e PBRE LI, ol
B HAEE T I VBNMDA L7 5 — 0
TRy H—Thbry IVl THHlENS
ZEMRETE R TG 3A61418) ¥ 7‘: IR Ry
WHROBOEHBRICHEAT 2 central sensii-
zation K35 % I YoRESMES LT
% 21521)

FRCH, FIyyFr Ly VTR BM
ORI FE W 7= Jow-dose ketamine 3T L
¥ Dual-lead % Jfl v 72 4 BRI SO B 0 PR AR
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(ARKZRAPIEIE)

Frg—n7 AL, SAMBTERE2H
e 518, FFRIC 5 9 RilE C ketamine hydrochloride
% 5mg, & 25 mg ¥ CHHIRMIRY- 3 5, €N
B A7 A M, M5 2B T morphine
hydrochloride 3 mg % 8l 18 mg & THHIRNEX
HU, ¥44~_y&—nF R b, AR 50mg
@ thiopental sodium %, 5 %K & 250 mg
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VAS + MR E-H O VAS) x 100% = %VAS
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LA L7 b D% sensitive case, 40% UT® %)
@ % resistant case & LT\ 5, N L |
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Dual-lead SCS combined with low—dose ketamine 1

Table 1 Low-dose ketamine drip infusion (LDKI)
therapy (Nihon Univ.)

1. Saline 100 ml + ketamine 20 mg (0.33 mg/kg)
1 hour drip infusion, every 2 weeks

2. Antidepressant (Maprotiline p.o. 30 mg/day)
3. Benzodiazepine (Bromazepam p.o. 6 mg/day)

4. Anticonvulsant (Gabapentin p.o. 600 — 1200
mg/day)

7% & (Lexotan®) 6 mg/day, # %~ ¥ F v
(GABAPEN®) 600~1200 mg/day % #4-L 7=,
% 72 morphine-sensitive T ¥4 4 F & 5

ZLAEMICEMS 229 »® 30mg/day %%  Fig.d Various types of electrodes location.
s o - A: Rt. upper extremity (Post-stroke pain), B: Bil. Lower
5 L7 (Table1), Afizﬁﬁ‘fl\%\.ﬂb"{'&i, A extremitios (Failed-back pain), C: Rt. upper extremity

TR - BRI R ERH & 0 &S (Phantom limb pain), D: Bil. Lower extremities and waist
RPEEIRFM %m@bbﬁﬁﬁi =ORiBE (CRFS), E: Rt. lower extremity (Post-stroke pain).

?%‘7’::0‘
3. YFY ?ﬁﬂiﬁflﬁﬁ’&}ﬁb‘t Dual-lead SCS

FHNERIE, VY b7 Y BRTICHMNE
WS 2 T T, RRBCIY B BRI SV i 3 A
Lo 2RDERDEF 8 » FIOMBA,
BOMBR RN, BBORBERA 2 %L
720

Dual-lead SCS % 1T U 7o 4l k40 1,
post-stroke pain 6 #, failed-back syndrome 4 4,
CRPS 24, phantom limb pain 1#0C, #ithic
low-dose ketamine SINHEZHE L=,

R

1. Dual-lead DEBF %

13 U2 TR AL I BUR L 7= paresthesia
EHERT B LW TH - 72, Duallead @
HEBC>w TR, 1) AEEOB LW #
A % post-stroke pain OREFITE, FEMHERITER

DEFMLEL Y CPFFTR2KOBR & HA
L, BRI LR OEIGEIC paresthesia % 3
BTHILNTE) (Figl-A), 2) MTFHES
# 2 % failed-back pain DIEFTIE, T Mo

W2ROEBEMAL, WTMEORESHI
paresthesia #5563 % = L 3T X 7= (Fig.1-B),
3) 5 EBEHEER 0T & B2 HfFI & 545 it
KIBSRER <k, BRI > 240BE
ZHHORM & BEICIFA UCRBRYE o il %
I XoT, LIMLOFBALIC paresthesia &
FHRTBCLFTEL (Figl-C)o 4) WTFHKD
CRPS LR 2 2 2RI Ti, 2K BH %
5 8 I & 45 10 fole % CAlBRAICEIE L, B
fB & M MK paresthesia 235367 5 & L B3¢ &
72 (Fig1-D)o 5) ATHOBWLWER L EHE
9" % post-stroke pain FEFIZXF LT, FHMIH
P 2 ADTYBEA WAL, Wi B,
BREOWMBRERINT L Lic kY, THRON
I & R paresthesia #5563 4 = L 0T 7=
(Fig.1-E), '
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C

Synergy
[ channel 1 stim.
= Channel 2 stim.

Fig.2 Dual-lead SCS for the treatment of post-stroke
pain.

A: Combination of stimulation points with channel 1 (Right).
Area of paresthesia evoked by channel 1 stimulation (Left)
B: Combination of stimulation points with channel 2 (Right).
Area of paresthesia evoked by channel 2 stimulation (Left)
C: Employing Synergy stimulator, channel 1 and channel 2
can be used separately with different intensity and dura-
tion, and with same frequency.

‘Caise of Pain .

Yo:1- 2009

Table 2 Results of Dual-lead stimulation therapy
combined with low-dose ketamine drip infusion
therapy

Excellent: 61 — 100% VAS reduction
Good: 31 — 60% VAS reduction
Fair: 0 — 80% VAS reduction

Nomber  Result

Post-stroke pain 6 cases  (Good 3, Fair 3)

Failed—back pain 4 cases  (Excellent 1,
Good 2, Fair 1)

CRPS 2cases  (Good 2)
Phantom limb pain 1 case (Good 1)

VIR I-HHERR, FYYRAMIEF Y
ANV 2 ORFEREIHEBE L TITH &N TE
b0 iz, BIBEEFEUL LA, Frrihn
1&2T¢ZhZFNRBEORBIRE & G2 R
WP TED, Fig2-AlxFv 321l
OB ERAL & paresthesia AR S 1 B FAL,
Fig.2-B &5 v » 3V 2 OFIPTEAL & paresthe-
slaBFERENLZEMERL TS, VFY—
FBEE 8 % I\ C Dual-SCS 2475 C 212 & o
T, ChETRERECTH o 2 FVKONH & 85
V2 [ RG 4Z paresthesia A 5T 5 2 L bR
oz (Fig2-C), -
2. Dual-lead SCS & low-dose ketamine
STEEEOGHARME
Dual-lead SCS OFj# % VAS ORAHE b &
i, Excellent(61% 2L E), Good(60~31%), Fair
(30% BAT) 2538 L 72, Jow-dose ketamine @
FIFEMIC RO, & 3 Y REWOFE T,
post-stroke pain "C i Good 4% 3, Fair 3 1,
failed—baék pain T i% Excellent 1 #, Good 2
#, Fair 141, CRPS T Good 2 B, phantom
limb pain Ti& Good 11 Tdh - 7= (Table 2},
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Dual-lead SCS combined with low—dose ketamine

13HOHT, VAS @R ED & Dual-lead SCS
DIRP Fair LR ENL S DONR4PFEHE L
H, THhoDER D E D T4EH T low-dose
ketamine FIHE T/ L WIEE OB & 20,
Dual-lead SCS DR R S AHE T 5 2 L AT
&7

® =B

#h& D D 110 @ post-stroke pain 2335 7
55 —N7 A MOWECE, 52481 (47.3%) #t
E1 3835 7 B3
LY BrRD VAR TH, 8HITR
TuFz7FEELLIRH STz, chdo
WREBAETZ L, &% 9—i& 110 10 post-

ketamine-sensitive 'T&H - 2o T 7=,

stroke pain OHC, 60F) 545%) IEFTH B

C EAER S NIz, %72, ketamine-sensitive
BT, 79— 20 mg D5 X o T VAS
PUODURLERASL, thloRsEL2Hn
THHOPLELERD TP o 20T, low-dose
ketamine ST DB % 20 mg (0.33 mgrkg) I 8
L7:2520, X 542, Lketamine-sensitive 72 i
B KIBOE, MR & LR CEE R
HT o UERERRRICS DN, LD
D RE T2 # 85% %iE P 2% ketamine-sensitive
Tholel ihb, &L OEPICHREETS
LB TELLDEER B,

P9 7F 31 yIFA M Lo ketamine-
sensitive % JE B 12 3¢ L C puncture trial i X %
Dual-lead SCS & JifT L, < @ #3 CH MR
DWBPERGAAR BT, #8121 low-dose ketamine
RTRIREE & DT U720 RIS low-dose ketamine
HIGWEE & 7 L2 26 BloMmE ¢, MW
S 2B I S B R I L
20 6 RIS 8% <, 24 RN 77 %

13

Fig.3 Schema of various kinds of Dual-lead stimula-

tion method.

THoedd, 4RHPLERERT230823%
FAHELRZ B0, RS % 3 VR
DHEFCOWTOMETIX, 20mg CHIBLA
26 B0, 6 » Atkd 20mg #8191, 21~30mg
540, 10~19mg R2HT, EVLRIADLS
G RRO e D o252, ¥ %3 oM
W&o TEHE ORI E R ZEMAPGFEL
B, BEELLCRGRHOREC X - T

Y= VAT H o T2,

Low-dose ketamine S E TR, RRO#H
FERERI AT P T b — BB A B 5 o &
PEHOFRIIRERETHY, ChizdkoTH
MU LERBERBONBE L VHIEMIS W, F
7=, central sensitization BRIZLERNTH 2
EEZBN TR 2D, ftf#e LT, 5
DR, MARE, HTA»AREH WX, &
HCHMAMBR L o AR F V21, W
BERSR 2 & OREE T 3 ) ROERE %I 2
EH RS hCB Y 819200 22 3 0 L off
R BUFI NG,

CHECTOFRMEEE 74 v 3aH
WBRTELN, 74 bLASCTRERTS 5
FHMUBMBEB L 1AT, BETL »TOMHA
FEBIRT B2 EFRCTH o0 LBL, 15
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DEMO LD B A OTHP S OHRDRINC
BBz, BHOETIH - 2o R 450§
Thole =K, ¥YFrV—-Za—axAF74 3
V—% T, 2ARDBMOAF 8 » FT RIS
HEIOERTHETH Y, BB BELRIRY
NE2AEOEBMETOMBHDTREE Lo/ T
NE CEBH OO AP T D - 7298,
ZARDEREATVACTHATLIZLIRE ST,
MENMOBESTRE R o, I, 2K0E
BEROCS 2OMBUTE T h BB T 2
BBEETHET 2 L AMRETH Y, ShET
B CH » 2 {MOMEHM oA G HE
28 F R FHEIC X B AONBHTIEE T
5 EHWEE o7 (Figd)o

ZRE TN 2 BRI SR o H Z) A
i failed-back pain, CRPS, HiE® i s &
CHohZ e RER-29, LA L, #Hikik
iR & % - 72 Dual-lead SCS 2 w5 & &
12 X T, post-stroke pain R LIBIHHESNIC B
T HEINERL B SBAN A 28— L% A8 & IR il
AT paresthesia Z R L AV HlERZ4TH o
A C ¥, low-dose ketamine ZUNE: & G %
CEIE o TE L DEMA TR TE BH
BRH LN, BiIC, ThI oo B
4 &% Z B ITu Iz post-stroke pain FEHNC B
THPET I HEHERRIEO N HELE
BThb, FHOMBREMEMm T L7 4
I VOAE D g 151012181722) X 1TE Y ,
TR EEAR AT B H - R PR oM
OB OLPFENTV S, FHRTHF- 7
Dual-lead SCS & low-dose ketamine 2Lig#EH: 0
BRI, Fe R EMR R ORBRIEL LT
SRV N, SHROER B EHOER Y
WEHER bo.
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ABSTRACT

Introduction. Chronic thalamic stimulation has been confirmed as an effective treatment for tremor. The optimal target has been
commonly accepted to be situated within the ventral thalamus, but a standard trajectory of the deep brain stimulation (DBS) electrode
has not yet been established. Materials and Methods. A 53-year-old man with an I1-year history of essential wemor was treated by DBS
of the thalamus. In this patient. we had a chance to compare the effects of different trajectory angles of the DBS electrode on tremor.
Results. Intraoperative stimulation with the DBS electrode temporarily inserted at a high angle to the horizontal plane of the anterior
commissure—paosterior commissure (AC-PC) line to cover only the nucleus ventralis intermedius (Vim) was not effective. In contrast,
stimulation with the DBS electrade permanently implanted at a low angle. covering a wide area extending from the nucleus ventralis oralis
(Vo) to the Vim, reduced the tremor. Conclusion. We report on the case of a patient who showed different effects on tremor depending
on the trajectory angle of the DBS electrode to the AC-PCline. The insertion trajectory of the DBS electrode may be an important factor

for the treatment of tremor.

KEY WORDS: Deep brain stimulation, thalamus, tremor.

Introduction
Deep brain stimulation (DBS) of the thalamus (thalamic

DBS) is effective in reducing essental temor, posisuoke
wemor, and Parkinsonian tremor (1-10). It is presumed
that the optimal target for suppressing tremor with tha-
lamic DBS is the nucleus ventralis intermedius (Vim),
which also is the ideal thalamotomy target in the venural

thalamus. This association was derived from empirical
observations made during ablation surgery. It was revealed
that electrical stimulation was effective in controlling
wemor and determined the optimal lesion site prior to
radiofrequency ablation (11-13).

Because the electrode for therapeutic DBS (lead 3387,
Medtronic, Minneapolis, MN, USA) has four contacts, each
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1.5 mm long and spaced 1.5 mm apart (the span between
the edges of the electrode is 10.5 mm), stimulation with the
DBS electrode can cover an area wider than that covered
by intraoperative stimulation during ablation surgery.
Therapeutic DBS also has advantages over ablation surgery
in terms of the reversibility of the treatment (2), the ability
o adjust stimulus parameters (14), and fewer adverse
effects (15). Moreover, the mechanisms by which DBS and
thalamotomy produce effects differ (16,17). Because of this
discrepancy, it is necessary 1o clarify the optimal stimulation
site in the thalamus as well as the implantaton trajectory
of the DBS electrode, which passes through regions of
the thalamus [or the purpose of wemor control. Therefore,
we report a case in which the effects of stimulation of the
thalamus on tremor differed depending on the angle of
the DBS elecuode relative to the anterior commissure—
posterior commissure (AC-PC) line,

Case Description

The patient was a 53-year-old, right-handed man with an
11-year history of action tremor in the right upper limb. He
had no family history of a similar movement disorder. He
underwent several medications previously to reduce the
wemors without any noticeable change in his condition.
His tremor had gradually worsened over the years and was
affecting his activities of daily life; therefore, he was finally
referred to our hospital for DBS surgery.

An examination revealed action tremors in the right
hand, with no cerebellar signs such as hypotonia or ataxia
or any other neurologic abnormalities. Flectromyography
(EMG) using surface electrodes showed no abnormal dis-
charges at rest and rhythmic burst discharges of 4-5 Hz
when performing any action, particularly writing. Magne-
tic resonance imaging (MRI) of the brain revealed no
abnormalities.

He underwent surgery for implantation of a DBS clec-
trode. A Leksell Series G head frame (Elekta Instruments
AB; Stockholm, Sweden) was used. A 1-mm-thick section of
tissue was used for MRI, and the AC and PC were identified
with the aid of specialized software (Leksell SurgiPlan;
Elekta Instruments AB). An X-ray indicator (Elekta Instru-
ments AB) also was used o identify the AC and PC on plain
X-ray films. A burr hole was made at the level of the coronal
suture, approximately 2.5 em from the midline.

Extracellular single- and mult-unit recordings were
obtained using a semimicroelectrode (0.2-0.4 MQ). Neu-
ronal activity also was fed to an audio speaker. Neural and
EMG activities of eight contralateral muscles, including the
biceps, triceps, deltoid, wrist extensors, and flexors were
displayed on an oscilloscope. Several aspects of neuronal
activity were examined such as the relationship between
spontaneous activity and tremor, and neuronal actvity
during somatic sensory stimulation and active movement.
Intraoperative audio and oscilloscopic monitoring  of

tremor frequency and neural activity was performed to
detect whether neuronal bursting and tremor frequency
had same frequencies. Cells with neuronal activity in
response to somatic sensory stimulation, that is, in response
to the passive joint movement of the contralateral limbs
without « response in skin deformation caused by stimuli,
were classified as: 1) deep sensory cells and responding o
light touch on the skin of the face and contralateral limbs
were classified into 2) cutaneous sensory cells.

The first wajectory of the semimicroelectrode for extra-
cellular unit recording was directed toward the anterior
aspect of the PC in the lateral view and at level with the
AC-PC line, 17 mm lateral 1o the midline, with the inten-
tion of idemifying the anterior border of the nucleus ven-
trocaudalis (the Vim=Vc border). Physiologic studies were
initiated alter the electrode had reached 12 mun above
the intended target. In this study, the Vim-Ve border was
physiologically defined as the most anterior neuron along
a length of trajectory in which more than one-half the
neurons located posteriorly were either deep or cutancous
sensory neurons (18). The Vim=Ve border was identified as
a vertical line approximately 3 mm anterior to the PC, on
the basis of the observations made during our initial trajec-
tory assessment (Fig. 1). This identification was consistent
with the Vim-Vc border determined on the basis of the
Schaltenbrand-Wahren atlas. The second trajectory of the
semimicroelectrode was directed toward a positon 1 mm
anterior to the Vim-Ve border at the level of the AC-PC
line, 17 mm micline. The
approached through the burr hole at an angle of 77° to the
horizontal plane of the AC-PC line and at an angle of 10°
to the sagittal plane. The second trajectory included some

lateral to the target was

deep sensory cells of the wrist and/or the elbow and the
tremor-frequency activitdes were the same as those exhib-
ited at the Vim (Fig. 1). Therefore, on the basis of these
classifications, the second trajectory was regarded as
the optimal stimulation site. Following this, the first DBS
electrode (model 3387, Medtronic, Inc.) was implanted
through an identical trajectory using stereotactic instru-
ments and then a test sumulation with the DBS electrode
was conducted. These four contacts of the DBS electrode
were primarily located in the Vim (Fig. 1a). The stimula-
tion was performed in the bipolar mode, with contact 0 as
the cathode (=) and contact 3 as the anode (+). The stimu-
lation generated muscle contraction without having an
effect on tremor. It was assumed that the muscle contrac-
tion caused the current to spread to the internal capsule.
To prevent muscle contracion, a second DBS electrode was
introduced more medially through another trajectory at
the level of the AC-PC line, 14 mm lateral to the midline,
and at the same angle as the first DBS electrode w the
horizontal plane of the AC-PC line (Fig. 2). We then con-
ducted a test stimulation in the bipolar mode with the
second DBS electrode. The stimulation also did not have an
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FIGURE 1. Receptive field (RF) maps of trajectories in the region of the ventral thalamus in the described patient. (a) The 17-mm lateral section
from the Schaltenbrand—Wahren human brain atlas with the anterior commissure—posterior commissure {AC-PC) length is stretched to fit the
coordinates obtained from the patient’s stereotactic magnetic resonance imaging. The trajectories used (P1 and P2) are shown by the oblique
lines. DBS-1, the first electrode of deep brain stimulation, was temporarily implanted through the same track as P2. (b) Details of the recordings.
The labels P1 and P2 indicate sagittal trajectories shown as 1 and 2 on the brain map in a. Locations of neurons are indicated by tick marks to
the right of the trajectory. RF maps are shown on the right. The label “TRA” indicates that neuronal activity was subjectively related to tremor,
as assessed in the operating room. PC, posterior commissure; STN, subthalamic nucleus; Vc, nucleus ventrocaudalis; Vim, nucleus ventralis
intermedius; Vo, nucleus ventralis oralis; Voa, nucleus ventralis oralis anterior; Vop, nucleus ventralis oralis posterior.

effect on tremor. To form another wajectory, asecond burr
hole was made approximately 3 cm anterior to the coronal
suture, approximately 2 em from the midline. The trajec-
tory was directed toward a position ] mm anterior to
the Vim-Vc border at the level of the AC-PC line, 14 mm
lateral to the midline. The target was approached through
the burr hole at an angle of 447 to the horizontal plane of
the AC-PC line and at an angle of 5° to the sagiual plane.
A microthalamotomy effect was observed immediately after
implantation of the third DBS electrode and the tremor
disappeared completely without electrical stimulation.
The microthalamotomy effect indicates that the location
in which the third DBS electrode was implanted was the
optimal therapeutic site (19,20). Therefore, only adverse
effects of stimulation were examined and the third DBS
electrode was permanently implanted into the patient.
After the postoperative disappearance of the microthala-
motomy effect, stimulation with various combinations of
bipolar mode was examined. Stimulation with contact 0 as
the cathode (=) and contact 1 as the anode (+) stimulated
mainly Vim and had some effect on tremor. However,

the strongest effect was produced when contact 0 was the
cathode (=) and contact 3 was the anode (+), covering a
wide area extending from the nucleus ventralis oralis (Vo)
to the Vim (Fig. 2).

Discussion

Ohye and Narabayashi (12) and Nagaseki eval. (11) empha-
sized that a small area (40 mm?®) that inclades movement-
related cells is the bestsite of lesion for thalamotomy to have
an effect on tremor. In both studies, the lesions were made
within 1 to 2 mm of the Ve, and therefore, did not include
the region with cells responding to cutaneous sensory
stimuli. Tt is commonly accepted that the optimal target for
chronic thalamic stimulation for treatment for tremor is the
Vim, close to the border of the sensory thalamus (Vim-Ve
border) (11-13). In the present case, deep sensory cells and
cells with tremor-frequency activity were recorded in the
second trajectory (Fig. 1). Although the site including these
cells is considered the optimal target for tremor control
(11,12,21,22), elecurical stimulation of this region was not
effective in suppressing tremor.
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a Al

5mm

FIGURE 2. Intraoperative radiographs and anatomic relationship between thalamic nucleus and deep brain stimulation (DBS) electrode. (a) The
14.5-mm lateral section from the Schaltenbrand—Wahren human brain atlas with the anterior commissure—posterior commissure (AC-PC)
length is stretched to fit the coordinates obtained from the patient’s stereotactic magnetic resonance imaging. DBS-2, the second electrode of
DBS, was temporarily implanted at a high angle to the AC-PC line. DBS-3, the third electrode of DBS, was placed at a low angle to the AC-PC
line. PC, posterior commissure; STN, subthalamic nucleus; Ve, nucleus ventrocaudalis; Vim, nucleus ventralis intermedius; Vo, nucleus ventralis
oralis; Voa, nucleus ventralis oralis anterior; Vop, nucleus ventralis oralis posterior. (b) Two radiographs are superimposed, each of which was
obtained when the DBS electrode was inserted along a different trajectory. The labels DBS-2 and DBS-3 indicate DBS-2 and DBS-3 shown on the
brain map in a, respectively. Left, lateral view; Right, anterior-posterior view.

Because the Vim forms an oblong structure on the lateral
view, the DBS electrode must be inserted at a high angle to
the horizontal plane of the AC-PC line, thereby allowing
the contacts of the electrode to be arranged in the Vim as

much as possible. However, in our patient, despite arrang-
ing the four contacts of the first and second DBS electrodes
in the Vim, his tremor was not affected. The target for the
third DBS electrode was approached at an angle of 45° to
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the horizontal plane of the AC-PC line. This wajectory
produced a microthalamotomy effect even though the
target was nearly the same as that for the second DBS
electrode. The main difference in the placement of the
second and third DBS electrodes was the wajectory through
the thalamus (Fig. 2). However, it is possible that the
second DBS electrode was located in the somatotopic area
of the Vim corresponding to the lower extremity instead of
in the area corresponding to the upper extremity because
the second DBS electrode was slightly luteral to the third
DBS electrode. That is, contact 0 of the second DBS elec-
trode was approximately 0.5 mm lateral to contact 0 of the
third DBS elecurode and contact 3 of the second DBS elcce-
trode was approximately 1.5 mm lateral 1o contact 3 of the
third DBS electrode (A-P view shown in Fig. 2b). There are
few reports on thalamic stimulation therapy for tremor in
which the optimal angle of the DBS elecurode to the AC-PC
line or optimal trajectory through the thalamic regions is
reported. However, it was demonsurated that stimulation of
both Vim and Vo is necessary in many cases. One study
implied that the optimal angle of the DBS elecurode to the
AC-PC line should be approximately 45 (9). In the large
series of cases presented by Benabid et al,, (2) the optimal
wremor control site was Jocated 4 to 8 mm anterior to the
PC, and 0 1o 2 mm superior to the AC-PC line. Therefore,
with these coordinates, it is possible that the areas affected
by the spread of the current stimulation included not only
the Vim but also the Vo (28).

Thalamic neurons firing at the same frequency as that
of wemor have been recorded during surgery and such
neurons are widely distributed over an area extending
from the Vim to the Vo (24-28). Some of these neurons are
involved in the generation of wemor (24,29). That is, the
wide area of the venural thalamic nuclei may be involved in
the generation of tremor. It would therefore be difficult to
ablate the extensive area implicated in the generation of
emor without any side-effects. In contrast, DBS electrodes
can be implanted to affect an area wider than that affected
by thalamotomy, and stll allow a surgeon to select a loca-
tion to place the contacts and modify the stimulation inten-
sity as required, thereby achieving the best clinical benefits
(1-3,9,10).

Because of the large angle of the trajectory of the third
DBS electrode, there is a possibility of inadvertently making
a burr hole in the forehead. In our patient, specific man-
agement was not required to maintain an esthetic appear-
ance of the forehead. If we had considered that an
accidental of burr hole in the forehead was likely, we would
have made a transverse skin incision on the hair line.

Conclusion

We report on a patient who had different effects on tremor
depending on the trajectory angle of the DBS electrode
to the AC-PC line. The trajectory of the DBS electrode may

Ji

be a considerable factor for the implantation of a DBS
electrode for wremor therapy.
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