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Abstract

We applied chronic deep brain stimulation (DBS) of the tha-
lamic nucleus ventralis caudalis (Vc) for the treatment of pe-
ripheral deafferentation pain. The subjectsincluded 11 cases
of phantom limb pain and 7 of root or nerve injury pain with-
out phantom sensation. In the phantom limb pain patients,
the spike density markedly increased in the same area of the
Ve where microstimulation induced paresthesia in the part
with phantom sensation. Reorganization of the receptive
field representation within the Vc was also demonstrated by
microrecording and microstimulation. In the root or nerve
injury pain patients with severe allodynia and without phan-
tom sensation, oscillating neural hyperactivity appeared
when the allodynia was induced during single-cell recording
in the Vc. In both groups stimulation of these areas with the
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DBS electrode was useful for achieving pain reduction. Inhi-
bition of spinothalamic tract neurons, restoration of the
original receptive field representation and modulation of
thalamocortical rhythmic oscillations are proposed to play
important roles in a possible mechanism of Vc-DBS for the
treatment of deafferentation pain.

Copyright © 2006 S. Karger AG, Basel

Introduction

It has been reported that hyperactive neurons, which
areimplicated in the mechanisms of deafferentation pain,
are present within the sensory pathway above the level of
the deafferentation site. We therefore selected our thera-
peutic method depending on the site of deafferentation.
Based on its site, we classified deafferentation pain as pe-
ripheral or central. Peripheral deafferentation pain in-
cludes phantom limb pain and root and nerve injury
pain, while central deafferentation pain includes thalam-
ic pain, Wallenberg’s syndrome and spinal cord injury
pain. We clinically applied chronic stimulation of the
thalamic nucleus ventralis caudalis (Vc) for the treatment
of peripheral deafferentation pain [1, 2] and motor cortex
stimulation for central deafferentation pain [3, 4]. In this
paper we examine the long-term effects of Vc deep brain
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Table 1. Chronic stimulation of the Vc-DBS

Cause of pain >60% pain Mean reduction
reduction in VAS in VAS, %

GroupI(n=11) 8/11 (73%) 69.1

Group Il (n=7) 6/7 (86%) 62.1

Total 14/18 (78%) 66.4

The pain reduction rate was evaluated 1 year after the start of
Vc-DBS employing a VAS.

stimulation (DBS) for the treatment of peripheral deaf-
ferentation pain and discuss the mechanism of pain re-
duction induced by Vc-DBS in peripheral deafferentation
pain patients.

Patients and Methods

The subjects included 18 cases of peripheral deafferentation
pain and were divided into 2 groups. Of the 18 patients, 11 (group
I) had phantom limb pain, while the remaining 7 (group II) had
pain without phantom sensation after root or nerve injury.

Under local anesthesia a burr hole was cut at 30~35 mm ante-
rior to the coronal suture and 20-25 mm lateral to the midline.
Each electrode then approached the target point at an angle of
40-50° to the horizontal plane of the anterior-posterior commis-
sure (AC-PC) line and 0-12.5° to the sagittal plane. A tungsten
semimicroelectrode (about 200-400 kQ) guided by an outer can-
nula was inserted into the Vc region through a frontal burr hole
to check the receptive field and the projected fields. A permanent
DBS electrode {(model 387; Medtronic, Minneapolis, Minn., USA)
with 4 contact points, sequentially numbered 0 through 3 from
the most distal (0) to the most proximal contact point (3), was
inserted and placed in such a way that contact point 0 was located
in the Vc (11-15 mm lateral to the PC) and contact point 3 in the
thalamic nucleus ventralis intermedius.

The stimulation parameters for the pulse width and stimula-
tion frequency were 0.15-0.21 ms and 20-135 Hz, respectively.
The contact points for bipolar stimulation and the stimulation
intensity were selected to induce paresthesia with covering of the
painful area.

Results

We evaluated cases with Vc-DBS as effective when
the visual analogue scale (VAS) score was reduced by
>60%. Long-term satisfactory pain control was achieved
in 8 of the 11 patients of group I (73%) and in 6 of the 7
patients of group II (86%). Thus, 14 (78%) of the 18 cas-
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Fig. 1. a Distribution of the receptive and the projected field along
the track shown in b. Note the site of mismatches between the re-
ceptive and the projected field. Double arrow: Microstimulation
of this area induced paresthesia within the area of phantom sen-
sation. b Single-cell recording showing hyperactivity in the same
area where microstimulation induced paresthesia in the part with
phantom sensation. Vim = Thalamic nucleus ventralis interme-
dius; Vop = thalamic nucleus ventralis oralis posterior. ¢ The
phantom limb area in this case (dotted line).

es in total showed pain control (table 1). The best effects
for inducing pain reduction and paresthesia covering
the painful area were usually obtained by bipolar stimu-
lation of wide areas from the anterodorsal part to the
center of the V¢, rather than by focal stimulation of a
restricted area.

In group I the spike density markedly increased in the
same area of the Vc where the microstimulation induced
paresthesia in the part with phantom sensation. Reorga-
nization of the receptive field representation within the
Ve was also demonstrated by microrecording and micro-
stimulation (fig. 1). In group II oscillating neural hyper-
activity appeared when allodynia was induced during
single-cell recording in the Vc (fig. 2). In both groups,
however, stimulation of these areas of the Ve did not in-
duce pain at all. Chronic stimulation of these areas with
the DBS electrode (Vc-DBS) was useful for achieving
pain reduction. In effective cases the required stimula-
tion period for pain control gradually decreased, and the
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Fig. 2. Allodynia-related bursting activity
recorded in the Vc in a case of root injury
pain (upper extremity) without phantom
sensation. Allodynia was repeatedly in-
duced during continuous recording of the
neural activity (from upper left to lower
right). The dotted lines indicate tapping of
the hand for activation of allodynia. The

solid lines indicate that allodynia was in-
duced: the patient complained of severe
pain of the upper extremity in this peri-
od.

2 sec

pain completely disappeared after long-term stimulation
in 2 cases of phantom limb pain. In these 2 cases pain re-
appeared after long-term cessation of the Vc-DBS, and
they underwent Vc-DBS again, which subsequently re-
duced the pain.

Discussion

The present investigation confirmed that Vc-DBS has
a significant potential for controlling peripheral deaffer-
entation pain. In our results 14 (78%) of 18 cases showed
>60% of pain reduction by the VAS. The success rate for
long-term pain control by Vc-DBS reported in the litera-
ture varies from 20 to 97% [5-8]. In most studies the
long-term success rate ranged from 50 to 65% [7, 8] and
was lower than in our results. There are 2 points of dif-
ference between our Ve-DBS for the treatment of periph-
eral deafferentation pain and previous reports. The first
involves the drug challenge test, and the second is the
area of stimulation with the DBS electrode. We carried
out a pharmacological classification [9] by the morphine,
thiopental and ketamine tests. Such pharmacological
classification provides data that are useful as exclusion
criteria for Vc-DBS and for the selection of additional

182 Stereotact Funct Neurosurg 2006;84:180-183

therapy which may include ketamine drip infusion or
morphine intake. If the patient continues complaining of
pain even at the time of falling asleep with thiamylal, we
excluded the individual as a candidate for Vc-DBS. The
DBS electrode was not located under the AC-PCline, and
the stimulation point of our Vc-DBS covered a relatively
wide area, which extended from the anterodorsal part to
the center of the Vc.

In group I patients with phantom limb pain, the pri-
mary somatosensory cortex may undergo a reorganiza-
tion of the receptive field representation (invasion of the
phantom limb area by the adjacent area). It has been re-
ported that such reorganization is highly correlated with
the development of phantom limb pain and unrelated to
the nonpainful phantom sensation [10]. These findings
suggest the hypothesis that chronic Vc-DBS can induce
restoration of the original organization and diminish
phantom limb pain. A similar reorganization of the re-
ceptive field representation within the Vc has been dem-
onstrated by microrecordings and microstimulation dur-
ing surgery for therapeutic electrode implantation. In
group II patients without phantom sensation, oscillating
neural hyperactivity appeared when the allodynia was
induced during single-cell recording. Based on these
findings, inhibition of spinothalamic tract neurons, res-
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toration of the original receptive field representation and

modulation of thalamocortical rhythmic oscillations are

considered important as possible factors in the mecha-
nism of Vc-DBS for the treatment of peripheral deaffer-

entation pain.

—
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Motor cortex stimulation therapy: How to locate the stimulating electrode

Takamitsu Yamamoto / Toshiki Obuchi / Toshikazu Kanou / Kazutaka Kobayashi / Narumi Katsuyama

Abstract:

Hideki Oshima / Chikashi Fukaya / Yoichi Katayama

The corticospinal motor evoked potential (corticospinal MEP) evoked by direct stimulation of the motor cortex can

be recorded from the epidural space of the spinal cord. The D-wave of corticospinal MEP reflects impulses arising
from direct activation of the axons of corticospinal tract neurons. Employing the epidural grid electrodes, we
compared the amplitude of D-wave with the reduction rate of visual analogue scale (VAS) in post-stroke pain
patient. The reduction rate of VAS showed significant correlation with the amplitude of D-wave. The corticospinal
MEP is useful to decide the best location of the stimulating electrode in the clinical application of the motor cortex

stimulation therapy.
Key words:

motor evoked potential, post-stroke pain, motor cortex

AARKRFEFE REsst, KEREZER 52 A7 AMER S (Division of Applied System Neuroscience
and Department of Neurological Surgery, Nihon University School of Medicine]
T 173-8610 FICHRRAG X X8 0 LT 30-1/ TEL: 03-3972-8111 / FAX: 03-3554-0425

I. BUBLE

AR EEEEABT, SRR O BB EREE
ENTOR . UL, KEEESENRIC B 5 BE0TE
L% RET AHEIOWTIE, 1) RRTIERETY, fito
HIBUT & > THFE SN B motor twitch % muscle contraction % BT
5, ) BARBTI/ Yy FERTEENCEEL, Wi ER
TTHEOMREHRT 5, 3) MRIEEFHEER » B ChlE
PROMETRAEL, BHRNCEENMLTRET S, 4) BRE
NERCTEROREMMLERET 5, 5) ZNbOHEEEHA
AEDEBHE, ZEFRESNTL, BREMLAVLHE
L LTH, &P HEHIC somatosensory evoked potential (SEP) %
FO#k L, N20 O phase reversal % IV CHLEE BET 5 A1, K
Fi B BB L BB BRI 5 N TR0 AR BN+ &
BT HHEND 5.

REbRAWRoEHBEL T ) v /T HEL LT,
corticospinal motor evoked potential (corticospinal MEP) # [ FR i fi
LT&7 %, Corticospinal MEP @ D-wave 12 2 & T 0 pyramidal
newon VEH I EN L THAHDT, KMEELEHLOH
BIC Lo THREEND D-wave DIRIEE FEHOTEIC L 5 S EIES
FREBL, Dwawve T28 — L LA BREERMREOFRAEL S
FLZOEZROVTHE L.

I. 77 . SR
Corticospinal MEP OFEEBERE LT, A Fh o=y 7 #4 Quad

BREHVE, BEVERMIELC, VY N UYBHTIEEDN
CERREESMEICHIAL, BROLRTE C2 LAV EB L.
BEOEGREE T OO RECHREL, MRIEfgsHE
RECHVTRELLPLEYTLCEIIE, EES mm OMIK
BIED S mm MR CTHEL, Sx4FI8 1Y — b koz 200
Uy VEBZBEENAECEEL, ThEhof#E a2 E w7
monopolar anodal stimulation Z4T\>, D-wave % 308k L7z, TIRGAE
30 mA, FIBIE 02 msec, 2Hz T, 16EMEFEH L7, band
pass i 5Hz ~ 5Khe T, B8R 4 v Fid A B EOFH L BET
BHRLEIAL T AV BURER & L7, D-wave BERIC7 ) v KB
BEEOITHBELCHEL, FHERTLL. BHUBCEE
REET, 7 v FEE%E AV T monopolar anodal stimulation %17 -
72 (Fig.1). 25Hz T 02msec OFIEIRE L, 1V~ 7V O#ET
TIBREZ W L, &% T musce contraction # RO 13HAI1T 1,
TN EDREIAHIE L7, visual analogue scale (VAS) # f\»
TENFNOFIEE TR & N7z D-wave DIRIE L VAS DEAL
L.

I %2 .

Dewave ¥ 557 5801 Fig. 2 1R ST, 30 mA 0 mono-
polar anodal stimulation & i 72 Z & 6, BE O BER %L T D-
wave & HET HEE L0 SILVEET D-wave XHFH E N1z, D-
wave DIRIE & VAS DA R JWET 2 &, D-wave P EIEIE TR
FENTBUOMAPENTH o7, T-MEOFERORES




Fig. 1 The x-ray film shows epidural grid electrodes. The highest ampli-
tude of D-wave was recorded by the stimulation of epidural electrodes
numbered at 13, 14, and 15. The highest decreased rate of VAS appeared
by the stimulation of same epidural electrodes.

Fig. 2 Intraoperative recording of the D-wave. Under the general anes-

thesia, the amplitude of the D-wave was compared by stimulating each
At 30 mA intensity with 0.2 msec duration, the
monopolar anodal stimulation was employed for the recording of D-wave.

epidural electrode.

19 &, Dwave DIRIBE VASOHALZEICEENHBEE RO
(R=0.828, P<0.001: Pearson's correlation coefficient) .

V. &

KRB ESEN S B 2 BEORBBM £ RET 51
corticospinal MEP @ D-wave # f§EE L T2 DN EHNTHL Z & f)i,
7 1)y FER% 272 monopolar anodal stimulation T H > & %2 o
fo. AFMOZy SHEOBEELAATRIREECE, BEAH
PERLCGEICINHRERERIIEE, ERMLIBED
BREOHIDURETHA LD, BEMHE AL LNHEERED

R T B IREERE 23

T T A EL O muscle response £ FHFET H DT, PABHE % R
THLENSH L. SEOHET TR, D-wave DIRIEE VAS OZAL
ARET L0107 y VEBREHER LY, EROFHTIEA
FFuzy 740 RESUME B CRADERIESE (4om) 2Hw
TR AT, BEEEBE L 22D D-wave PRADIRET

HEENATNAERELT, BRTYEELTWA. Dwae P HW
ATEEMEOPRETHE, 1) Dwae ¥ FRT IO HERLLERE

PEOTTENEEERE LTHEATES, 2) EET O pyramidal
newron BB SN RIBF OO DEEF—TEHDT, HFHD

HIEAL 2 S K BBROEB ALY BRTE S, 3) BEOEFR
B C—HI R FHrTHTHE, 2 EONArDH 5. MEFEE
ﬁ’i‘)ﬁb"(*'ﬁ‘ﬁ_ﬁ[ﬂblﬂ BEBETEETHHETE, BMHA motor
cortex LR EE SN TS, EBI motor cortex NEDREMEM S
TVRLRREETAZ LR TER . T, BEZHVTHLE
PHRLTERZEET AL e HETARE DA, 20K
ETHERIZED L) CHBEN TR P& M T 5 DREET
b%. —F, corticospinal MEP # i 5 FHE T, TEDOLRPS
THRBEOBUEFRETAIENFTELOT, RV T ChFE
ThrtEZA, I, FEVERLEEL TEROTERLZ
HETLHEOARTH A, o-motoneuron DEERIZL - TE
{3510, BELFELTHIRESENFHL Y. SEOHKE
C, D-wave DIRIEE VSA DEARIHEOHE R0 LFER
BEOEREBEMUARET A 00FRALFRERET LA
BT, KRB LORBHRORRBERLE25 LT,
KECERRERLELS.
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