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Surgical Treatment for Central Pain after Stroke based on the Neural Mechanism
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Previous neurophysiological and neuroimaging studies have suggested that functional changes might occur in
the sensory thalamus, associated with reorganization of the thalamocortical system, in cases with central pain after
stroke (thalamic pain). It might cause the misconduction of the sensory signal or a hyperactive response to periph-
eral natural stimulation on the thalamus, resulting in it playing an important roles in the genesis of central pain.
Hyperactivity in the cerebral cortex adjacent to the central sulcus on the side ipsilateral to a cerebrovascular dis-
ease (CVD) lesion also might relate to central pain.

We performed various kinds of surgical treatments in 29 cases with central pain after stroke based on the neu-
ral mechanism deserbed above. Epidural spinal cord stimulation was effective in 4 out of 7 cases with localized pain
on the distal part of the leg and arm. We achieved pain control in these cases showing definite SEP originating in
the sensory cortex before surgery. Stereotactic (Vim-Vcpc) thalamotomy with the aid of depth microrecording was
effective in 4 out of 7 cases with diffuse pain. In good responders, we could find responses to natural peripheral
stimulation and seldom encountered irregular burst discharges in the sensory thalamus during the operation. Pre-
operative PET studies also revealed an increase of rCBF in the sensory cortex ipsilateral to the thalamic CVD
lesion during contralateral thumb brushing. Gamma knife treatment was effective in 5 out of 7 cases after stereotac-
tic thalamotomy. It became stable in 3 out of these 5 cases. Each case was treated with a maximum dose of 120~
150 Gy using a 4 mm collimator. Precentral electrical cortical stimulation was performed in 8 cases. Sufficient pain
relief was achieved in 3 out of 6 cases in which we could implant an IPG. In one of these cases, we found definite
sensory responses and seldom encountered irregular burst discharges in the sensory thalamus during the previous
thalamic surgery. A MEG study also demonstrated preservation of spino—thalamo-cortical function in the other
one case. In each case, in which we failed to achieve pain control, internal capsular (posterior limb) or thalamic Vim-
Vepe stimulation was carried out. We could obtain sufficient but short—term pain relief. Surgical treatment could be
expected to ameliorate central pain after stroke in those cases in which CVD had caused mild destruction of the
pain conducting system and the spino—thalamo-cortical function was relatively preserved.
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Fig. 1 Preoperative SEP recordings in a good responder to electrical epidural spinal

cord stimulation (Case 1)

MRI T2-weighted image (left) revealed a CVD lesion on the left putamen. Right is left side
of patient. This case complained of right leg pain contralateral to the CVD lesion. We could
recognize definite SEP originating in the sensory cortex with the same latency and amplitude
to contralateral median nerve (MN) stimulation on both sides (left). There was the same
latency but decreased amplitude to right posterior tibial nerve (pTN) stimulation, which

innervated painful area (right).
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Table 1 Cases with central pain after stroke treated by thalamic surgery (thalamotomy)

Case Age/Sex Op. Target rCMRglu rCBF Recording Op. Duration
rest rest brushing resp. Burst result after op.
Th. Cx Th. Cx. Th. Cx

8 62 f Vim-Vcpe ¥ 1 4 - 4+ o — good 5y 5m
9 64m Vim-Vepe 4 ¥ 1 4 1 4 -»> ) o — good 5y 6m

10 63 m Vim-Vepe 1+ ¥ -»> 1+ o — good ly
11 56 m Vim-Vcpc ¥ 4 -»> »> ° . moderate 1y 5m
12 58 m Vim-Vcpe 4 ¥ ¥ ¥ =»> =-»> o o fair 6y 8m
13 60 m Vim-Vepe ¥ 4 =»> -»> — o fair ly 7m
14 63 m Vim-Vepe L4 ¥ ¥ ¥ - - — o fair 1y10m

Vim; nucleus ventralis intermedius, Vepc; nucleus ventralis caudalis parvocellularis, Th; thalamus, Cx; cortex,
rCMRglu ; regional cerebral metabolic rate for glucose, rCBF ; regional cerebral blood flow, resp.; sensory response,

Burst ; irregular burst discharge, op. ; operation

¥ ; decrease, 4 increase, = ; same, large closed circle; definite sensory response, small closed circle ; moderate

sensory rsponse, bar ; no response

6,600

Gastro.

6,200

Flexor ,ﬁl— s

6,200 W

Triceps
= 1, OO0 aniiumtnioisndipiodiois g A oAb i

= 1,000 WA
1 sec — 150 microvolt

Fig. 2 Neuronal activity recordings recognized
on the postero-lateral thalamus during
the course of stereotactic thalamotomy
with the aid of a microelectrode (Case 9)

Kinesthetic responses were noted to the stretch-

ing of the gastrocunemius muscle [Gastro.] at 6,600,
the flexor muscle [Flexor] at 6,200 and the triceps
muscle [Triceps] at 6,200 micron from the tentative
target point along the trajectory. Simultaneous EMG
recordings or horizontal line, which shows the duration
of peripheral simulation, are represented below the
original thalamic recording. Multiple positive spikes
or irregular burst discharges were found in the deep
ventral thalamus (—1,000).
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Fig. 3 Neuronal activity recordings recognized
on the postero-lateral thalamus during
the course of stereotactic thalamotomy
with the aid of two microelectrodes
(Case 12)

Two microelectrodes were applied 3 mm apart and
parallel to the sagittal plane. Multiple positive spikes
(4,400), irregular burst discharges (3,800), or a
mixture of negative and positive spikes (3,200) were
found along the anterior A track. Multiple irregular
burst discharges of various duration were found
along the posterior B track (9,000, 8,600, 4,400).
Kinesthetic response was also noted to the stretching
of the biceps muscle at —200. A simultaneous EMG
recording is shown below the original thalamic
recording. Each number beside the neural activity
recording represents the distance (microns) from the
tentative target point.
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Fig.4 MRI after Gamma thalamotomy for
the treatment of central pain after
stroke (Case 15)

T1-(A : semicoronal), T2-weighted (B:
semicoronal) and T1-Gd enhanced (C:
semicoronal, D : axial) MR images through the
thalamic target area 11 months after Gamma
thalamotomy are shown. An MRI study revealed
therapeutic lesion formation, which was
recognized as a spot—shaped low signal area
(arrow) surrounded by high signal area on T1-
and T2-weighted images. It was also recognized
as a spot—shaped enhanced high signal area
(arrow) on the T1-Gd enhanced images. Right is
left side of patient. This case was treated by
Gamma knife with 120 Gy using 4 mm collimator.

Table 2 Cases with central pain after stroke treated by precentral cortical stimulation

i . b Operation b - Duration

| Case Age s Lesion CVD Vim-Vecpc ~ Gamma = MCx Resih | after stim.
22 56 m Thlt hem ®o——— >0 0 ineffective 4y
23 63 m Th rt inf ®o—— 0 0 moderate 3y 9m
24 69 m Thlt hem o — >0 —0 PG (—)
25 54 m Thrt hem (SP) - i ineffective 5y11m
26 66 m Put It hem o good 2y 9m
27 70 Thrt hem () IPG (—)
28 68 f Th rt hem o [ ) moderate 1y 8m
29 52 m Thlt hem o ineffective 11m

Th; thalamus, Put; putamen, It; left, rt; right, hem:; hemorrhage, inf; infarct, Vim-Vcpe; nucleus ventralis
intermedius and ventralis caudalis parvocellularis thalamotomy, Gamma; gamma thalamotomy, MCx; motor crtex
stimulation, Sp; spinal cord stimulation, IPG ; implantable pulse generator
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(Fig. 3).
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electrode Fig.5 Internal capsule posterior limb stimulation

15.000. 9,000 i for the treatment of central pain after stroke
’ (Case 22)

9,000 Electrophysiological study revealed multiple positive

T #M"W%WWM‘M*WW spikes (9,000) and sensory responses to the passive and

10,000+ 8, 500 active movement of contralateral upper extremity (9,000 :

8,000/ 2 “‘*‘LMWWWH"HMW response to active contraction of triceps muscle [T,

1 EE,S%)O : response to active contraction of biceps muscle

1 8,000 bbbt il ML usiss — [B], 8,000 : response to passive stretching of biceps

5,000 o B “WMYWWMW”\M eSS muscle). Simultaneous EMG recordings are shown below

2,000+ 5,000 the original thalamic recording. We implanted an electrode

for stimulation as shown in the left figure. The lateral

cP 2,000 coordinate of the target point was 24 mm from the midline,

— 150uvV

1 and antero—posterior coordinate was on the posterior
sec

commissure. Each number beside the neural activity
recording or along the trajectory represents the distance
(microns) from the tentative target point.

Tentative zero point
(x, y, 2)=(15, 3, 0)

1 sec [50uV|

Fig. 6 Neuronal activity recordings recognized on the postero-lateral thalamus during the course
of deep brain (thalamic) stimulation with the aid of a microelectrode (Case 28)
The figure on the right shows an electrophysiological study that revealed a marked decrease of electrical

activity, sometimes even low activity burst discharges, at the bottom of the VC nucleus (—1,000, —1,800).
At the just rostro—dorsal region of this area (3,000, 2,200, 600), which almost corresponds to the Vim
nucleus, marked high and irregular burst discharges with various duration were found. Apart from these
areas, we could see relatively high and irregular, sometimes almost regular, burst discharges in the dorsal
(7,200, 6,200, 5,800) and ventral areas (—300, —5,800). The ventral area almost corresponds to the Vepe
nucleus. We implanted therapeutic stimulating electrodes in these electrically active regions. Each number
beside the neural activity recording represents the distance (microns) from the tentative target point. The
figures on the left shows the relationship between the recording electrode and the thalamic subnucleus on the
sagittal plane. An MRI T2-weighted image (bottom left) revealed a CVD lesion (thalamic hemorrhage) on
the right thalamus as a low signal spot (arrow). Right is left side of patient.

Vim ; nucleus ventralis intermedius, Vcpc ; nucleus ventralis caudalis parvocellularis, VC ; nucleus
ventralis caudalis
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