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The movement-related cortical potential (MRCP) is an electroencephalography
(EEG) component related to voluntary movement, which is a slow negative shift
starting 1-1.5 sec before volitional movement. MRCPs consist of at least 3
subcomponents, the Bereitschaftspontial (BP), the negative slope (NS’), and the
motor potential (MP). It is generally agreed that the generator for the BP is from the
mesial prefrontal cortex and that for the NS’ can be sufficiently explained by the
activation of generators in the sensorimotor cortex bilaterally. The MP can be
accounted for by the activation of a source in the contralateral central region. The
generating sources of these subcomponents of MRCP were deduced from the scalp or
subdural recordings and the hypothesis should be further verified by determining
whether functional perturbation of the candidate regions could actually modulate the
behavior of MRCP. At least 2 methods may be adopted for this purpose. The first is
lesion study of MRCP over the target sites. The second way is to modulate the
candidate regions by external electrophysiological functional perturbation (e.g.
repetitive transcranial magnetic stimulation, rTMS) to observe how the interference

would affect the MRCP conformation. The present research is designed to elucidate



the MRCP issue relying on lesion study in stroke patients with anterior cerebral artery

(ACA) territory infarct. ACA territory is an uncommon site for occlusive vascular

strokes. We hypothesized a deficit in the neuronal motor network after ACA infarct

would lead to alterations in the movement related cortical network in the ACA infarct

patients. We conduct the study in 7 patients and 7 age matched control. Three main

results can be summarized as following: (1) some of the MRCP subcomponents

showed a more pronounced negativity in the patient group than could be observed in

the control group; (2) the amplitudes of NS’ were especially noted to be increased

over the bilateral hemispheres in the patient group on the right hand movement as

compared with the controls; (3) loss of lateralization of NS’ was noted in the patient

group on the right hand movement, similar trend can also be observed on the left hand

movement.

The results could be due to diminution of pre-SMA (Area F6) inhibitory inputs to the

subsequent motor regions or due to the recruitment of the nearby excitatory cortical

regions for the compensation of motor impairment of the medial frontal lobe infarct.

These results are in line with the idea of prefrontally mediated early preparatory

processes prior to the execution of motion and illustrate that medial frontal region are

crucial for the modulation or generation of MRCP.
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# % (Introduction)

¥- & #3 % B (Background)

The mechanism of movement control that integrated in human central
nervous system in one of the most intriguing research fields of neuroscience
or clinical neurophysiology. There are several ways to investigate the issue
and recording of the brain waves over the scalp (i.e. electroencephalography
(EEQG)), which reflecting the activity of cerebral cortex related to motor
integration, is one of the feasible methods for the exploration of the
particular domain.

Conventionally, EEG was adopted to record spontaneous electrical
activity generated in the cerebral cortex. This activity reflects the electrical
currents that flow in the extracellular space and these in turn reflect the
summated effects of innumerable excitatory and inhibitory synaptic
potentials that occur on the cortical neurons (Daly et al., 1990)." Despite the
advantage, it is difficult for the traditional EEG to assess the relationship
between the brain activities of the motor and motor-related cortex, including
premotor, supplementary motor area (SMA) and prefrontal cortex, and the

voluntary limb movement. To overcome the obstacle, Kornhuber and



Deecke (1965)* developed a technique, the alleged movement-related
cortical potential (MRCP). Basically, the EEG recording was triggered by
a voluntary electromyographic burst of the limb and the signals were
averaged to determine the time-lock relationship between the movement
onset and the contralateral cortical activity. By this way, the EEG activity
prior to the voluntary movement can be assessed and illustrated. By and
large, the MRCP waveform can be divided at least into 3 subcomponents: (1)
Bereitschaftspotential (BP), the earliest subcomponent, a slowly rising
negativity starting up to 2000 ms before movement onset; (2) negative slope
(NS”), termed by Shibasaki et al. (1980),” representing a steeper increase in
negativity with higher amplitudes over central and parietal areas and
starting about 500 to 300 ms before movement onset; and (3) motor
potential (MP), a further increase in negativity followed by a sharp
positivity, appearing around movement onset, its peak features the highest
negativity of the MRCP and it is maximally pronounced over the vertex
(Deecke et al., 1969).* For finger movements, the scalp distribution of the
BP is widespread and symmetrical, whereas the NS’ and MP show a clear
lateralization toward the hemisphere contralateral to the movement.

Regarding the generators, BP probable originates from the mesial prefrontal
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cortex including the supplementary motor area (SMA), premotor area and
also the cingulate motor area and that for the NS’ can be sufficiently
explained by the activation of generators in the sensorimotor cortex
bilaterally. (Daly et al., 1990; Shibasaki et al., 1980; Deecke et al., 1969;
Ikeda et al., 1995)">> The fpMP can be accounted for by the activation of a
source in the contralateral central regions. (Shibasaki et al. 1980)° The
generating sources of these different subcomponents of MRCP were mainly
deduced from the cortical or scalp recordings (Daly et al., 1990; Deecke et
al., 1969; Gerloff et al., 2003)1’ %6 and the hypothesis should be further
verified by determining whether functional perturbation of the candidate
regions could actually modulate the behavior of MRCP. At least two
methods can be adopted to investigate the issue. The first would be lesion
study of MRCP. In a patient with anterior cerebral arterial infarction,
McNabb et al. (1988) illustrated that the BP was attenuated and the NS’
became asymmetric. The second method is to modulate the target regions
by external electrophysiological functional perturbation to see how the
interference would affect the MRCP conformation. In the current thesis, we
adopt the lesion study to investigate the issue.

Depending on the lesion site and duration, brain lesions may have
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differential impacts on the subcomponents of the MRCP (Gerloff et al.,
2003; Wiese et al., 2004; Wiese et al., 2004).>*” Among different sorts of
lesions, ischemic stroke patients would be most appropriate for this purpose.
Firstly, the arterial domain is well demarcated. Secondarily, the modern
neuroimages can clearly portrait the anatomic sites of the lesion. To date,
only few studies had examined the issue in patients with stroke or other

sorts of brain lesions (McNabb et al., 1988; Singh and Knight1990;
Shibasaki, 1975; Kitamura et al., 1996; Honda et al., 1997).” '*""* Moreover,
the sample sizes in these studies were small and thus led the conclusion
remaining to be elucidated.

Deecke et al. (1987)'* demonstrated a missing maximum negativity over
the vertex (Cz) in patients with unilateral lesions of the SMA. The authors
found a reduction of the mean amplitude over the last 100 ms prior to
movement onset in the fronto-central midline. Impaired MRCP have been
reported in patients with Parkinson’s disease as well (e.g. Jahanshahi et al.,
1995; Cunnington et al., 1995).15’ 1% This phenomenon was attributed to the
reduction of neuronal input into the SMA.

It should be noted that lesion of the brain not only leads to functional

perturbation of the lesion site but also to areas closely hooking to the
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insulted region. Witte et al. (1998)."” had illustrated that focal brain lesions
due to traumatic brain injury do not only lead to functional deficits in the
damaged area, but also disturb the structurally intact neuronal network
connected to the lesion site. Anatomical studies found that the pre-SMA
receives substantial input from the prefrontal cortex (Bates and
Goldman-Rakic, 1993; Luppino et al., 1993)."®" The notion had been
strengthened by neuropsychological studies that revealed lesions in the
frontal cortex lead to deficits in the neuronal motor network. Kolb and
Milner (1981)*° demonstrated impairments in frontal lobe patients to copy
complex arm and face movements. They ascribed these results to deficits in
short-term memory and in the programming of movements.

There are five circuits linking the frontal lobe and subcortical structure:
motor, oculomotor, dorsolateral prefrontal, orbitofrontal, and anterior
cingulate. Three of these different frontal-subcortical circuits are associated
with emotional and cognitive processes in man (Alexander et al., 1986;

21,22

Cummings, 1993).”“" These three circuits have been named according to
their site of origin on the frontal cortex as dorsolateral prefrontal circuit

(originating from the convexity of the frontal lobe, Brodmann’s area 9 and

10), lateral orbitofrontal circuit (originating from the lower lateral parts of

13



the prefrontal cortex, Brodmann’s area 10) and anterior cingulate circuit

(originating from the medially located cingular cortex, Brodmann’s area 24).

After their anatomically diverse areas of origin these circuits run closely

adjacent to each other, although segregated, within the subcortical structures

of caudate, globus pallidus, substantia nigra, thalamic nuclei and

interconnecting white matter structures, e.g. capsula interna and corona

radiata, before returning to the frontal cortex, thus forming a closed circuit.

These circuits play crucial roles not only in cognitive function but also in

motor execution.

The anterior cerebral artery (ACA) supplies the rostral sensorimotor

cortex and the anterior two-thirds of the corpus callosum by way of its

calloso-marginal and pericallosal branches. From the point of view of blood

supply, the front-basal ganglia circuitry and the motor-related areas, i.e.

SMA, premotor cortex and prefrontal area, are allocated within the ACA

domain. Thus it is reasonable to speculate that the ischemic stroke of this

artery may lead to damage of these areas and help the determination of the

possible modulation or generation source of MRCP. In addition, corpus

callosum is often involved in ACA infarct and it may cause fibers

connecting bilateral cerebral hemispheres damaged. And its detrimental
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effect on MRCP conformation is also keen to be learned. Finally, since the
hand strength in most of the ACA infarct patients was intact and may less
the confounding effect of the diminution of muscle strength on MRCP
conformation. Footed on the aforementioned ground, the present research
was designed to elucidate the MRCP issue in stroke patients with ACA

infarct.

s

% - & &% B & (Aim and Objectives)
To examine how will the MRCP conformation be affected by ACA infarct?
This will be helpful for the elucidation of the modulator or generator of

MRCP.
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2.1 Population:

Seven patients with MRI-illustrated left ACA infarct were recruited

from the Department of Neurology of the China Medical University

Hospital and the subjects gave their written informed consent prior to

the examination. The study was approved by the local ethic committee.

The patient group consisted of 5 men and 2 women with a mean age

of 63 (£ 10.5 SD) years. None of the patients showed signs of a

paresis of upper limbs.

In order to achieve a homogenous, defined population, all patients

with diffuse brain damage, previous brain disorders (e.g. traumatic,

inflammatory, toxic, and hypoxic) or psychiatric disorders (e.g.

depression) were excluded. The examination took place in the chronic

phase at least 2 months after the acute stroke. Seven normal volunteers

were examined as a control group. This group consisted of 5 men and

2 women with a mean age of 61 (£ 12.0 SD) years.

16



93@{7@3‘:;{;‘

221

2.2.2

Paradigm and experimental procedure:

During MRCP recording, subjects sat comfortably in an armchair with

their elbows slightly flexed and their forearms resting on the armrests

while looking at a fixed red spot 1.5 meters in front of them. The

experimental paradigm consisted of self-paced brisk extension of either

side of wrist. Subjects were instructed to carry out the movement in

frequency of around 1 movement per 7 seconds. They were further

asked to sit as relaxed as possible and not to blink during a period of 2

s before and after movement onset to avoid contamination of artifact.

Before recording, the task was practiced until subjects performed

sufficiently well. To avoid fatigue effects, the recording sessions were

paused every 4 min until the subjects declared themselves ready to go

on. The total recording time in the patient group did not exceed 50

min.

Data acquisition:

A 26-channel-EEG as well as vertical electrooculography (EOG) and

surface EMG of the either-sided wrist (extensor digitorum communis,

EDC) were recorded using a SynAmps amplifier (NeuroScan,

17



Neurosoft, Inc. Sterling, Va, USA). All data were digitized, displayed
and stored by a PC system. A bandpass filter was set from 0.05 to 70
Hz for EEG data. Twenty six Ag/AgCl EEG electrodes were placed
according to the extended International 10-20 system using the
EasyCap-system (Electro-Cap International, Eaton, USA) and were
referenced to linked earlobe electrodes (A1/A2). Impedance was kept
below 5 kQ. At least one hundred artifact-free EEG epochs per subject
were averaged and analyzed.

51= g st iz

2.3 Data analysis:

All data were analyzed offline. EMG onset for each movement was
identified by visual analysis and marked. Trials confounded by artifacts
(i.e. blinks or DC-shifts) were removed after visual inspection. No
additional algorithms for blink artifact correction were used. EEG data
were segmented relative to EMG onset (from 2 s before to 1 s after
EMG onset), filtered (high-pass filter at 0.05 Hz, 24 dB/oct, lowpass
filter at 70 Hz, 24 dB/oct), baseline-corrected (using the first 200 ms as
a baseline) and averaged. Grand Averages of the patient and the control

groups were generated. EMG was rectified and averaged. All data

18



processing was carried out using BrainVision Analyzer Software

(Brainproducts, Munich, Germany). The different subcomponents of

the MRCPs were identified visually in the Grand Averages.

The averaged MRCP waveforms in the 26 electrodes were obtained

to compare the difference between the patients and the normal subjects.

We calculated the mean amplitude between -1500 ms and -500 ms

which is thought as the Bereitschaftspotential (BP) and the mean

amplitude between -500 ms and 0 ms which is thought as the negative

slope (NS’). The latency and the amplitude of the motor potential (MP)

were also measured. The rectified EMG recordings of the right and left

self-paced movements were compared. The amplitude were compared

using nonparametric test (Mann-Whitney U Test for 2 independent

samples between the groups and Wilcoxon Signed Ranks Test for 2

related samples with C3/C4). All statistics were performed with the

Statistical Package for Social Sciences (SPSS 10, Chicago, USA).
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3.1  Descriptive statistics
3.1.1 Lesion data:
Seven patients (Table 1) with MRI-defined left medial frontal lobe or
SMA infarction (Figure 1-6) due to ACA territory ischemic stroke
were recruited. The patient group consisted of 5 men and 2 women
with a mean age of 63 (£ 10.5 SD) years. None of the patients showed
signs of a paresis of upper limbs. Seven normal volunteers were
examined as control group. The control group consisted of 5 men and

2 women with a mean age of 61 (£ 12.0 SD) years.
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Table 1. List of the 7 patients included in the study

P'tNo. Sex  Age Lesion location Symptoms
1 M 55 Left medial frontal lobe, Abulia, Amnesia,
cingulate gyrus, Right leg weakeness

genu of the corpus callosum
2 M 68 Left medial frontal lobe, Abulia, Amnesia,
cingulate gyrus, Rright leg weakness

genu of the corpus callosum

3 M 48 Left medial frontal lobe, Right leg weakeness

SMA
4 M 72 Left medial frontal lobe Right leg weakeness
5 F 54 Left medial frontal lobe, Abulia, Right leg weakness

SMA, cingulate gyrus,
genu of the corpus callosum

6 M 76 Left medial frontal lobe, Right leg weakeness

SMA
7 F 67 Left medial frontal lobe, Abulia, Right leg weakness

cingulate gyrus,

genu of the corpus callosum

All lesions were located in the anterior cerebral artery territory

Figure 1. Brain image of the patient 1.

CT scan: The image showed acute infarction of the left medial frontal

21



lobe in the anterior cerebral arterial territory.

DWI of MRI scan of patient 1: bright foci in the left medial frontal lobe,
genu of the corpus callosum, medial parietal lobe

Coronal view. T2-weighted MRI scan of patient 1.
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Saggital view of patient 1: FLAIR MRI scan showed bright foci
in the anterior two-third of corpus callosum

MRA of patient 1 showed segmental
absence of distal portion of the left anterior cerebral artery.
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Figure 2. Brain image of the patient 2.

MRI showed acute infarction of left medial frontal lobe,
cingulate gyrus and genu of the corpus callosum.

Figure 3. Brain image of the patient 3.

Brain CT and MRI showed subacute infarction of
left medial frontal lobe and SMA.
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Figure 4. Brain image of the patient 4.
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Figure 5. Brain image of the patient 5.

Brain MRI showed acute infarction in left medial frontal lobe,
SMA, cingulate gyrus, corpus callosum.

Figure 6. Brain image of the patient 6.

Brain CT and MRI showed infarction of left medial frontal lobe and SMA.
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3.1.2 MRCPs: patient group

In the patient group, all of the MRCP subcomponents showed a more

pronounced negativity than could be observed in the control group.

The NS’ were increased bilaterally with dominantly over the lesioned

hemisphere during right hand movement (Figure 7, 8). Moreover, loss

of lateralization was also noted in the patient group as comparing the

amplitude of C3 with C4 during the either the left or the right wrist

movement (Figure 9, 10).
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Figure 7. Grand Averages of the MRCPs for patient group (red lines) and the
control group (black lines). Increased BP, NS’ and MP over lesioned (left)

hemisphere were observed in patient group under right wrist movement.
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Figure 8. Grand Averages of the MRCPs for patient group (red lines) and the
control group (black lines). The amplitudes of BP, NS and MP of intact (right)
hemisphere were not increased as observed in Figure 7 in patient group under
left wrist movement. However, the normal lateralization was not detected as

compared with the controls.
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Figure 9. Loss of lateralization in patient group as comparing amplitude of C3

with C4 during right wrist movement.
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Figure 10. Loss of lateralization in patient group as comparing amplitude

of C4 with C3 during left wrist movements.
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3.2

Inferential statistics

Mann-Whitney U Test performed for the NS’ (-500 ms to 0 ms)

revealed a significant difference of amplitude between patients and

control groups (P =0.001) during right wrist movement (Table 2).

Wilcoxon Signed Ranks Test performed for the NS’ (-500 ms to 0 ms)

revealed no significant difference of amplitude as comparing

amplitude of C3 with C4 during either-sided wrist movement (Table 3)

in the patients group and suggested loss of lateralization. On the other

hand, Wilcoxon Signed Ranks Test performed for the NS’ (-500 ms to

0 ms) revealed a significant difference of amplitude as comparing

amplitude of C3 with C4 (P = 0.036) during left wrist movement

(Table 3) in the control group and suggested lateralization.

Mann-Whitney U Test performed for the BP (-1500 ms to -500 ms)

revealed no significant difference of amplitude between patients and

control groups during either-sided wrist movement. (Table 4).

30



Nonparametric test (2 independent samples).

Mann-Whitney U Test P(NS’)R — P(NS’)L -
C(NS’)R C(NS’)L
Asymp. Sig. (2-tailed) |.001* 314

Table 2. Significant difference of NS’ amplitude between patients and control groups

(P=10.001) during right wrist movement.

P: Patients; C: Control; R: Right wrist movement; L: Left wrist movement

Nonparametric test (2 related samples).

Wilcoxon Signed | C(NS’)L3 — | P(NS’)L3 — | C(NS’)R3 - | P(NS*)R3 —

Ranks Test C(NS’)L4 | P(NS’)L4 | C(NS’)R4 | P(NS’)R4
Asymp. Sig. .036* 179 A3 779
(2-tailed)

Table 3. Significant difference of NS’ as comparing amplitude of C3 with C4 during
left-sided hand movement (P = 0.036) in the control group that suggest lateralization.
No significant difference of NS’ as comparing amplitude of C3 with C4 during
either-sided hand movement (P = 0.779) in the patients group and suggest loss of
lateralization.

C: Control; P: Patients; L: Left wrist movement; R: Right wrist movement; 3: C3; 4: C4

Nonparametric test (2 independent samples).
Mann-Whitney U Test P(BP)R -
C(BP)R

P(BP)L -
C(BP)L

Asymp. Sig. (2-tailed) | .149 224

Table 4. No significant difference of BP amplitude between patients and control
groups during either-sided wrist movement.

P: Patients; C: Control; R: Right wrist movement; L: Left wrist movement
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The present study examined movement related-cortical potentials
(MRCPs) in the stroke patients with left ACA infarct and compared the
data with those of the controls. Three main results can be summarized: (1)
some of the MRCP subcomponents showed a more pronounced
negativity in the patient group than could be observed in the control
group; (2) the amplitudes of NS’ were especially noted to be increased
over the bilateral hemispheres in the patient group on the right hand
movement as compared with the controls (3) loss of lateralization of NS’
was noted in the patient group on the right hand movement, similar trend
can also be observed on the left hand movement.

The present study revealed increased NS’ components in stabilized
stroke patients. These MRCP components have been suggested to reflect
different processes. NS’ is lateralized toward the hemisphere contralateral
to upper extremity movements in healthy control subjects and is supposed
to represent the programming of specific movement characteristics, such
as the required force (Lang, 2003).” In a recent review, Toma and Hallett

(2003)* concluded that the NS’ component is generated by the anterior
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bank of the central sulcus, corresponding to the contralateral primary
motor cortex (M1). Functional recovery of these processes may be
possible after poststroke paresis and this deficit might also be partially
compensated by enhanced activity during movement execution. This
finding was in line with Wiese et al (2005),” who examined 12 patients
with infarction in the territory of the left middle cerebral artery for more
than 1 year. They found significantly decreased NS component over the
lesioned hemisphere contralateral to the movement which was interpreted
to represent impaired M1 functioning in cortical stroke patients and
increased MP component over the contralesional hemisphere which
implied the represence of functional reorganization of motor execution.
In contrast to the patients’ population as studied by Wiese et al., the
current patients were with lesions located in the mesial frontal cortex
with intact primary motor cortex. The increased NS’ component and loss
of lateralization of MRCPs over the lesioned hemisphere contralateral to
the hand movement in the current study might reflect enhanced
ipsilesional M1 functional activation in ACA territory stroke patients.
The enhanced contribution of the ipsilesional prerolandic area might

reflect the need for increased attentional resources during voluntary
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movement, compensating for the reduced planning abilities and
supervising movement execution. Since the primary lesion was allocated
in the medial frontal region, we speculated that the aforementioned
enhancing phenomenon could be attributed to the release of the M1 from
certain kind of inhibition or restriction from the lesion site. The
possibility will be discussed in the later part of this session (Figure 11). In
addition, a trend towards more increased MRCP subcomponents at
electrodes FC3, T7, P7; F3, C3, CP3, P3; FZ, FCZ, CZ and F4, C4, CP4,
FC4 during right wrist movement was also observed in patient group. The
phenomenon suggests that the impaired unilateral medial frontal region
may have pathophysiological impact on motor preparation or planning
bilaterally, with somewhat more obvious impact on the ipsilesional side.
The finding kept with the modern concept that the fibers of the
supplementary motor areas (SMA) or nearby regions travel bilaterally to
innervate the areas for motor control and execution (Deecke et al., 1987,
Luppino et al., 1993; Ikeda et al., 1995, 1999)14’19’5’26. From the clinical
point of view, these patients had decreased ability to divide their attention
and may perform the movement less automatically, which culminated in

the requirement of more attentional resources to perform the task.
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Improvement of motor function in most patients after hemiparetic
stroke is associated with reorganization of central motor networks
(Liepert et al., 2000; Nelles et al., 2001)*"**. In these patients, three
patterns of activation have been identified likely representing different
mechanisms of reorganization: (1) enlarged activation in primary motor
cortex (M1) of the damaged hemisphere (contralateral to movement). (2)
Recruitment of secondary motor cortices (SMA, premotor cortex,
cingulate areas) or somatosensory cortex in the lesioned hemisphere. (3)
Recruitment of sensorimotor motor cortex in the undamaged hemisphere
ipsilateral to the moving limb (Weiller et al., 1993; Cramer et al., 1997;
Cao et al., 1998).*7" In a functional MRI (fMRI) study on cortical
stroke patients, Cramer et al. (1997)°° found ipsilesional premotor cortex
activation and Cao et al., (1998)’' concluded profound activation was
observed during the ipsilateral paretic hand movements in two patients
with left frontal infarction. Ipsilateral responses in stroke patients were
supposed to represent a compensation of the brain damage in the
contralateral middle cerebral artery (MCA) territory stroke patients.
These patients were paretic in the initial stage after stroke, since their

lesions include structures, which were vital for executing movements.
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In addition to stroke patients, Wiese et al. (2004)® reported
phenomenon of electrophysiological functional change after traumatic
frontal lobe injury. They found significantly reduced BP area, delayed
BP onset over the lesioned hemisphere and increased MP component
over the hemisphere contralateral to lesion side, which was interpreted to
represent the relatively enhanced contribution of the postrolandic
ipsilateral cortex during motor execution and pointed to a contribution of
the ipsilateral hemisphere in reorganizing the cortical motor network in
these patients.

Feydy et al. (2002)** described different patterns of reorganization over
time by using fMRI, with a focalization ofipsilesional SM1 activity
mainly seen in subcortical stroke and a persistent recruitment of areas
outside the ipsilesional SM1, including the contralesional motor cortex,
was observed in cortical stroke. The presence of recruitment or focusing
seemed to depend mainly on whether the M1 was damaged; persistent
recruitment was observed in 3 of 4 patients with M1 injury, and focusing
was seen in 8 of 10 patients with spared M1. It is likely that the cerebral
cortex involvement is the pivotal factor for the determination of

recruitment. If this is true, then it would be possible that the recruitment
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phenomenon can also be observed in patients after ACA infarct, in
which the cerebral cortex of the frontal, SMA or cingulated gyrus may
be involved. Thus the current findings may reflect the
electrophysiological pattern after reorganization rather than naive lesion
after ischemic stroke. Phenomenon of reorganization had also been
illustrated in middle cerebral arterial stroke patients by using transcranial
magnetic stimulation. Caramia et al. (1996)* found ipsilateral motor
evoked responses in stroke patients’ hand muscles 3—15 days after the
incident elicited in the unaffected hemisphere, a finding that could be
replicated in several other studies (Netz et al., 1997; Caramia et al.,
2000).***> Activations of the ipsilateral motor cortical network during
finger movements had also been described in PET (Weiller et al., 1993,
1992; Chollet et al., 1991; Scitz et al., 1998)***°** and EEG studies
(Green et al., 1999)*° in patients with stabilized stroke.

The present study also revealed increased MP (data not shown)
components of lesioned hemisphere when moving the contralateral hand
in stabilized stroke patients. The MP has been suggested to reflect
afferent sensory input from the periphery (Lang, 2003; Toma and Hallett,

2003)*** but also activity of the pyramidal neurons, which generate the
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final motor output to the spinal cord (Ikeda and Shibasaki, 2003).*
Furthermore, varying effects on NS’ and MP on the lesioned side might
be explained by vulnerability effects, depending on the functional
properties of M1 neurons.

To our knowledge, only two studies exist that examined MRCPs in
patients with frontal lesions caused by cerebrovascular events. McNabb
et al. (1988)’ recorded MRCPs from one patient 6 weeks after the sudden
onset of a dense right hemiplegia and mutism with left anterior cerebral
artery territory infarction, involving the left medial frontal and parietal
cortex and corpus callosum, and showed an attenuated
Bereitschaftspotential and a less asymmetry of the NS' component of the
premotor negativity with right finger than with left finger movement.
The authors hypothesized that this difference was due to simultaneous
activation of motor centers in both hemispheres. Singh and Knight
(1990)"° recorded MRCPs from 11 patients with lesions centered in
dorsolateral prefrontal cortex (5 right, 6 left) and all patients were
studied at least 6 months post-lesion. The authors reported reduced or
abolished BP and NS subcomponents in their patient group, while the

MP component was relatively spared and suggested premotor (area 6)
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and frontal eye field (area 8) make larger contributions to MRCP
generation. Unilateral lesion of either the left or the right frontal cortex
resulted in bilateral MRCP reduction indicating that each frontal lobe
had bilateral input into sensorimotor regions. It is intriguing to find that
the current data travel in a complete opposite way to those of previous
reports. In the current study, the main lesion sites were allocated at the
medial frontal regions, including SMA, which are different from the
previous report with dorsolateral prefrontal involvement where premotor
cortex may be engaged. From the physiological point of view, pre-SMA
(Area F6) may convey inhibitory impulses, i.e. generation of negative
seizures (Noachtar and Liiders, 1999; Satow et al., 2002)*"**; loss of
motor function induced by electric stimulation to the negative motor
areas (Liders et al., 1995)*, to relevant motor regions in addition to
excitatory ones. It is more likely that diminution of the inhibitory
impulses of pre-SMA may contribute to the larger amplitudes of MRCP
in the current ACA infarct patients (Figure 11). Another possibility is that
more excitatory cortical regions are recruited for the motor execution
functional set after a time lag of stroke as compared with the pre-stroke

or early stroke state. The later possibility may also be attributed to the
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development of the current findings. However, this speculation requires

further fMRI study for the elucidation.
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Figure 11. Proposed model to illustrate that the diminution of the inhibitory impulses
of pre-SMA (Area F6) may contribute to the release effect of M1 and the larger
amplitude of MRCP in current patients with left medial frontal lobe or SMA infarct.
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The interpretation of supplementary motor areas (SMA) involvement is
supported by anatomical studies. The prefrontal cortex is known to be
connected to the SMA by two main routes. The first one connects the
prefrontal cortex to the striatum, from there via pallidum to the thalamic
nuclei ventralis anterior and ventralis lateralis and finally to the cortical
motor areas. One of the cortical areas is the SMA. Afferent fibers from the
above mentioned thalamic nuclei have been demonstrated (Jiirgens, 1984).**
On the other hand a more direct cortico-cortical route between the
prefrontal cortex and the mesial motor areas exists, connecting not only the
rostral SMA with area 46 (Luppino et al., 1993; Lu et al., 1994),"* but
also with prefrontal areas 8, 9, 11 and 12 (Bates and
Goldman-Rakic,1993)."® These anatomical findings indicate that pre-SMA
is involved in the control of motor processing and fulfils the ‘supramotor’
hypothesis  (Rizzolatti et al., 1998).* In addition to the contribution of the
SMA, intracranial recordings (Ikeda et al., 1995; Neshige et al., 1988)5’47
and dipole analysis studies (Praamstra et al., 1996)*" found the contra- and
ipsilateral sensorimotor cortex to be involved in the generation of the BP

component. Therefore, disturbed activity of the bilateral sensorimotor areas
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during movement preparation, possibly caused by deranged neuronal input
from the prefrontal cortex (BA 46, 10, 12) via the ventral premotor cortex
(Barbas and Pandya, 1987)* may also contribute to the altered BPs in the
current patients.

The anterior cingulate circuit, origining in the anterior cingulated gyrus
and projecting to the ventral striatum. The latter includes the nucleus
accumbens, olfactory, and part of the ventromedial caudate and putamen.
The ventral striatum then connects to the ventral and rostrolateral globus
pallidus and rostrodorsal substantial nigra, which in turn projects to the
paramedian part of the MD nucleus of thalamus ultimately projects back to
the anterior cingulated cortex. Each cingulate gyrus has complex reciprocal
connections with other limbic structures and frontal cortex and appears to
provide an interface between the decision-making process of the frontal
lobe and the emotional world of the limbic system. Dysfunction of the
circuit results in the medial frontal-anterior cingulated syndrome with
apathy and reduced initiative. The integrity of this circuit is critical for drive
and motivation. The clinical manifestations of abulia or akinetic mutism
appeared in the current four patient can probably be a result of functional or

structural damage to the anterior cingulate circuit.
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51= &) # % 4] (Study limitation)

1)

2)

Low spatial resolution: the main restriction of scalp-recorded potentials
is the low spatial resolution. A direct identification of the neuronal
structures underlying the MRCPs is not possible. Literature dealing with
source localization of MRCPs exists. Source density studies found
active generators at midline locations which were interpreted as SMA
activity in a time period surrounding movement onset (Kndsche et al.,
1996)°° as well as during the BP-period (Cui et al., 1999).”' Recent
functional magnetic resonance imaging (fMRI) studies, providing a
much better spatial resolution, came to the conclusion that SMA,
namely its anterior part (pre-SMA), is involved in the early stage of the
movement preparation process (Lee et al., 1999; Cunnington et al.,
2002).7%

Old age: Recording of the movement-related cortical potentials requires
good cooperation from the subjects. Avoidance of blinking artifacts
(Figure 12), relaxation, proper timing and briskness of movements are
especially important, and all these factors depend on the subject.
Subjects failed in recording of the MRCPs in this study due to too much

blinking artifacts are listed in Table 5.
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3) Sample size: ACA infarct patients are relatively rare as compared with
other types of ischemic stroke and cause the sample sizes in the current
study being insufficient to allow further stratification according to acute
or chronic stage. More subjects are necessary to observe alterations of
the temporal or spatial distribution of the MRCP and differential effects

on the MRCP subcomponents after lesions of the cortical motor areas.
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Figure 12: Blinking artifacts. Trials confounded with blink artifacts were removed

after visual inspection.

Table 5. List of the 5 patients failed in the MRCP recording
P'tNo. Sex  Age Lesion location Symptoms
1 F 83 Left high medial frontal lobe Abulia, Right leg weakeness
2 M 66 Left frontal and parietal lobe Right leg weakness
3 F 82 Right medial frontal lobe Left leg weakeness
4 F 83 Left medial frontal lobe Right leg weakeness
5 M 68 Left medial frontal lobe Right leg weakness

All lesions were located in the anterior cerebral artery territory
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FIF BHEER
53— ﬁﬁ 2# (Conclusion)

In conclusion, by taking advantage of the superior temporal resolution of
the MRCPs, we demonstrated enhanced activity (with ipsilesional
dominantly) directly preceding movement onset and during movement
execution in stroke patients with left ACA territory infarct. These results are
in line with the idea of prefrontally mediated early preparatory processes
(Wiese et al., 2004; Keidel, 1983),%** presumably affected by medial
structures (Cunnington et al., 2002).” The results could be due to
diminution of pre-SMA inhibitory inputs to the subsequent motor regions or
due to the recruitment of the nearby excitatory cortical regions for the

compensation of motor impairment of the ACA infarct.

537 &Y 23 (Suggestion)
The MRCP paradigm used in this study enables us to examine
movements initiated by the subject and the high temporal resolution of the
EEG allowed the investigators to distinguish between the processes of

motor planning and execution. Our findings complement imaging studies
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and provide an example of the successful application of the MRCPs to the

study of vascular brain lesions.

More subjects are necessary to determine the effects of temporal or

spatial distribution of the MRCP and differential effects on the MRCP

subcomponents under functional MRI image and MRCP topographic

mapping.

In this proposal, we demonstrate alterations in the movement related

cortical network in the stroke patients by comparing ACA infarct patients’

MRCPs to those of a healthy control group and to observe how the change

of cortical excitability will affect the MRCP behavior. Footing on this

ground, we verify the role and the hypothetic accuracy of the MRCP

generated regions of the brain. We believe the findings help out understand

the functional reorganization of the motor preparation of the brain after

ACA infarct. Further study with functional MRI is mandatory to visualize

the alteration of set pattern for motor execution.
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