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Abstract: Involuntary abnormal movements have been reported after ischaemic and haemorrhagic stroke. Post stroke
movement disorders can appear as acute or delayed sequel. At the moment, for many of these disorders the knowledge of
pharmacological treatment is still inadequate. Dopaminergic and GABAergic systems may be mainly involved in post-
stroke movement disorders. This article provides a review on drugs commonly used in post-stroke movement disorders,
given that some post-stroke movement disorders have shown a partial benefit with pharmacological approach.
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INTRODUCTION

Movement  disorders  represent a  documented
complication of stroke; both hyperkinetic and hypokinetic
movement disorders have been explained after ischaemic and
haemorrhagic stroke [1,2]. Hemichorea-hemiballism [2,6-
10], dystonia [2-7], tremor [2,7,11-13], myoclonus [1,2,7,9],
parkinsonism [2,6,9,14] have been reported after stroke
[2,9,10] as well as in a delayed setting [2,7,10] or as
progressive conditions [2,7]. In contrast, transient dyskinesias
could represent a symptom of transient ischaemic attacks
[1,2,15].

The frequency of post-stroke abnormal movements is
unclear. One study which included 1,500 stroke patients,
showed that 3.7% of these patients developed movement
disorders [9], while Ghika-Schmid et al. [10], described a
prevalence of movement disorders in 1% of post stroke
patients and an incidence of 0.08%. In both studies
hemichorea was the most common movement disorder
[9,10].

The time course for the development of movement
disorders varies considerably from the day of the onset of
stroke to several years later and it also depends on the type
of movement disorder [2,7,9,10]. In fact, chorea appears
earlier (mean 4.3 days post-stroke) while parkinsonism much
later (mean 117.5 days post-stroke) [9]. However, there is a
wide variability within each movement disorder; the delay in
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developing dystonia after stroke can be from 1 day to 5 years
[2] and this may affect the time required for the partial
recovery of motor functions and the development of
pathological circuitry [7].

This review aims to delineate the efficacy and safety of
drugs used in the treatment of post-stroke movement
disorders.

PubMed and Medscape were reviewed (1990-2011) and
English-language articles were identified with the key
words: movement disorders, post stroke and drug treatment.
Secondary searches included articles cited in sources
identified by the primary search.

PATHOPHYSIOLOGY OF MOVEMENTS DISORDERS

The basal ganglia represents an area in the brain most
often interested in post-stroke movement disorders (Fig. 1).
Basic functions of the pathways of the motor cortex is to act
as a cortical feedback loop in which signals from the neo-
cortex are relayed through the striatum, pallidum and
thalamus back to the cortex. The cortex sends excitatory
inputs to the striatum; the striatum inhibits the pallidum
which, in turn, inhibits the thalamus [16]. The effect of
cortical activity is to trigger the striatum to release the
thalamus from pallidum inhibition, thus allowing thalamic
outputs to excite the cortex [16]. These direct pathways are
modulated by excitatory indirect pathways from both
substantia nigra (dopaminergic) and subthalamic nucleus
(glutamate). At rest, neurones in the striatum are quiescent
and those in pallidum are active, thereby inhibiting the
thalamic excitation of motor cortex. Before and during a
movement, the striatum becomes active and inhibits the
pallidum, allowing more excitation of the motor thalamic
nuclei and cortex [16]. Both small vessel diseases and small
deep infarcts represent the most common sub-types of stroke
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Fig. (1). Representation of neuronal connections in the basal ganglia. Broken lines represent inhibitory connections, and unbroken lines
represent stimulatory connections. SNc: substantial nigra pars compacta; GPi: globus pallidus pars interna; STn: subthalamus nucleus; SNr:
substantial nigra pars reticulate; GPe: globus pallidus pars externa. DA: dopamine; Glut: glutamate; GABA: gamma-aminobutyric acid A.

leading to abnormal movements [9,10]. In Alarcon’s study,
patients with deep lesions in the basal ganglia, thalamus and
brain stem, whom developed abnormal movements, have
significantly more haemorrhages compared to patients with
infarct lesions [9]. Large and medium vessel atherothrombosis
and cardiac embolisms are other potential causes of strokes
leading to abnormal movements [7,9].

Pathophysiologically, these disorders are characterized
by a lower basal ganglia output resulting in a disinhibition of
the thalamo-cortical systems, releasing cortical motor areas
and allowing movements that are normally suppressed. In
patients with vascular parkinsonism, these symptoms could
be caused by vascular lesions disrupting the interconnecting
fibre tracts between basal ganglia, thalamus and motor
cortex which leads to disruption of both the sensorimotor
integration [9] and the descending reticular pathways to the
major centres of the brain stem. Furthermore, the specific
manifestations of movement disorders may be determined by
the presence or absence of other abnormalities, such as the
level of basal ganglia output synchronization [17]. Recently
Lin et al. [18], showed that an impairment of the GABAergic
system in substantia nigra may induce involuntary movement
disorders. Moreover, a degeneration of dopaminergic nerve
terminals after cerebral ischemia was described in the
strionigral system [19].

Dopaminergic and GABAergic systems may be mainly
involved in post-stroke movement disorders. In particular,
GABA mediates the majority of fast inhibitory synaptic
transmission in the CNS; glycine is the inhibitory transmitter

for some neurons in the brainstem and spinal cord [20].
GABA and glycine receptors are pentameric arrangements
of subunits around a central pore that conducts chloride
when opened by transmitter binding, thus inhibiting the
postsynaptic cells. Therefore, drugs that are capable to
modulate Dopaminergic or GABAergic tone are usually used
in the management of post-stroke movement disorders
(Table 1).

DRUG TREATMENT

The drugs used in each condition are shown in Table 1.
However, no firm guidelines for the management of
movements disorders are available at the moment due to the
limited number of patients.

HEMICHOREA-HEMIBALLISM, DYSTONIA

Chorea consists in irregular unilateral, purposeless,
abrupt, rapid, brief, jerky, un-sustained movements that may
involve all parts of the body, but predominantly interests
distal parts and most often only one side of the body
(hemichorea) [21-23]. Ballism, a severe form of chorea, is
characterized by wide amplitude, flinging movements,
usually involving the proximal limbs and most often affects
only one side of the body (hemiballism) [24-26]. Usually a
lesion in the contralateral subthalamic nucleus is the cause of
ballism, though, pathology in other subcortical areas may
also be involved [21,22,24].

Hemichorea post-stroke may be induced by both
ischemic and haemorrhagic stroke [27]. Nevertheless, chorea
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Table 1. Pharmacotherapy Options in Post-stroke Movement Disorders
Abnormal Movements Pharmacotherapy Options: Case Report Clinical Review
Trial
Hyperkinetic movements disorders Refs Refs Refs
Hemichorea-Hemiballism Typical neuroleptics—haloperidol, pimozide, 36,44,45,46,47,48 34,35,41,43 2,33
perphenazine, fluphenazine
Atypical neuroleptics —olanzapine, quetiapine,
sulpiride, clozapine
Tetrabenazine, reserpine
Clonazepam
Sodium valproate
Levetiracetam
Topiramate
Dystonia Botulinum toxin 3,54 2,21,25,55
Clonazepam, diazepam
Baclofen
Benzhexol, trihexyphenidyl
Tetrabenazine
Tremor Clonazepam 64,68 65,66,67 2
Sodium valproate
Propanololo
Myoclonus Clonazepam, sodium valproate 73,75 74 2,76,77
Levetiracetam, piracetam, primidone, acetazolamide
Hypokietic movements disorders 81,84
Parkinsonism partial benefit to dopaminergic therapy

is an unusual complication of acute vascular lesions,
observed in less than 1% of patients with acute stroke [28].
Rarely, vascular ballism and chorea can occur bilaterally
[21,22,24-26]. Many patients with ballism have distal
choreic movements and, when recovery takes place,
hemiballism often changes to hemichorea and hemidystonia
[21,22].

Alarcon et al. [9], showed that in eight patients with
hemiballismus, one had subthalamic lesions, one pallidal
lesion, and six thalamic lesions.

Lesions of the subthalamic nucleus presumably reduce
the inhibitory output of globus pallidus in the thalamus,
thus increasing the excitatory drive to the cortex with
the development of contralateral hyperkinetic movements
[29,30]. The different topography of each lesion in patients
with hemichorea showed the importance of cortical-basal
network in the development of movement disorders. The
moyamoya disease is an uncommon cause of vascular
chorea, it is an intracranial vasculopathy that evidences an
ischemic lesion or, less commonly, hemorrhagic stroke of
the basal ganglia [31].

Post-stroke dyskinesia is wusually reported as pure
movement disorders, but it can be variable, enclosing several
components and be difficult to classify [10,32].

Since chorea and hemiballismus may be part of the same
spectrum of diseases, the term “hemichorea—hemiballism” is
used. [1]. Athetosis and sometimes dystonia may also be
combined with hemichorea—hemiballism [1].

Pharmacological treatment includes anti-dopaminergic
drugs including typical and atypical neuroleptics and

catecholamine-depleting agents. Typical neuroleptic agents
(i.e. haloperidol, pimozide, perphenazine and fluphenazine)
block dopamine 1 (D1) and D2 receptors [33] and represent
first line treatment of hemichorea-hemiballismus [2,34,35].
In particular, Ristic et al [35], studied, for a mean period
of 30 months, a cohort 27 consecutive patients with
hemiballismus as a first manifestation of ischemic strokes
treated with haloperidol (<10 mg/day) or a combination of
haloperidol and diazepam (<10 mg/day). The authors
documented no response to treatment in 2 patients (7%), a
complete improvement of symptoms in 15 patients (56%),
and a residual choreic movement in 10 patients (37%).
Atypical neuroleptics (i.e. olanzapine, quetiapine and
sulpiride) are D3 and D4 receptor antagonists [33] and their
use is related to a low risk of parkinsonism and delayed
dyskinesia [2,36]. Moreover no increased risk of cerebro-
vascular events had been documented during atypical
neuroleptic treatment (e.g risperidone or olanzapine) [37].
In experimental animal models of cerebral ischemia the
olanzapine, risperidone, and quietapine showed evidence
for neuroprotection after permanent focal cerebral ischemia
[38-40].

Clozapine had been successful in refractory cases
because it induced agranulocytosis in 1% of treated patients
[2]. Both tetrabenazine - which depletes presynaptic
dopamine and blocks post-synaptic dopamine receptors - and
reserpine - that depletes presynaptic stores of catecholamines
and serotonin - are effective in hemiballismus treatment
even if these drugs can induce depression, hypotension and
parkinsonism [41]. Either clonazepam which is a long acting
central-type GABA-A receptor agonist [42], or valproic acid
which is an indirect agonist of GABA receptors, can be used
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in both chorea and hemiballismus, in adults as well as in
children [21,41,43,44].

In particular Pena et al., [43] evaluated the efficacy of
haloperidol (3 mg/day, b. i. d.), carbamazepine (15-20
mg/kg/day, b.i.d.), and valproic acid (20 mg/kg/day, b.i.d.) in
the treatment of Sydenham’s chorea in 18 people (aged 7-15
years) and documented that valproic acid is safe and
effective and nonetheless induces a rapid response.

Levetiracetam and topiramate have shown several action
mechanisms (i.e. inhibition of calcium release from
intraneuronal stores, modulation of GABA- and glycin-gated
currents) and have been reported to be useful in the
management of patients with hemichorea/hemiballism [45],
vascular hemichorea/hemiballism [46,47] and vascular
generalized chorea [48].

D’Amelio et al., [45] reported a 78 year old man with
hemichorea who remarkably improved after treatment
with levetiracetam (final dosage 500 mg/day) however,
the authors failed to document the long time effects of
levetiracetm because the drug was dismissed due to the
presence of skin rash.

Dystonia is a neurological disorder dominated by
sustained muscle contractions, which frequently causes
twisting, repetitive, and patterned movements or abnormal
postures. Dystonic movements can be slow, manifested by
prolonged dystonic spasms resulting in abnormal postures, or
can be rapid and jerky-like movements [21,25,49].

Dystonia can involve the ipsilateral side of the face,
arm and leg (hemidystonia) or can be segmental or focal
[3,7,9]. Focal dystonia can affect the hand (most commonly),
foot, facial or lingual muscles [7,9]. Dystonia can be
associated with abnormal movements such as jerks (dystonic
myoclonus), tremor like (dystonic tremor) or athetoid
movements [1,5]. The abnormal twisting movements of
dystonia are caused by co-contraction of agonist and
antagonist muscles and voluntary movements worsen this
condition [1]. Vascular dystonia is the most common cause
of secondary movement disorders [50]. In contrast to post-
stroke spasticity, which is associated to muscle weakness
and increased by inhibitory impulses, dystonia is associated
to muscle overactivity caused by reduced inhibition at many
levels of the motor system [2]. In patients with vascular
dystonia, the lesions were most frequently seen in the
lentiform nucleus, particularly when involving the putamen
[6,51,52]. In Alarcon study, dystonia of the hand was
described as secondary to a pontine haemorrhage in a
patient, while foot dystonia with a severe proprioceptive
deficit in two patients [9]. In all patients, dystonia worsened
while they walked up or down hills; this effect could be
related to proprioceptive dysfunction [7]. Russmann et al.
[53], reported that dystonia represents a rare sequela of
lenticular infarction. Botulinium toxin, blocking the release
of acetylcholine has been used in the management of
dystonia [2,25]. Other treatments include benzodiazepines,
baclofen, anticholinergic drugs and dopamine-depleting/
blocking agents [3]. Clonazepam and diazepam are used in
the treatment of focal, segmental and generalised dystonias.
Higher dosages are limited because may cause drowsiness.
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Like botulinium toxin, the anti-cholinergic drugs block the
release of acetylcholine, deactivating muscle contractions.
Trihexyphenidyl [benzhexol] is the most common drug
among this class, but it may be more useful in younger
patients because it induces confusion and constipation in the
elderly [2,3]. Tetrabenazine can also be helpful, even if it
may paradoxically induce dystonia. Combining benzhexol
and tetrabenazine can be very effective in younger patients
[54]. Attacks of kinesigenic paroxysmal dystonia can be
controlled with other antiepileptic drugs [21,25,55].

In particular, Richter and Loscher [56] documented that
gabapentin at lower dosages (5-10 mg/Kg/day) can improve
the severity of dystonia in an experimental animal model of
idiopathic paroxysmal dystonic choreoathetosis. In contrast,
the administration of higher doses of gabapentin (10-20
mg/kg/day) may rather bear the risk to worsen dystonia.

The non- kinesigenic form of paroxysmal dystonia
are less responsive to pharmacological treatment, even if
clonazepam can be used [57].

TREMOR

Poststroke tremor occurs most commonly with a
multifocal or segmental distribution and is related to the
action, even if some exhibit a mixture of postural and kinetic
components [7,9,12,58]. The term ‘rubral’ or midbrain
tremor was used to describe a resting tremor that becomes
more severe on posture maintenance and most severe at
intention [12]. Tremor can be caused by strokes or
underlying CNS vascular malformations. Acute onset of
head tremor may follow a paramedian pontomesencephalic
infarct. An improvement of resting tremor in a patient with
Parkinson disease after infarction in the territory of
inferolateral and tuberothalamic arteries has been reported
[59]. Acute onset of a “parkinsonian tremor” may be the
earlier manifestation of stroke involving the medial tract of
the substantia nigra [60]. Tremor and dystonia secondary to
posterolateral thalamic infarctions were also documented in
children [61]. Benedikit syndrome can induce controlateral
involuntary movements, including intentional tremor,
hemicorea, or hemiasthetosis, due to destruction of the red
nucleus. Claude syndrome is another well known brain stem
syndrome that may be associated with controlateral tremors.
In vascular orthostatic tremor, a dopaminergic dysfunction
may be involved [62]. Vascular tremor is particularly
noncompliant to drug treatment. Rubral and palatal tremor
may respond to clonazepam and sodium valproate [63].
Ondo et al., [64] illustrated a case about two patients with
myoclonic tremor induced by parietal cortical lesions with
tremulous finger movements induce by action and posture
and had been successfully treated with both clonazepam and
sodium valproate as first-line agents for orthostatic tremor
[62]. Dystonic tremor is treated as dystonia [see above].
Conclusively, several reports have suggested that topiramate
can play an important role in the treatment of several forms
of tremor [65-68]. In particular, Connor [65] evaluated the
effects of topiramate (400 mg/day or maximum tolerated
dose) as monotherapy or as adjunctive treatment of essential
tremor in a placebo-controlled, crossover study (n = 24)
and demonstrated that topiramate was able to induce a
significantly greater reduction from baseline based on
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normalized scores for a clinical rating of tremor
location/severity, specific motor tasks/functional disabilities,
and tremor-resultant functional disabilities. Several years
later Connor et al., [66] combined the results of 3 randomized,
double-blind, placebo-controlled, crossover trials which
evaluated 62 patients randomized to a double-blind sequence
of topiramate (400 mg/day or maximum tolerated dose) and
then placebo (n = 30) or placebo and then topiramate (n =
32). Here, the authors documented that the total tremor score
was significantly lower with topiramate (28.7 +/- 1.0) than
with placebo (37.0 +/- 1.0), without any development of
serious adverse events. In addition, Ondo et al., [67] in a
multicenter, double-blinded, placebo-controlled, parallel-
design trial, performed in 208 patients with moderate to
severe essential tremor in the upper limbs were randomized
to receive a 24 week treatment with either placebo or
topiramate (400 mg/day) as monotherapy or as an adjunct to
an antitremor medication. It documented that topiramate was
effective in the treatment of moderate to severe essential
tremor and that topiramate treatment helped to improve
function and disabilities. Conclusevely, Siniscalchi et al.,
[68] illustrated the effects of both declorazepam (1 mg/day)
and topiramate (200 mg/day) treatment on essential tremor in
a 76-year-old man.

MYOCLONUS

Myoclonus is defined as sudden jerks typically lasting 10
to 50 milliseconds, with movements lasting rarely more than
100 milliseconds [69]. Myoclonus is usually a positive
phenomenon, causing synchronized muscle contractions in
single or multiple muscle groups. Myoclonus jerks can be
irregular, rhythmic, or even oscillatory [69]. The dysfunction
of inhibitory mechanisms may explain the neuronal
hyperexcitability that underlies some forms of myoclonus.
Therefore, myoclonus treatment aims to enhance the
deficient GABAergic inhibitory neurotransmission [70].
Animal models of myoclonus have been generated by
producing alterations of postsynaptic GABA-A and glycine
receptors [71].In general, valproate, levetiracetam and
piracetam are effective in cortical myoclonus, but ineffective
in other forms of myoclonus; while, clonazepam and sodium
valproate are considered the first choice in the treatment for
myoclonus [2]. Clonazepam is effective in all types of
myoclonus and side-effects include sedation, vertigo,
behavioural changes and tolerance and it is contraindicated
in people with acute narrow-angle glaucoma and liver
diseases [2,63]. Sodium valproate is effective in cortical and
subcortical myoclonus. Side-effects include drowsiness,
weight augumentation, tremor, nausea and alopecia. It is
contraindicated in hepatic failure [63]. Moreover, on GABA-
A receptor, levetiracetam is able to block the effects of the
negative allosteric modulators [i.e. zinc] [72] and Schauer
et al., [73] reported the efficacy of levetiracetam (1000 mg/day
for 8 months) in a 16-year-old patient affected by disabling
posthypoxic myoclonus.

Both piracetam and levetiracetam are very useful in
myoclonus [74-76].

Genton and Gelise [74] illustrated a case series on three
patients, one patient with severe post-anoxic myoclonus and
the other two with Unverricht-Lundborg disease; they were
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treated with levetiracetam 4000 mg/day respectively for 16
days, 2 weeks and 14 weeks and received treatment with
piracetam 27 and 36 mg/day as far as first and second
patients were concerned, with a significant improvement of
the symptoms. Moreover, in an open-labeled study, performed
on sixty patients with disabling myoclonus, piracetam was
reported to be effective, especially in cases with cortical
origin [75].

In cortical myoclonus, piracetam or levetiracetam can be
combined with sodium valproate and clonazepam. Piracetam
is less sedating and may be as effective as levetiracetam [2]
but both drugs should be used with caution in patients with
renal failure.

Acetazolamide is a carbonic anhydrase inhibitor that has
been reported to be useful in the treatment of myoclonus
because it is able to enhance the GABA effect and the
GABA levels in brain [77]. Primidone can be tried but it
causes drowsiness, confusion and ataxia [21].

Treatment should begin with a single agent even if
eventually several drugs in combination may be required.

PARKINSONISM

Vascular parkinsonism has been associated with
unilateral [78-80] or bilateral [81,82] basal ganglia infarcts
in the striatum or lentiform nucleus. Parkinsonian symptoms
may be caused by vascular lesions disrupting the inter-
connecting fibre tracts between basal ganglia, thalamus, and
motor cortex leading to the disruption of sensory-motor
integration [79-81] as well as descending reticular pathways
to the major centres of the brain stem [80]. Two forms of
vascular parkinsonism may be suggested: one with acute
onset, related to basal ganglia infarcts, and another one with
insidious progression, possibly associated with more
scattered subcortical white matter ischaemia [81,82].
Previous studies have reported that the first distribution of
vascular parkinsonism may be ipsilateral to the motor deficit
or bilateral with predominance in the lower limb [81].
Supportive therapy physiotherapists and/or occupational
therapists should be organized. Treatment of atherosclerosis
i.e. anti-platelet agents, statins and anti-hypertensive drugs
are also recommended.

Vascular parkinsonism has been considered a non
responder [81,82] or poorly responsive to levodopa treatment
[83-85]. However, a modest observational clinical trial
performed in seventeen older patients with vascular
parkinsonism, documented that L-dopa treatment (mean dose
450 mg/day, range 100-1000 mg/day) induced an excellent
response in three patients, a good response in nine, and a
moderate improvement in two patients during the first year,
while three patients showed no response to L-dopa doses of
300-400 mg/day [14]. Reviewing literature data, Siniscalchi
et al., [86] documented thatin patients with Parkinson's
disease, levodopa treatment can induce an increasement in
serum homocysteine levels.

In agreement, Yong et al., [87] evaluated 17 patients with
de novo Parkinson's disease, and documented a significant
increase of homocysteine levels (13.3 vs 17.0 mg/dl;
p < 0.001) after 3 months of levodopa/carbidopa treatment
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(450/75 mg/day), therefore suggesting that even if the short-
term treatment with levodopa itself is not able to induce
overall alteration of cerebral blood flow velocities and
resistances, an increase in homocysteine serum levels may be
able to induce cerebral vascular stiffness.

CONCLUSION AND DIRECTIONS FOR FUTURE
RESEARCH

Although rare, many different varieties of abnormal
movements can be found after a stroke either acutely or as a
delayed sequel. It can be hyperkinetic (most commonly
hemichorea—hemiballismus) or hypokinetic (most commonly
vascular parkinsonism). Most are caused by lesions in the
basal ganglia or thalamus but can occur with strokes at many
different locations in the motor circuit. Many are self-
limiting but treatment may be required for symptom control.
Previous clinical studies have reported that the post-stroke
movement disorders had spontaneous regression generally
within 2 weeks, only three patients [with dystonia or delayed
complex movements] were resistant to medication and had
persistant dyskinesias for >6 months [21]. An absence of
essential tremor after stroke was observed in four patients
and it may have been caused by the interruption of cerebellar
loops during the stroke [88]. In other studies the post-stroke
movements disorders worsened in time [2,7]. Alarcon et al.
[9], showed that the spontaneous regression of post-stroke
movement disorders in term of complete or partial resolution
is dependent to the type of movement disorders. In fact, at 1-
year follow-up, 10% of the patients with chorea had
improved completely and 75% partially. Other patients had
variable results; 28% of the patients with tremor acquired
complete resolution (64% partial); 31% of the patients
with dystonia had complete improvement (62% partial);
in parkinsonism one out of six patients recovered
spontaneously [9]. It has been documented that in most
patients with hemiballisms, the prognosis is positive with
complete resolution either with or without treatment [26].
However, the same authors reported that medical treatment is
able to reduce or improve the movements in patients with
major severe movement disorders [26]. The primary
treatment of most hyperkinetic movement disorders [most
commonly hemichorea—hemiballismus] is anti-dopaminergic
therapy with typical and atypical neuroleptics and
catecholamine-depleting agents [2,25], even if tetrabenazine
and reserpine may also be used [2]. The modulation of
GABAergic transmission could explain the neuronal hyper-
excitability that underlies some forms of hyperkinetic
movement disorders, therefore antiepileptic drugs are able to
increase GABAergic neurotransmission (such as clonazepam,
sodium Valproate) and can represent a useful therapeutic
option in the management of post-stroke hyperkinetic
movement disorders whenever the available treatments
appear to be ineffective.

No conclusive evidences regarding the efficacy of
pharmacological treatment in patients with vascular tremor
have been reported [14]. Moreover, there are no head-to-
head trials comparing the different pharmacological treatments
in post-stroke movement disorders therefore a direct
comparison of both efficacy and tolerability of pharma-
cological treatments is impossible. The lack of previous
research in such a matter represents a substantial challenge in
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the development of therapeutic recommendations for
some post-stroke movement disorders. Research supporting
the efficacy of antiepileptic drugs capable to enhance
GABAergic neurotransmission in the management of post-
stroke hyperkinetic movement disorders is still inadequate.
Some post-stroke movement disorders have shown a partial
benefit for pharmacological treatment or a drug resistance.
In a study on patients with vascular hemiballismus
treated with haloperidol +diazepam, 56% of patients had
complete recovery within 15 days, 37% had residual choreic
movements and 7% had no response after 30 months
[89]. Our systematic review shows that data regarding
the pharmacological treatment of poststroke movements
disorders are based only on case reports or modest clinical
trials.

Although functional recovery can occur spontaneously
after ischemic stroke, often, it is partial and insufficient thus
impossible to regain complete normal functioning [90]. In
experimental models of ischemia, a spontaneous partial
functional recovery from poststroke deficits is associated
with the brain reorganization [91,92] and spontaneous
poststroke changes in regional brain activity have been
documented in these model systems via functional magnetic
resonance imaging (fMRI) [93]. The changes in neuronal
membrane excitability, the loss of perilesional GABAergic
inhibition, the enhanced glutamatergic transmission and
the post-ischemic synaptic plasticity contribute to brain
reorganization post stroke suggest that pre-existing
functionally silent synapses around the lesion are unmasked
or disinhibited and that neuronal networks that are not
normally involved, become progressively activated [94,95]
Previous studies show that the bilateral activation of motor
pathways and the recruitment of additional sensorimotor
areas are associated with recovery from motor stroke due to
striatocapsular infarction [96]. Similarly, the recovery from
motor stroke is associated with individually different
patterns of functional reorganization of the brain depending
on both the site of the subcortical lesion and the somatotopic
organization of the pyramidal tract [97].

An excitatory postsynaptic potential boost might deeply
influence the plastic reorganization of cortical representational
maps inducing a functional connection of previously non-
interacting neurons or disconnecting formerly associated
neurons. However, it is also possible to hypothesize that, in
case of a subcortical infarct, the increased excitatory
postsynaptic potential might strengthen the spared
connections between cortical and subcortical neurons in
order to allow preservation of a physiological output signal
from the injured neural structure [95].

However, fMRI and magnetoencephalography (MEG)
data confirm the association of brain remodelling and
recovery from poststroke deficits in humans [92]. Brain
reorganization appears to be the primary observable
neuroanatomical phenomenon associated with functional
recovery from stroke [98] thus therapies capable to enhance
this limited plasticity may also produce an increasement in
recoveries. Pharmacological agents, acknowledged to
modulate practice-dependent plasticity in animal models of
brain damage, have recently received increased interest for
treatment of motor recovery after stroke [99,100].



260 Current Neuropharmacology, 2012, Vol. 10, No. 3

Conclusevely, in the future, improved knowledge of the

mechanisms underlying the effectiveness of some drugs in
several post-stroke movement disorders should be provided
in order to characterize the mechanisms of neuroplasticity
that may be responsible of post-stroke recovery and may
help to disclose new therapeutical approaches in patients
with post-stroke movements disorders.

CONFLICT OF INTEREST

The authors have no conflict of interest and did not

receive funding or other support for this article.

ACKNOWLEDGEMENT

Antonio Siniscalchi and Luca Gallelli contributed equally

to the literature search, writing and editing of this article.

Giovanni Malferrari, Angelo Labate and Caterina Palleria

contributed to the literature research

Giovambattista De Sarro contributed to the final editing

of this article.
REFERENCES

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Ghika, J.; Bogousslavsky; J. Abnormal movements. In,
Bogousslavsky, J; Caplan, L; eds. Stroke Syndromes; 2nd
edition.Cambridge, Cambridge University Press; 2001; pp. 162-181.
Handley, A.; Medcalf, P.; Hellier, K.; Dutta, D. Movement
disorders after stroke. Age Ageing, 2009, 38, 260-266.

Chuang, C.; Fahn, S.; Frucht, S.J. The natural history and treatment
of acquired hemidystonia, report of 33 cases and review of the
literature. J. Neurol. Neurosurg. Psychiatry, 2002, 72, 59-67.

Fahn, S. Concept and classification of dystonia. In, Fahn, S;
Marsden, C.D.; Calne, D.B.; eds. Advances in Neurology; Dystonia
2. New York, Raven Press; 1988, p. 58.

Krystkowiak, P.; Martinat, P.; Defebvre, L.; Pruvo, J.P.; Leys, D.;
Destée, A. Dystonia after striatopallidal and thalamic stroke,
clinicoradiological correlations and pathophysiological
mechanisms. J. Neurol. Neurosurg. Psychiatry, 1998, 65, 703-708.
Bhatia, K.P.; Marsden, C.D. The behavioural and motor
consequences of focal lesions of the basal ganglia in man. Brain,
1994, 117, 859-876.

Kim, J.S. Delayed onset mixed involuntary movements after
thalamic stroke. Clinical; radiological and pathophysiological
findings. Brain, 2001, 124,299-309.

Krauss, J.K.; Pohle, T.; Borremans, J.J. Hemichorea and
hemiballism associated with contralateral hemiparesis and
ipsilateral basal ganglia lesions. Mov. Disord., 1999, 14,497-501.
Alarcon, F.; Zijlmans, J.C.; Duenas, G.; Cevallos, N. Post-stroke
movement disorders, report of 56 patients. J. Neurol. Neurosurg.
Psychiatry, 2004, 75, 1568-1574.

Ghika-Schmid, F.; Ghika, J.; Regli, F.; Bogousslavsky, J.
Hyperkinetic movement disorders during and after acute stroke, the
Lausanne stroke registry. J. Neurol. Sci., 1997, 146, 109-116.
Lehéricy, S.; Grand, S.; Pollak, P.; Poupon, F.; Le Bas, J.F;
Limousin, P.; Jedynak, P.; Marsault, C.; Agid, Y.; Vidailhet, M.
Clinical characteristics and topography of lesions in movement
disorders due to thalamic lesions. Neurology, 2001, 57, 1055-1066.
Miwa, H.; Hatori, K.; Kondo, T.; Imai, H.; Mizuno, Y. Thalamic
tremor, case reports and implications of the tremor generating
mechanism. Neurology, 1996, 46, 75-79.

Ferbert, A.; Gerwig, M. Tremor due to stroke. Mov. Disord., 2004,
8,179-182.

Zijlmans, J.C.M.; Katzenschlager, R.; Daniel, S.E.; Lees, A.J.L.
The L-dopa response in vascular parkinsonism. J. Neurol.
Neurosurg. Psychiatry, 2004, 75, 545-547.

Tatemichi, T.K.; Young, W.L.; Prohovnik, I.; Gitelman, D.R.;
Correll, J.W.; Mohr, J.P. Perfusion insufficiency in limb-shaking
transient ischemic attacks. Stroke, 1990, 21, 341-347.

Kiernan, J.A.; ed. Barr’s The Human Nervous System, an
Anatomical Viewpoint; 8th edition. Philadelphia, Lipincott;
Williams & Wilkins; 2005, pp. 193-222.

[22]
[23]
[24]
[25]
[26]

[27]

Siniscalchi et al.

Galvan, A.; Wichmann, T. Gabaergic circuits in the basal ganglia
and movemets disorders. Prog. Brain Res., 2007, 160, 287-308.
Lin, B.; Levy, S.; Raval, A.P.; Perez-Pinzon, M.A.; Defazio, R.A.
Forebrain Ischemia Triggers GABAergic system degeneration in
Substantia Nigra at Chronic Stages in Rats. Cardiovasc. Psychiatry
Neurol., 2010, 2010, 506952.

Nagasawa, H.; Araki, T.; Kogure, K. Alteration of dopamine D1
receptor in the strionigral system of the postischemic rat brain.
Neurosci. Lett., 1992, 134,271-274.

Krauss, G.L.; Mathews, G.C. Similarities in mechanisms and
treatments for epileptic and nonepileptic myoclonus. Epilepsy
Curr., 2003, 3, 19-21.

Siniscalchi, A.; Gallelli, L.; De Sarro, G.B. Use of antiepileptic
drugs for hyperkinetic movements disorders. Curr. Neuropharmacol.,
2010, 8, 359-366.

Poston, K.L.; Frucht, S.J. Movement disorder emergencies. J.
Neurol., 2008, 255, 2-13.

Bhidayasiri, R.; Truong, D.D. Chorea and related disorders.
Postgrad. Med. J., 2004, 80, 527-534.

Crossman, A.R. Functional anatomy of movement disorders. J.
Anat., 2000, 196, 519-525.

Jankovic, J. Treatment of hyperkinetic movements disorders.
Lancet Neurol., 2009, 8, 844-856.

Hawley, J.S.; Weiner, W.J. Hemiballismus, Current concepts and
review. Parkinsonism Relat. Disord., 2011 Sep 17.

Pareés, 1.; Hernandez-Vara, J.; Alvarez-Sabin, J. Post-stroke
hemichorea, observation-based study of 15 cases. Rev. Neurol,
2010, 51, 460-464.

Cardoso, F.; Seppi, K.; Mair, K.J.; Wenning, G.K.; Poewe, W.
Seminar on choreas. Lancet Neurol., 2006, 5, 589-602.

Lee, M.S.; Marsden, C.D. Movement disorders following lesions
of the thalamus or subthalamic region. Mov. Disord., 1994, 9,
493-507.

Otto, S.; Buttner, T.; Schols, L.; Windmeier, D.T.; Przuntek, H.
Head tremor due to bilateral thalamic and midbrain infarction. J.
Neurol., 1995, 242, 608-611.

Gonzalez-Alegre, P.; Ammache, Z.; Davis, P.H.; Rodnitzky, R.L.
Moyamoya-induced paroxysmal dyskinesia. Mov. Disord., 2003,
18,1051-1056.

Kim J.S. Delayed onset mixed involuntary movements after
thalamic stroke. Clinical; radiological and pathophysiological
findings. Brain, 2001, 124,299-309.

Neil, W.; Curran, S.; Wattis, J. Antipsychotic prescribing in older
people. Age Ageing, 2003, 32, 475-83.

Dewey, R.R.; Jankovic, J. Hemiballism-hemichorea. Clinical and
pharmacological findings in 21 patients. Arch. Neurol., 1989, 46,
862-867.

Ristic, A.; Marinkovic, J.; Dragasevic, N.; Stanisavljevic, D.;
Kostic, V. Long-term prognosis of vascular hemiballismus. Stroke,
2002, 33,2109-2111.

Bashir, K. Clozapine for the control of hemiballismus. Clin.
Neuropharmacol., 1994, 17,477-480.

Liperoti, R.; Gambassi, G.; Lapane, K.L.; Chiang, C.; Pedone, C.;
Mor, V.; Bernabei. R. Cerebrovascular events among elderly
nursing home patients treated with conventional or atypical
antipsychotics. J. Clin. Psychiatry, 2005, 66, 1090-1096.

Yulug, B.; Yildiz, A.; Hiidaoglu, O.; Kilic, E.; Cam, E.; Schébitz,
W.R. Olanzapine attenuates brain damage after focal cerebral
ischemia in vivo. Brain Res. Bull. 2006, 71, 296-300.

Yulug, B.; Yildiz, A.; Giizel, O.; Kilic, E.; Schibitz, W.R.; Kilic, E.
Risperidone attenuates brain damage after focal cerebral ischemia
in vivo. Brain Res. Bull. 2006, 69, 656-659.

Bi, X.; Yan, B.; Fang, S.; Yang, Y.; He, J.; Li, X.M.; Kong, J.
Quetiapine regulates neurogenesis in ischemic mice by inhibiting
NF-kappaB p65/p50 expression. Neurol. Res., 2009, 31, 159-166.
Klawans, H.L.; Moses, H.; Nausieda, P.A., Bergen. D.; Weiner,
W.J. Treatment and prognosis of hemiballismus. N. Engl. J. Med.,
1976, 295, 1348-1350.

De Lorey, T.M.; Olsen, R.W. Gamma-aminobutyric acid A
receptor structure and function. J. Biol. Chem., 1992, 267, 16747-
16750.

Pena, J.; Mora, E.; Cardozo, J.; Molina, O.; Montiel, C.
Comparison of the efficacy of carbamazepine; haloperidol and
valproic acid in the treatment of children with Sydenham's chorea,



Post-stroke Movement Disorders

[50]

[51]

[52]

[58]

[59]

clinical follow-up of 18 patients. Arq. Neuropsiquiatr., 2002, 60,
374-3717.

Sethi, K.D.; Patel, B.P. Inconsistent response to divalproex sodium
in hemichorea/hemiballism. Neurology, 1990, 40, 1630-1631.
D’Amelio, M.; Callari, G.; Gammino, M.; Saia, V.; Lupi, L;
Salami, G; Ragonase, P.; Savettieri, G. Levetiracetam in the
treatment of vascular chorea, a case report. Eur. J. Clin.
Pharmacol., 2005, 60, 835-836.

Driver-Dunckley, E.; Evidente, V.G. Hemichorea-hemiballismus
may respond to topiramate. Clin. Neuropharmacol., 2005, 28,
142-144.

Gatto, E.M.; Uribe, R.C.; Raina, G.; Gorja, M.; Folgar, S.; Micheli,
F.E. Vascular hemichorea/hemiballism and topiramate. Mov.
Disord., 2004, 19, 836-838.

Siniscalchi, A.; Gallelli, L.; Davoli, A.; De Sarro, G. Efficacy and
tolerability of topiramate in vascular generalized chorea. Ann.
Pharmacother., 2007, 41, 1915.

Albanese, A.; Barnes, M.P.; Bathia, K.P.; Fernandez-Alvarez, G.;
Filippinia, T.; Gassere, J,K.; Kraussf, A.; Newtong, I.; Rektorh, M.;
Savoiardoa, J.; Valls-Sole. A systematic review on the diagnosis
and treatment of primary [idiopathic] dystonia and dystonia plus
syndromes, report of an EFNS/MDS-ES task force. Eur. J. Neurol.,
20006, 13, 433-444.

Netravathi, M.; Pal, P.K.; Indira Devi, B. A clinical profile of 103
patients with secondary movement disorders, correlation of
etiology with phenomenology. Eur. J. Neurol., 2011 doi, 10.1111/;.
1468-1331.2011.03469 .

Obeso, J.A.; Gimenez-Rolda'n, S. Clinicopathological correlation
in symptomatic dystonia. Adv. Neurol., 1988, 50, 113-122.
Pettigrew, L.G.; Jancovic, J. Hemidystonia, a report of 22 patients
and a review of the literature. J. Neurol. Neurosurg. Psychiatry,
1985, 48, 650-657.

Russmann, H.; Vingerhoets, F.; Ghika, J.; Maeder, P.;
Bogousslavsky, J. Acute infarction limited to the lenticular nucleus,
clinical; etiologic; and topographic features. Arch. Neurol., 2003,
60, 351-355.

Jankovic, J.; Orman, J. Tetrabenazine therapy of dystonia; chorea;
tics and other dyskinesias. Neurology, 1988, 38, 391-394.

Lotze, T.; Jaonkovic, J. Paroxysmal kinesigenic dyskinesias.
Semin. Ped. Neurol., 2003, 10, 68-79.

Richter, A.; Loscher, W. Gabapentin decreases the severity of
dystonia at low doses in a genetic animal model of paroxysmal
dystonic choreoathetosis. Eur. J. Pharmacol., 1999, 369, 335-338.
Jankovic, J.; Demirkiram, M. Classification of paroxysmal
dyskinesias. In, Fahn, S.; Fructh, S.J.; Troung, D.D.; Hallett, M.
Eds. Myoclonus and paroxysmal dyskinesias; advances in
neurology. Lippincott Williams and Wilkins, Philadelphia; USA;
2002, 89, pp. 387-400.

Chung, S.J.; Im, JH.; Lee, M.C.; Kim, J.S. Hemichorea
after stroke, clinical-radiological correlation. J. Neurol., 2004, 251,
725-729.

Choi, S.M.; Lee, S.H.; Park, M.S.; Kim, B.C.; Kim, M.K.; Cho,
K.H. Disappearance of resting tremor after thalamic stroke
involving the territory of the tuberothalamic artery. Parkinsonism
Relat. Disord., 2008, 14,373-375.

Lopez, D.J.M.; Rojas-Marcos, L.; Sanz, F.G.; Robledo, S.A. Frontal
cortical infarction and contralateral postural and international
tremor. Neurologia, 2008, 23, 62-64.

Micheli, F.; Cersésimo, G.; Palacios, C.; Scorticati, M.C.;
Tenembaum, S.; Tripoli, J. Dystonia and tremor secondary to a
pediatric thalamic stroke. Parkinsonism Relat. Disord, 1998, 4,
119-122.

Gerschlager, W.; Miinchau, A.; Katzenschlager, R.; Brown, P
Rothwell, J.C.; Quinn, N.; Lees, A.J.; Bhatia, K.P. Natural history
and syndromic associations of orthostatic tremor, a review of 41
patients. Mov. Disord., 2004, 19, 788-795.

Sawle, G. Movement Disorders in Clinical Practice. ed. Oxford,
Isis Medical Media; 1999.

Balci, K.; Utku, U.; Cobanoglu, S. Two patients with tremor caused
by cortical lesions. Eur. Neurol. 2007, 57, 36-38.

Connor, G.S. A double-blind placebo-controlled trial of topiramate
in essential tremor. Neurology, 2002, 59, 132-134.

Connor, G.S.; Edwards, K.; Tarsy, D. Topiramate in essential
tremor, findings from double-blind; placebo-controlled; crossover
trials. Clin. Neuropharmacol., 2008, 31, 97-103.

[67]

[72]

[73]

[74]

[75]
[76]

[77]

(78]

[79]

(80]

(81]

(82]

(87]

Current Neuropharmacology, 2012, Vol. 10, No. 3 261

Ondo, W.G.; Jankovic, J.; Connor, G.S.; Pahwa, R.; Elble, R.;
Stacy, M.A.; Koller, W.C.; Schwarzman, L.; Wu, S.C.; Hulihan,
J.F. Topiramate essential tremor study investigators. Topiramate in
essential tremor, a double-blind; placebo-controlled trial.
Neurology, 2006, 66, 672-677.

Siniscalchi, A.; Gallelli, L.; De Sarro, G. Combined topiramate and
declorazepam therapy in a patient affected by essential tremor.
Parkinsonism. Relat. Disord., 2007, 13, 129-130.
Shibasaki, H.; Hallett, M. Electrophysiological
myoclonus. Muscle Nerve, 2005, 31, 157-174.
Caviness, J.N.; Brown, P. Myoclonus, current concepts and recent
advances. Lancet Neurol., 2004, 3, 598-607.

Homanics, G.E.; DeLorey, T.M.; Firestone, L.L.; Quinlan, J.J.;
Handforth, A.; Harrison, N.L.; Krasowski, M.D.; Rick, C.E.; Korpi,
E.R.; Mikeld, R.; Brilliant, M.H.; Hagiwara, N.; Ferguson, C.; Snyder,
K.; Olsen, R.W. Mice devoid of gamma-aminobutyrate type A
receptor beta3 subunit have epilepsy; cleft palate; and hypersensitive
behavior. Proc. Natl. Acad. Sci. U.S.A., 1997, 94, 4143-4148.

Rigo, J.M.; Hans, G.; Nguyen, L.; Rocher, V.; Belachew, S.;
Malgrange, B.; Leprince, P.; Moonen, G.; Selak, I.; Matagne, A.;
Klitgaard, H. The anti-epileptic drug levetiracetam reverses the
inhibition by negative allosteric modulators of neuronal GABA and
glycine-gated currents. Br. J. Pharmacol., 2002, 136, 659-672.
Schauer, R.; Singer, M.; Sultuari, L.; Kofler, M. Suppression of
cortical mvoclonus by levetiracetam. Mov. Disord., 2002, 17,411-415.
Tkeda, A.; Shibasaki, H.; Tashiro, K.; Mizuno, Y.; Kimura, J.
Clinical trial of piracetam in patients with myoclonus, nationwide
multiinstitution study in Japan. The Myoclonus/Piracetam Study
Group. Mov. Disord., 1996, 11, 691-700.

Genton, P.; Gelisse, P. Antimyoclonic effect of levetiracetam.
Epileptic Disord., 2000, 2,209-212.

Elia, M. Myoclonic status in nonprogressive encephalopathies, an
update. Epilepsia, 2009, 50, 41-44.

Woodbury, D.M.; Esplin, D.W. Neuropharmacology and
neurochemistry of anticonvulsant drugs. Proc. Assoc. Res. Nerv.
Merit. Dis., 1969, 37, 24-56.

Kulisevsky, J.; Berthier, M.L.; Avila, A.; Roig, C. Unilateral
Parkinsonism and stereotyped movements following a right
lenticular infarction. Mov. Disord., 1996, 11, 752-754.

Fenelon, G.; Houeto, J.L. Unilateral Parkinsonism following a
large infarct in the territory of the lenticulostriate arteries. Mov.
Disord., 1997, 12, 1086-1090.

Kulisevsky, J.; Avila, A.; Berthier, M.L. Bipolar affective disorder
and unilateral Parkinsonism after a brainstem infarction. Mov.
Disord., 1995, 10, 802.

Winikates, J.; Jankovic, J. Clinical correlates of vascular
parkinsonism. Arch. Neurol. 1999, 56, 98-102.

Murrow, R.W.; Schweiger, G.D.; Kepes, J.J.; Koller, W.C.
Parkinsonism due to a basal ganglia lacunar state, clinicopathological
correlation. Neurology, 1990, 40, 897-900.

Zijlmans, J.C.; Thijssen, H.O.; Vogels, O.J.; Kremer, H.P.; Poels,
P.J.; Schoonderwaldt, H,C.; Merx, J.L.; van 't Hof, M.A; Thien, T.;
Horstink, M.W. MRI in patients with suspected vascular
parkinsonism. Neurology, 1995, 45,2183-2188.

Fitz, G.P.M.; Jankovic, J. Lower body parkinsonism, evidence for a
vascular etiology. Mov. Disord., 1989, 4, 249-260.

Demirkiran, M.; Bozdemir, H.; Sarica, Y. Vascular parkinsonism, a
distinct; heterogeneous clinical entity. Acta Neurol. Scand., 2001,
104, 63-67.

Siniscalchi, A.; Gallelli, L.; Mercuri, N.B.; Ferreri 1.G.; De Sarro,
G.B. Role of lifestyle factors on plasma homocysteine levels in
Parkison’s disease patients treated with levodopa. Nutr. Neurosc.,
2006, 9, 11-16.

Yong, S.W.; Lee, K.Y.; Lee, P.H. The effect of levodopa treatment
on cerebral hemodynamics in patients with Parkinson's disease,
serial transcranial Doppler studies. Parkinsonism Relat. Disord.,
2010, /6,225-227.

Dupuis, M.J.; Evards, F.L.; Jacquerye, P.G.; Picard, G.R.; Lermen,
0O.G. Disappearance of essential tremor after stroke. Mov. Disord.,
2010, 25,2884-2887.

Ristic, A.; Marinkovic, J.; Dragasevic, N. Long-term prognosis of
vascular hemiballismus. Stroke, 2002, 33,2109-2111.

Duncan, P.W.; Lai, S.M.; Keighley, J. Defining post-stroke
recovery: implications for design and interpretation of drug trials.
Neuropharmacology, 2000, 39, 835-884.

studies of



262

Current Neuropharmacology, 2012, Vol. 10, No. 3

Cramer, S.C.; Sur, M.; Dobkin, B.H.; O'Brien, C.; Sanger, T.D.;
Trojanowski, J.Q.; Rumsey, J.M.; Hicks, R.; Cameron, J.; Chen,
D.; Chen, W.G.; Cohen, L.G.; deCharms, C.; Duffy, C.J.; Eden,
G.F.; Fetz, E.E.; Filart, R.; Freund, M.; Grant, S.J.; Haber, S.;
Kalivas, P.W.; Kolb, B.; Kramer, A.F.; Lynch, M.; Mayberg, H.S.;
McQuillen, P.S.; Nitkin, R.; Pascual-Leone, A.; Reuter-Lorenz, P.;
Schiff, N.; Sharma, A.; Shekim, L.; Stryker, M.; Sullivan, E.V.;
Vinogradov, S. Harnessing neuroplasticity for clinical applications.
Brain., 2011, 134, 1591-1609.

Cheatwood, J.L.; Emerick, A.J.; Kartje, G.L. Neuronal plasticity
and functional recovery after ischemic stroke. Top Stroke Rehabil.,
2008, 15, 42-50.

Dijkhuizen, R.M.; Singhal, A.B.; Mandeville, J.B. Correlation
between brain reorganization, ischemic damage, and neurologic
status after transient focal cerebral ischemia in rats: a functional
magnetic resonance imaging study. J. Neurosci., 2003, 23, 510-517.
Rossini, P.M.; Calautti, C.; Pauri, F.; Baron, J.C. Post-stroke plastic
reorganisation in the adult brain. Lancet Neurol., 2003, 2, 493-502.

[96]

[97]

Siniscalchi et al.

Di Filippo, M.; Tozzi, A.; Costa, C.; Belcastro, V.; Tantucci, M.;
Picconi, B.; Calabresi, P. Plasticity and repair in the post-ischemic
brain. Neuropharmacology, 2008, 55, 353-362.

Weiller, C.; Chollet, F.; Friston, K.J.; Wise, R.J.; Frackowiak, R.S.
Functional reorganization of the brain in recovery from
striatocapsular infarction in man. Ann. Neurol., 1992, 31, 463-472.
Weiller, C.; Ramsay, S.C.; Wise, R.J.; Friston, K.J.; Frackowiak,
R.S. Individual patterns of functional reorganization in the human
cerebral cortex after capsular infarction. Ann. Neurol, 1993, 33,
181-189.

Johansson, B.B. Regeneration and plasticity in the brain and spinal
cord. J Cereb Blood Flow Metab., 2007, 27, 1417-1430.

Rosser, N.; Floel, A. Pharmacological enhancement of motor
recovery in subacute and chronic stroke. NeuroRehabilitation,
2008, 23, 95-103.

Tombari, D.; Ricciardi, M.C.; Bonaffini, N.; Pasquini, M.; Cecconi,
M.; Di Piero, V.; Lenzi, G.L. Functional MRI, drugs, and
poststroke recovery. Clin. Exp. Hypertens., 2006, 28,301-307.

Received: April 12,2012

Revised: April 30,2012

Accepted: June 04,2012



	0-CN_CONTENTS.doc
	1-Barr-MS_CN
	2-Bogdan Bucur-MS_CN
	3-Chen-MS_CN
	4-Rev 3 Nejad-MS_CN
	5-Saitoh-MS_CN
	6-Sani-MS_CN
	7-Siniscalchi and Gallelli-MS_CN
	8-Stewart-MS_CN
	9-Tsai-MS_CN
	CN_BACK.doc
	Spine-1 CN


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




