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ABSTRACT

Post-stroke movement disorders are uncommon,
but comprise an important part of secondary move-
ment disorders. These exert variable and hetero-
geneous clinical courses according to the stroke le-
sion and its temporal relationships. Moreover, the
predominant stroke symptoms hinder a proper di-
agnosis in clinical practice. This article describes the
etiology, treatment options and prognosis of post-
stroke movement disorders.
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INTRODUCTION

Movement disorders are rare, but may present as
a consequence of stroke."” Involuntary movements
related to any type of stroke comprise one important
part of secondary movement disorders. Post-stroke
movement disorders are defined as paroxysmal, re-
current, transient, permanent and delayed move-
ments in the acute phase or as a delayed syndrome
occurring months or years after vascular events."?
Thus, movement disorder after stroke is a heteroge-
neous condition. Abnormal involuntary movements
(AIM) following stroke can be classified as hyper-
kinetic or hypokinetic.* Various presentations in-
cluding tremor, chorea-ballism, dystonia, athetosis,
myoclonus, ataxia, and parkinsonism have been as-
sociated with vascular brain lesions."**® The time
course for the development of AIM attributed to
stroke is not easily predicted, as the course differs
according to the type of AIM; they can manifest with
a variety of presentations or even in the same move-
ments.* Similar to the typical stroke symptoms, the
duration of AIM also varies from paroxysmal and/
or transient to persistent and progressive.' The mani-
festation of stroke varies even in the same vascular
territory.” Accordingly, mixed movements are one of
the characteristics of secondary AIM associated with
a stroke lesion with an extensive involvement. Al-
though the frequency of AIM following stroke is low,
it is important to know the possible clinical condi-
tions, its course and symptoms and the proper man-
agement strategies, as these aspects could consider-
ably affect a stroke patient’s quality of life as much as
the paretic stroke symptoms. This article describes
the etiology, treatment options and prognosis of post-
stroke movement disorders.

ETIOLOGY OF POST-STROKE
MOVEMENT DISORDERS

Stroke lesion location

Post-stroke movement disorders can develop in
any stroke subtype and at any brain level of the mo-
tor circuit. In the extrapyramidal system, however,
the basal ganglia and thalamus are the primary le-
sion sites associated with post-stroke movement
disorders."* A comparison between stroke patients
and case-controls (without movement disorders) re-
vealed that stroke patients with movement disorders

feature significantly greater involvement of deep br-
ain lesions affecting the basal ganglia, thalamus, in-
ternal capsule, diencephalon, and mesencephalon than
stroke patients without movement disorders. Strokes
in deep brain lesions are also associated with a high-
er probability of AIM (odds ratio 3.38, 95% confid-
ence interval 1.64 to 6.99).! For cortical lesions, the
areas most commonly associated with post-stroke
movement disorders include those involved in the
cortical motor system, including the primary motor,
supplementary motor and premotor cortical areas.
The parietal cortex is also involved in processing so-
matosensory information related to movement. How-
ever, “pure” or “isolated” stroke-related cortical move-
ment disorders are rare, as most “cortical” strokes
also affect subcortical structures. Therefore, consid-
eration is needed for the possibility that many “st-
ructural” cortical strokes actually have functional
defects arising from lesions affecting subcortical
structures. Several case reports have described cor-
tical stroke-related movement disorders, including
parietal lobe stroke with choreo-ballism,® focal dys-
tonia,”"” arm levitation due to distortion of the body
schema and athetosis."" Frontal lobe stroke is asso-
ciated with asterixis (negative myoclonus),” second-
ary painless leg moving toe syndrome,'” and resting
and action tremor (with strokes affecting the ante-
rior cerebral artery territory).”" Structural cystic le-
sions with mass effects of the middle fossa involving
the fronto-temporo-parietal area can mimic Holme’s
tremor."* Alleviation of a previous tremor is also pos-
sible after frontal cortical stroke."” Some cortical
stroke-related movement disorders feature a laterali-
ty component: bilateral cortical ptosis can occur with
a large right-side, hemispheric lesion.'*"” Secondary
restless legs syndrome (RLS) after stroke has been
reported with temporo-occipital cortical lesions, as
well as with stroke affecting the basal ganglia, thala-
mus, internal capsule and pons.'®

Stroke subtypes

A large epidemiologic study previously examined
post-stroke movement disorders but was limited by
a small number of patients. However, in that study,
basal ganglia and thalamus involvement in stroke
was frequent.” Overwhelmingly, the typical stroke
symptoms that occur in the acute phase play a role
in overlooking combined movement disorders. In
one registry study that enrolled 1,500 consecutive st-



roke patients, 59 (3.9%) developed post-stroke mo-
vement disorders, with chorea as the most common
movement disorder subtype.' Ischemic stroke can be
etiologically classified as a small vessel disease, large
vessel disease or cardioembolic stroke.” Among the
ischemic stroke subtypes, multifocal small vessel st-
roke is the most commonly associated with move-
ment disorders following stroke, and it is the leading
cause of post-stroke AIM. However, cardioembolic
stroke and large- and medium-sized atherosclerotic
stroke are also included in the etiology of movement
disorders.»** Hemorrhagic stroke has a high proba-
bility of developing post-stroke movement disor-
ders when compared to ischemic stroke. Generally
speaking, there is no specific preference to the vas-
cular region or subtype in post-stroke movement
disorders, with only a trend for some of the clinical
factors described.”" Chronic small vessel disease or
Binswanger’s disease can develop into secondary
parkinsonism (vascular parkinsonism). Vascular
parkinsonism is phenomenologically characterized
by bilateral slowness and rigidity, which is predom-
inant in the lower extremities, causing gait problems
and lower-body parkinsonism.” Subcortical small
vessel pathology, rather than the typical Lewy body
pathology, was reported in the pathologic study of
vascular parkinsonism.”

MOVEMENT DISORDERS IN
SPECIFIC STROKE SYNDROMES

CADASIL

Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CA-
DASIL) is a progressive vascular disease character-
ized by migraine headache, stroke syndromes, and
dementia.** CADASIL patients have a variety of mo-
vement disorders, including dystonia as an atypical
late presentation secondary to chronic ischemic in-
sults. Abnormal findings in dopamine transporter
single-photon emission computed tomography im-
aging without response to dopaminergic treatment
has implicated vascular parkinsonism in the CA-
DASIL family.**** Mutations in the NOTCH 3 gene
have been reported in potential cases of progressive
supranuclear palsy, along with cases of multiple sys-
tem atrophy with scattered white matter signals.”**

Management of Post-Stroke Movement Disorders

MELAS

Mitochondrial encephalomyopathy, lactic acido-
sis, and stroke-like episodes (MELAS) syndrome is
a distinct clinical syndrome involving skeletal mus-
cles and the brain.”” As the name suggests, the most
common movement disorder in MELAS is myoclo-
nus. Parkinsonism and gait freezing are other symp-
toms associated with MELAS.**** Nakagaki et al.”’
reported a case of chorea-ballism in MELAS that
might accelerate hyperglycemic movement disor-
ders. Although brain lesions in MELAS are not con-
fined to a specific vascular territory,” the brain pa-
thology might contribute to most of the related se-
condary movements.

Moyamoya disease

Moyamoya disease is defined by progressive oc-
clusion of the internal carotid artery and arteries in
the circle of Willis.*® Movement disorders in moy-
amoya disease are rare and have been reported main-
ly in pediatric patients.**® Regardless of age, the most
common AIM in moyamoya disease is chorea.” The
reported occurrence in one study was 31 of 42 (67.4%)
patients, which was followed by dystonia in 8 of 42
(17.4%) patients, with a mean age of onset of 21.4
years.” In another study, 5 of 513 pediatric patients
with moyamoya disease had AIM, 4 had chorea,
and one had dystonia. The symptoms improved in all
cases after bypass surgery, suggesting that cerebral
ischemia even in the absence of stroke lesions might
be a pathogenic mechanism in moyamoya disease.”
Another retrospective review study of 316 surgical-
ly treated children with moyamoya disease report-
ed that 10 (3.2%) children had chorea that resolved
following the revascularization surgery. The same
authors postulated that dysfunction of the basal gan-
glia via the hypertrophic collateral vessels was caus-
ative for chorea.”

MANAGEMENT OF POST-STROKE
MOVEMENT DISORDERS

Pharmacological treatment

Decisions regarding the management of post-
stroke movement disorders should be individual-
ized and based on each clinician’s experience. This
reflects the scarcity of case-controlled, randomized
clinical trials resulting from the difficulty in collect-
ing appropriate sample sizes. Medical treatment of
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Table 1. Representative treatment options for post-stroke movement disorders

Abnormal movements Frequent location

Chorea/ballism Putamen
STN
Caudate nucleus
Thalamus

Dystonia Putamen
Thalamus

Tremor Thalamus

Myoclonus Brainstem
Cortex

Restless legs syndrome

Tic

Vascular parkinsonism GPe
Putamen

Drug options

Neuroleptics-haloperidol, perphenazine, fluphenazine
Atypical neuroleptics: olanzapine, quetiapine, clozapine
Dopamine-depleting agents: tetrabenazine, reserpine
GABA receptor agonist: clonazepam, valproic acid
Antiepileptics: levetiracetam, topiramate

Reperfusion surgery

Trihexyphenidyl

Baclofen, clonazepam, diazepam, tetrabenazine
Botulinum toxin injection, intrathecal baclofen

Motor cortex stimulation, functional neurosurgery
Propranolol, primidone, trihexyphenidyl

Clonazepam, diazepam

Motor cortex stimulation, functional neurosurgery
Valproic acid, levetiracetam

Clonazepam, acetazolamide

Dopaminergic drugs

Clonidine, neuroleptics, dopamine-depleting agents
Dopaminergic drugs

STN: subthalamic nucleus, GPe: globus pallidus externa.

post-stroke movement disorders is similar to that
for primary movement disorders, as they share com-
mon underlying pathomechanisms (Table 1). Many
cases of post-stroke movement disorders are tran-
sient and self-remitting, so no treatment or inter-
vention is needed.* Chorea is the most common
post-stroke movement disorder.*” Persistent chorea-
ballism in acute stroke patients needs to be treated,
as this might cause significant patient discomfort.’
Anti-dopaminergic drugs that block the D1 and D2
receptors are the first choice in choreic movements.
D3 and D4 receptor antagonists can be used and
have the merit of a low risk of extrapyramidal side
effects, such as parkinsonism and akinesia. Other
atypical neuroleptics should be applied only in re-
fractory cases.” Presynaptic dopamine-depleting ag-
ents and catecholamine-depleting drugs, as well as
GABA receptor agonists, can also be used in selected
cases.”” Consideration for the side effects of each
drug is important when choosing a drug for the
devastating post-stroke chorea.” For post-stroke dy-
stonia, the symptoms rarely improve completely with
treatment.®
the usual treatment option, and intrathecal baclofen
can be tried for partial symptom relief.” Other med-
ical treatments include anticholinergics, baclofen,

Focal injections of botulinum toxin is

and benzodiazepam, which is similar to the treat-
ment of primary dystonia. In addition, anti-dopami-
nergic agents can be tried. Tremor activation in post-

stroke tremor disorder is both resting and postural/
kinetic.”"**" Although the response to pharmacolo-
gical treatment of vascular tremors is limited, the
treatment options should be decided based on the
type of tremor. Of the specific forms of tremor, symp-
tomatic rubral (midbrain) and palatal tremor are
usually caused by stroke lesions in the dentate-ru-
bro-thalamic circuits. Limited but potential benefits
were reported for propranolol, clonazepam, dopa-
minergic agents and anti-epileptic drugs, including
valproic acid and levetiracetam.”** However, for
most refractory cases, surgical intervention and focal
botulinum toxin injections are required.**” Post-
stroke secondary myoclonus is mostly transient and
does not require management. GABAergic drugs
(valoproic acid and clonazepam) enhance inhibitory
neurotransmission, and levetiracetam and pirace-
tam can be used for symptomatic treatment.***
Some clinicians recommend a combination of these
drugs to lessen adverse events. Vascular parkinson-
ism is characterized by symmetric akinesia and gait
impairment.®**' The effect of representative treat-
ment with levodopa for vascular parkinsonism may
be poor and short-lasting."* Post-stroke RLS is not
uncommon in the acute stroke phase (17 out of 137
cases) and has been associated with dysfunction of
the subcortical dopaminergic system of the basal
ganglia and thalamus.'®** Secondary RLS associated
with acute stroke is mostly transient and improves



without medication. When treatment is required,
dopaminergic agents might help to relieve symp-
toms." Treatment of post-stroke tics is the same as
with primary tics: clonidine, neuroleptics, dopamine-
depleting agents can be applied.”

Surgical treatment

In drug-resistant and devastating post-stroke mo-
vement disorders, surgical intervention can be con-
sidered. For secondary movement disorders caused
by vascular hypoperfusion of the carotid or verte-
brobasilar artery, revascularization surgery may re-
sult in near complete symptom improvement.”**
Chronic motor cortex stimulation was originally
used for post-stroke pain control, but effective con-
trol of involuntary movements (choreo-athetosis,
action and resting tremor) can also be obtained.”
Several mechanisms of action, including hyperdi-
rect motor cortex-subthalamic nucleus input, corti-
cal inhibition, and plastic changes, have been pro-
posed for motor cortex stimulation in various mo-
vement disorders.” Movement disorders attributed
to moyamoya syndrome can be improved through
bypass surgery.”® Deep brain stimulation (DBS) tar-
geting the globus pallidus and thalamic nucleus
(nucleus ventralis oralis posterior, nucleus ventralis
intermedius) are other useful options for treating
drug-refractory chorea and/or dystonia.>****%* Palli-
dotomy, thalamotomy and DBS of the thalamus in
patients with severe tremor, including a high am-
plitude and low frequency, are several treatment op-
tions worth trying for symptomatic control.>*

Physical therapy and rehabilitation

Proper rehabilitation is needed for most stroke
patients.” Physical and occupational therapy have
become important assistive therapeutic options for
secondary movement disorders. Physical therapy is
helpful for both hypokinetic and hyperkinetic mo-
vement disorders, such as vascular parkinsonism
and dystonia, which are associated with postural de-
formity and balance problems.*** Physical therapy
and brace devices,” as well as proprioceptive reha-
bilitation,* may be applied for movement disorders
after stroke.

Management of Post-Stroke Movement Disorders

PROGNOSIS OF POST-STROKE
MOVEMENT DISORDERS

Onset latency

Many of the post-stroke movement disorders de-
velop during the acute phase, especially within sev-
eral days of the stroke onset. The timing can cause
clinicians to overlook and under-diagnose the pres-
ence of post-stroke movement disorders because of
the overwhelming motor and sensory deficits.' The
clinical course of post-stroke movement disorders
is variable, but some tendencies are apparent accord-
ing to which type of AIM is presented.’ The period
for developing a movement disorder after stroke is
between the stroke onset to years after the onset.”
The latency interval of post-stroke movement dis-
orders is shortest for chorea (4.3 days) and longest
for parkinsonism (117.5 days).! Transient hemicho-
rea-ballism can develop even before stroke in the
form of transient ischemic attacks and can serve as
a warning sign.”® Post-stroke RLS can appear with-
in a week after the onset of stroke (mean 1.8 days)."®

Long term prognosis

Most of the post-stroke movement disorders ty-
pically have a short duration and improve over time.
Among the post-stroke movement disorder sub-
types, chorea, myoclonus, and especially asterixis,
do not last long and are self-limiting. Vascular par-
kinsonism tends to persist and progressively deteri-
orates." Dystonia also has a poor prognosis with sig-
nificantly worsened activities of daily living and qu-
ality of life. Tremor, especially symptomatic cerebel-
lar-outflow tremor with low frequency, persists and
worsens, and it is specifically refractory to medical
treatment.’

CONCLUSIONS

Post-stroke movement disorders are rare, but they
account for an important part of secondary AIM.
Various manifestations of hyperkinetic and hypoki-
netic movements, as well as overwhelming stroke
symptoms, make timely diagnosis of combined mo-
vement disorders challenging. Any stroke lesion oc-
curring in the motor system from the cortex to br-
ainstem, any etiologic subtype of stroke, regardless
of the lesion size, and a variety of systemic syndr-
omes that can cause stroke may cause involuntary
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movement. Therefore, clinicians should consider
the possibilities associated with AIM when treating
acute stroke patients in clinical practice. Concern-
ing the clinical course, most post-stroke movement
symptoms are transient and self-limiting. However,
proper diagnosis with a treatment strategy is criti-
cal because sometimes these might persist and be-
come life-threatening with significant detriment to
the victims quality of life. Timely treatment could
hasten the recovery and prevent a worsening of symp-
toms. Although there are no established treatment
guidelines based on randomized case-controlled
studies, which reflects the low prevalence of these
disorders, most of the pharmacological treatment
options for secondary movements are not dissimi-
lar to those for primary movement disorders based
on similar underlying pathomechanisms. The treat-
ment strategies include controlling dopaminergic
excitability and modulating GABAergic transmis-
sion. Catecholamine-depletion and anti-cholinergic
drugs are other options used to control AIM. Re-
cently, symptomatic control with botulinum toxin
injections, which blocks peripheral release of ace-
tylcholine at the muscle level or intrathecal baclofen
infusion, has been introduced as a therapeutic op-
tion for drug-resistant post-stroke dystonia. Re-
peated transcranial magnetic stimulation is another
useful treatment option in limited cases of drug-re-
sistant secondary dystonia and tremor. In cases of ir-
resistible post-stroke movement disorder, surgical
intervention might be considered. Exercise and phy-
sical therapy should always be considered to achieve
better outcomes.
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