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ABSTRACT: BackgroundBackground: Several conditions represented mainly by movement disorders are associated with
cardiac disease, which can be overlooked in clinical practice in the context of a prominent primary neurological
disorder.
ObjectivesObjectives: To review neurological conditions that combine movement disorders and primary cardiac
involvement.
MethodsMethods: A comprehensive and structured literature search following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses criteria was conducted to identify disorders combining movement
disorders and cardiac disease.
ResultsResults: Some movement disorders are commonly or prominently associated with cardiac disease. Neurological
and cardiac symptoms may share underlying physiopathological mechanisms in diseases, such as Friedreichʼs
ataxia and Wilsonʼs disease, and in certain metabolic disorders, including Refsum disease, Gaucher disease, a
congenital disorder of glycosylation, or cerebrotendinous xanthomatosis. In certain conditions, such as
Sydenhamʼs chorea or dilated cardiomyopathy with ataxia syndrome (ATX-DNAJC19), heart involvement can
present early in the course of disease, whereas in others such as Friedreichʼs ataxia or Refsum disease, cardiac
symptoms tend to present in later stages. In another 68 acquired or inherited conditions, cardiac involvement
or movement disorders are seldom reported.
ConclusionsConclusions: As cardiac disease is part of the phenotypic spectrum of several movement disorders, heart
involvement should be carefully investigated and increased awareness of this association encouraged as it may
represent a leading cause of morbidity and mortality.

Cardiac abnormalities may be a significant source of morbidity
and premature mortality1–4 and can occur in numerous neuro-
logical diseases, manifesting as cardiomyopathy, arrhythmias,
conduction defects, structural malformations, coronary disease,
valvulopathies, or cardiac autonomic dysfunction. In neurological
conditions mainly manifested by movement disorders, cardiac
disease can be a frequent and predominant clinical feature, or
only be reported in isolated cases, and can be of early presenta-
tion, or occur only during later stages of disease.5,6 In diseases
such as Friedreichʼs ataxia (FRDA), where the need for heart
monitoring is well established, a cross-sectional healthcare
resource study revealed that recommended annual cardiac evalu-
ations had not been conducted in up to 23% of patients with

FRDA in the United States and 14% in Canada.7 These figures
may be even higher in other parts of the world.

In this educational review, we describe and list movement dis-
orders with cardiac involvement as part of the clinical picture.

Methods
A comprehensive and structured search in PubMed following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (http://www.prisma-
statement.org) was conducted. Keywords included in the search
were the following: movement disorders, parkinsonism,
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Parkinsonʼs disease, parkinsonian disorders, chorea, Huntington
disease, neuroacanthocytosis, Tourette syndrome, tic disorders,
myoclonus, dystonia, tremor, ataxia, spastic paraparesis, spastic
paraplegia, restless legs syndrome, periodic leg movements of sleep,
hypokinetic, and hyperkinetic, in combination with heart, cardiac,
cardiovascular, cardiomyopathy, cardio, cardiopathy, coronary dis-
ease, arrhythmia, conduction defect, valvular, valvulopathy, mitral,
aortic, autonomic dysfunction, dysautonomia, and sudden death.
Publications written in English and published up to October 2020
were reviewed. Types of publications screened included case
reports, case series or case-controlled studies, literature reviews,
and any other type of publication that could contain clinical infor-
mation on cardiac involvement in movement disorders. Full texts
containing the clinical data of patients with movement disorders
and comorbid heart disease were analyzed. A back search of
retrieved publication reference lists was conducted to identify the
gray literature. Conditions with autonomic dysfunction secondary
to other cardiac causes, such as dysautonomia attributed to spinal
cord impairment, or other types of peripheral or autonomic neu-
ropathy were not included. Because of the prominent involve-
ment of the autonomic nervous system in multiple system atrophy
(MSA), only specific cardiac issues related to the condition are dis-
cussed. Similarly, cardiac autonomic dysfunction in Parkinsonʼs
disease (PD) measured by heart rate variability (HRV) or myocar-
dial scintigraphy is not described in this review as the topic is
extensively reviewed in other publications.

Results
Movement disorders with common and prominent cardiac
involvement are shown in Table 1. Other acquired or inherited
conditions that were either only occasionally or rarely associated
with movement disorders or cardiac disease are listed in Table 2
and further described in Table S1.

Ataxia as the Predominant
Movement Disorder
FRDA (or ATX-FXN)

FRDA, the most common inherited ataxia, is an autosomal reces-
sive, multisystem disorder associated with pathologic GAA repeat
expansions in the first intron of the FXN gene that leads to
decreased expression of the encoded gene product frataxin, a ubiq-
uitous mitochondrial protein involved in the creation of iron-sulfur
clusters.8 The onset is commonly around puberty, but in some cases
it can occur later in life or during early childhood.8 The hallmark
neurological features of FRDA include progressive afferent and cer-
ebellar ataxia, dysarthria, ocular fixation instability, deep sensory loss,
lower limb areflexia, and pyramidal signs. Scoliosis, foot deformity,
diabetes mellitus, and cardiomyopathy are frequent nonneurological
features.8–10 Cardiomyopathy, usually in its hypertrophic form, is a
cardinal feature of FRDA and the cause of death in between 60%
and 80% of patients.8–11 The frequency of cardiomyopathy is 4% to

5% at disease onset and increases to 40% to 90% during the course
of disease.8–10,12 Cardiomyopathy is typically asymptomatic with
normal or lower than normal systolic function. During later disease
stages, dilated cardiomyopathy is predominant and associated with a
higher risk of arrhythmia and mortality.13–15

The frequency and severity of cardiomyopathy was found to
be related to the length of the GAA repeat expansion,8,9,16

young age at onset of FRDA,5 angiotensin II type 1 receptor
polymorphism,17 but not to neurological involvement or sever-
ity.5,9,18 Patients with delayed-onset FRDA (≥25 years) do not
commonly exhibit typical clinical features of cardiac
disease.10,12,19–22 Likewise, compound heterozygous patients
(approximately 4% of FRDA cases) are less likely to present car-
diomyopathy than homozygous GAA expansion carriers.23

The pathogenesis of cardiomyopathy in FRDA involves a
severe reduction of cardiac frataxin levels, failure to clear iron
from myocytes, ferroptosis (a recently identified pathway of reg-
ulated, iron-dependent cell death, distinct from apoptosis), lack
of oxidative phosphorylation, reduced adenosine triphosphate
production, chronic inflammation, and disorganization of inter-
calated discs (plasma membrane specializations that connect heart
fibers end to end and provide mechanical cohesion and ionic
coupling).24,25 Frataxin is crucial for neuron and cardiomyocyte
survival, and its deficiency has been recently linked to low levels
of HAX-1, a regulator of cardiomyocyte death, which could be
a potential biomarker of cardiac disease in FRDA.26 Early clinical
indicators of myocardial involvement include elevated serum
cardiac troponin I levels27 and electrocardiographic (ECG) abnor-
malities, which are present in as many as 93% of patients.9,14 T-
wave inversion is the most common ECG abnormality detected,
followed by abnormally broad Q waves, signs of left ventricular
hypertrophy, a short PR interval, and arrhythmias such as atrial
fibrillation or flutter.5,10,13,14,18 Cardiovascular dysautonomia is
very rare,28 but some patients may show tachycardia at rest and
during orthostatic challenge.29,30 Early markers of myocardial dys-
function in cases with normal left ventricular ejection fraction
include reduced longitudinal myocardial strain on echocardiogra-
phy31 and signs of cardiac remodeling on cardiovascular magnetic
resonance.32,33 Patients with progressive declining left ventricular
ejection fraction, usually below 55%, have worse outcome.5,9

According to consensus clinical management guidelines for
FRDA, an ECG and an echocardiogram should be performed at
diagnosis and at least annually thereafter.33 In addition, Holter
and/or Loop monitor assessment should be performed in cases
presenting palpitations. Management of cardiomyopathy in FRDA
has been challenging as there is no specific treatment. Although
some low-quality evidence for a decrease in cardiac hypertrophy
with idebenone has been published, its clinical significance remains
uncertain. Further trials will be needed to establish its true
potential.34–36 Table 3 summarizes the most important treatment
recommendations for FRDA.

Refsum Disease (ATX-PHYH and ATX-PEX7)

This rare autosomal recessive inborn error of lipid metabolism
causing accumulation of phytanic acid is classically characterized
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by ataxia, peripheral neuropathy, amyotrophy, retinopathy, ich-
thyosis, anosmia, deafness, and multiple epiphyseal dysplasia. It is
frequently accompanied later in life by cardiac manifestations,
such as arrhythmias or conduction defects (eg, first-degree atrio-
ventricular block, bundle branch block), and hypertrophic or
dilated cardiomyopathy, leading to heart failure and sudden
death.34,35 At autopsy, high phytanic acid concentrations are
found in the heart.36 Whether cardiac manifestations correlate
with phytanic acid plasma levels has not been established.37

However, appropriate treatment including a phytanic acid–
restricted diet, plasmapheresis, or low-density lipoprotein LDL-
apheresis does prevent and/or limit progression of several clinical
manifestations of the disease.38 Treatment of hypertension may
help delay cardiomyopathy, which inevitably leads to arrhyth-
mias. Amiodarone should not be used as an antiarrhythmic
because of the risk of hyperthyroidism, which increases catabo-
lism and phytanic acid release from tissues.35 Cardiac transplanta-
tion can be lifesaving in severe cardiomyopathy.35

Phosphomannomutase-2 Deficiency-
Congenital Disorder of Glycosylation
(ATX-PMM2)

This autosomal recessive congenital disorder of glycosylation is
divided into three subtypes: infantile multisystem, late-infantile
and childhood ataxia-intellectual disability, and adult stable dis-
ability. Clinical presentation and course are highly variable. In the
infantile multisystem subtype, axial hypotonia, feeding problems,
impaired growth, developmental delay, hyporeflexia, esotropia,
and abnormal subcutaneous fat distribution with inverted nipples
are commonly observed. The late-infantile and childhood ataxia-
intellectual disability subtype is characterized by hypotonia, ataxia,
severe intellectual, and motor disability, often associated with
stroke-like episodes, seizures, skeletal deformities, and
retinopathy.

In the adult stable disability type, intellectual disability is typi-
cally stable rather than progressive, and patients usually exhibit
ataxia, peripheral neuropathy, skeletal deformities, thrombotic
events, hypogonadotropic hypogonadism, and other endocrine
abnormalities.39 Hypoglycosylation of glycoproteins creates
abnormal neural crest cell migration, leading to conotruncal
heart defects, such as common arterial trunk defect and tetralogy
of Fallot.40 In addition, hypoglycosylation of dystrophin-
associated glycoproteins in the sarcolemmal plasma membrane
affects signal transduction pathways and calcium homeostasis,
leading to hypertrophic cardiomyopathy.41 Cases of pericardial
effusion leading to cardiac tamponade and death within the first
years of life have also been reported.41 Treatment guidelines for
heart disease in this condition are lacking.

Dilated Cardiomyopathy with Ataxia
Syndrome (ATX-DNAJC19)

This autosomal recessive disorder is characterized by cerebellar
ataxia, developmental delay, intellectual disability, muscle weakness,TA
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TABLE 2 Conditions that associate movement disorders with cardiac involvement but with infrequent combination of clinical
manifestations of both * **

Disorders listed according to the predominant movement disorder

Ataxia Dystonia
Dandy-Walker syndrome [HD-M, heart insufficiency] GM1-gangliosidosis, type III (DYT/PARK-GLB1) [CVA]
Ataxia-telangiectasia (ATX-ATM) [CAD, CVA, HD-M] ATP1A3-related syndromes (DYT-ATP1A3) and CAPOS syndrome

[electrocardiographic abnormalities]
Primary coenzyme Q10 deficiency (COQ2 and COQ4) [HC,
arrhythmias]

Primary coenzyme Q10 deficiency type 5 (COQ9) [HC,
arrhythmias]

CANVAS (RFC1) [CAD] Glutaric aciduria or acidemia, type I (GCDH) [HD-M,
cardiomyopathy, cardiac arrest]

Autosomal recessive spinocerebellar ataxia type 8 (ATX-
SYNE1) [HC, arrhythmias] Autosomal recessive
spinocerebellar ataxia type 23 (TDP2) [arrhythmias]

3-methylglutaconic aciduria, type VIII (HTRA2)
[arrhythmias]

Spinocerebellar ataxias (ATX-ATXN1, ATX-ATXN2, ATX-ATXN3)
[CAD], (ATX-ATXN7), [HD-M, CHF, cardiomyopathy,
pericardial effusion], (ATX-ATXN10) [HD-M], (ATX-PRKCG)
[cardiomyopathy]

Early infantile epileptic encephalopathy type 75 (PARS2)
[HC, DC]

Cockayne syndrome (ERCC4, ERCC5, ERCC6, ERCC8) [DC,
arrhythmias, HD-M]

3-methylglutaconic aciduria with deafness, encephalopathy,
and Leigh-like syndrome (SERAC1) [HD-M, HC, arrhythmias]

Thiamine metabolism dysfunction syndrome-5 or episodic
encephalopathy attributed to thiamine pyrophosphokinase
deficiency (TPK1) [HC]

17-beta-hydroxysteroid dehydrogenase X deficiency or HSD10
mitochondrial disease (HSD17B10) [HC, DC, CCD]

Sandhoff disease (ATX/HSP-HEXB) [CVA, HC, DC] Severe dystonia, cerebellar atrophy, and cardiomyopathy
likely caused by a missense mutation in TOR1AIP1 (TOR1AIP1)
[DC]

Galactosialidosis (CTSA) [CVA] Baraitser-Winter syndrome (ACTB) [HD-M]
Transthyretin-related hereditary amyloidosis (TTR) [cardiac
amyloid deposition, CCD, HC, CAD, heart failure]

Rett syndrome (MECP2) [CAD, arrhythmias]

Achalasia-addisonianism-alacrimia syndrome (AAAS) [CAD] Chorea
Congenital disorder of glycosylation, type IIf (SLC35A1)
[aortic insufficiency]

ADCY5-related movement disorders (ADCY5) [DC, congestive
heart failure]

Bardet-Biedl syndrome (BBS1) [HC, HD-M] Paraneoplastic movement disorders [cardiac papillary
fibroelastoma or mixoma]

Wolfram syndrome (WFS1) [HD-M] Polycythaemia vera or attributed to secondary causes [CVA,
HD-M]

Dihydrolipoamide dehydrogenase deficiency or Maple syrup
urine disease type II (DLD) [HC]

Systemic Lupus erythematosus or antiphospholipid syndrome
[CVA, coronary disease, cardiomyopathy]

Combined oxidative phosphorylation deficiency (TSFM, AIFM1,
MTO1, and MTFMT) [HC, DC, HD-M, CCD]

Myoclonus

Mitochondrial DNA depletion syndrome type 13;
encephalomyopathic type (FBXL4) [HC, arrhythmias, CCD, HD-
M]

Myoclonic epilepsy of Lafora (MYC/ATX-EPM2A and MYC/ATX-
NHLRC1) [CCD, heart failure, sudden death]

Thiamine-responsive megaloblastic anemia syndrome (SLC19A2)
[HD-M, arrhythmias, HC, DC]

Action myoclonus-renal failure syndrome (SCARB2) [DC]

Sideroblastic anemia with B-cell immunodeficiency, periodic
fevers, and developmental delay (TRNT1) [DC, heart failure]

Neurodevelopmental disorder with seizures and nonepileptic
hyperkinetic movements (CACNA1B) [arrhythmias]

Peroxisome biogenesis disorder 9B (ATX-PEX7)
[cardiomyopathy, arrhythmias, heart failure]

TBC1D24-related disorders—DOORS syndrome—and familial
infantile myoclonic epilepsy (TBC1D24) [arrhythmias,
cardiac arrest, HD-M]

Short stature, microcephaly, and endocrine dysfunction
syndrome (XRCC4) [DC]

PURA-related neurodevelopmental disorders (PURA) [HD-M]

Recurrent metabolic crises with rhabdomyolysis, cardiac
arrhythmias, and neurodegeneration (TANGO2) [HC, DC,
arrhythmias]

Microcephaly-capillary malformation syndrome (STAMBP)
[HD-M, HC]

Mental retardation and distinctive facial features with or
without cardiac defects (MED13L) [HD-M]

Silver-Russell syndrome, chromosome 11p15.5; dystonia is
also a main movement disorder in this condition [HD-M, DC,
arrhythmias]

Harel-Yoon syndrome (ATAD3A) [HC] Combined oxidative phosphorylation deficiency type 35 (TRIT1)
[HD-M]

Autosomal dominant progressive external ophthalmoplegia
with mitochondrial DNA deletions (TWNK) [HC, CCD,
arrhythmias]

Parkinsonism

Tics

Multiple system atrophy [CAD, sudden death]

Tourette syndrome [coronary disease, arrhythmias, CVA] Progressive supranuclear palsy [CAD]
Tremor Gaucher disease (GBA) [HD-M, CVA, HC, DC, CAD, arrhythmias,

cardiac amyloidosis]Fragile X-associated tremor/ataxia syndrome (FXTAS, ATX-
FMR1) [CVA, arrhythmias] Fabry disease (GLA) [HC, CCD, arrhythmias, coronary disease,

CVA, sudden death]

(Continues)
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anemia, genital anomalies in males, and 3-methylglutaconic
aciduria. Other movement disorders less frequently found are dysto-
nia, tremor, and dyskinesia. Heart involvement includes early-onset
dilated cardiomyopathy (usually before the age of 3), accompanied
by long QT syndrome or nonspecific ST/T wave changes on ECG
in approximately one third of patients.42–44 Mutations in the
DNAJC19 gene result in mitochondrial protein import defects that
lead to mitochondrial dysfunction, impacting organs with high-
energy demand, such as the heart.42 A significant beneficial impact
on both left ventricular function and structure has been reported for
digoxin when added to conventional heart failure therapy.45

Although cardiomyopathy may sometimes improve with β-blockers
such as carnitine and ubiquinone,43 it ultimately leads to progressive
congestive heart failure or sudden cardiac death in the majority of
patients.42,44 Treatment guidelines for heart disease in this condition
are lacking.

Cardiac involvement in other autosomal recessive ataxias or in
spinocerebellar ataxias is rare and summarized in Table S1.

Chorea as the Predominant
Movement Disorder
Huntingtonʼs Disease (HD or CHOR-HTT)

Cardiovascular disease leading to heart failure is a major cause of
death in HD.3,46 Premanifest mutation carriers also present
higher risk of cardiovascular disease than healthy controls.47

Cardiovascular burden in HD includes coronary heart disease,
atrial and ventricular fibrillation, and sudden cardiac death.48

Abnormal ECG variables unexplained by medications or by
potentially contributing medical conditions were found in 39%
of a large cohort of 590 early symptomatic (stages 1 and 2)
patients with HD.49 The most frequent ECG findings in the
study were bradycardia (28.3%), prolonged QRS (4.9%) or
QTc (3.7%), intraventricular conduction delay (3.4%), and right
bundle branch block (1.3%), all at higher frequencies than in
otherwise healthy populations.49 Cardiac consequences of auto-
nomic dysfunction in HD could arise from an imbalance
between sympathetic (increased) and parasympathetic
(decreased) activity, regulated by cortical, subcortical, brainstem

or spinal structures or circuits, and assessed by HRV.48,50–53 In
particular, reduced parasympathetic HRV was associated with
an increased risk of falls.53 Parasympathetic nervous system dys-
function in HD is also evident after reaching exercise-induced
exhaustion. Patients with HD may present impaired heart rate
recovery, an independent predictor of mortality in healthy
populations.54 In addition, the absence of steady heart rate dur-
ing low-intensity exercise requires that the exercise prescription
for patients with HD be of submaximal intensity and patient
recovery monitored as an indicator of intervention effective-
ness.54 Decreased vagal modulation of the heart rate, QT inter-
val alterations, and conduction abnormalities associated with
cardiac electrical remodeling may lead to cardiovascular compli-
cations such as syncope, arrhythmias, and sudden cardiac
death.48–50,55 This also has implications for prescription of
QT-prolonging medications, including certain neuroleptics,
amitriptyline, serotonin-uptake inhibitors, tetrabenazine, or
domperidone, all of which should be used with caution in
patients with HD because of the risk of torsades de pointes and
potentially fatal arrhythmias or sudden death.48 Despite an
autonomic imbalance in favor of sympathetic activity, 6% of
patients with early symptomatic HD may exhibit marked bra-
dycardia (heart rate <50 bpm).49 From a clinical perspective,
cardiac function evaluation with conventional ECG is rec-
ommended in patients with HD.48

Sydenhamʼs Chorea

Acute rheumatic fever is a poststreptococcal inflammatory colla-
gen tissue disease affecting the joints, heart, skin, and nervous
system. In patients presenting chorea as a manifestation of acute
rheumatic fever after a streptococcal infection, the rates of cardiac
involvement, mainly pericarditis, vary between 30% to 75% and
commonly occur during early stages of the disease.56–61 Valvular
dysfunction, especially of the mitral valve, is commonly silent
and only detectable on echocardiography when asymptom-
atic.59,60,62 In almost 23% of patients, ECG findings, such as pro-
longed QTc and PR intervals, are present.60,62 The duration of
chorea in patients with carditis does not appear to differ from
that of patients without cardiac disease,59 but can be longer in

TABLE 2 Continued

Disorders listed according to the predominant movement disorder

Mental retardation type 34 (NONO) [HD-M, HC, DC] Fahr’s syndrome or idiopathic basal ganglia calcification
(SLC20A2) [heart failure, arrhythmias, cardiomyopathy,
CCD]

Multiple congenital anomalies, hypotonia, and seizures
syndrome type 1 (PIGN) [HD-M]

Tonne-Kalscheuer syndrome (RLIM) [HD-M]
Chromosome 18q deletion syndrome [HD-M, CVA, congestive
heart failure]

*Clinical characteristics are shown in Table S1.
**Gene symbols are in parentheses.
HD-M, heart defects or malformations; CAD, cardiovascular autonomic dysfunction; CVA, cardiac valve abnormalities; CAPOS, cerebellar ataxia,
areflexia, pes cavus, optic atrophy, and sensorineural hearing loss; CANVAS, cerebellar ataxia, neuropathy, and vestibular areflexia syndrome;
HC, hypertrophic cardiomyopathy; DC, dilated cardiomyopathy; CHF, congestive heart failure; CCD, cardiac conduction defects.
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TABLE 3 Cardiac monitoring and treatment recommendations for disordersthat commonly combine movement disorders and
heart disease*

Entity
Monitoring or Screening

Recommendations Treatment Recommendations

FRDA (ATX-ATM; MIM
#229300)

ECG and ECHO, should be
performed at diagnosis and
then at least annually; a
Holter and/or Loop monitor
assessment should be
performed in case of
palpitations

For slowing or prevention of deterioration of left
ventricular contraction in asymptomatic individuals with
reduced ejection fraction: an angiotensin-converting
enzyme inhibitor (Enalapril, Ramipril, Lisinopril, or
Trandolapril) is first-line therapy, but if the angiotensin-
converting enzyme inhibitor is not tolerated then an
angiotensin 2 receptor blocker (Candesartan, Valsartan)
should be commenced instead (second-line therapy).
β-Blockers (Carvedilol, Bisoprolol, or long-acting
Metoprolol) should be considered as an addition to an
angiotensin-converting enzyme inhibitor or angiotensin 2
receptor blocker, particularly if the heart rate is >75/min

For treatment of symptomatic heart failure with reduced LVEF:
a diuretic should be prescribed for fluid overload. An
angiotensin-converting enzyme inhibitor is first-line
therapy, but if the angiotensin-converting enzyme
inhibitor is not tolerated then an angiotensin 2 receptor
blocker should be commenced instead (second-line therapy).
β-Blockers (Carvedilol, Bisoprolol, or long-acting
Metoprolol) should be added (first-line therapy) to the
angiotensin-converting enzyme inhibitor or angiotensin 2
receptor blocker; however, the role of β-blockers in
children is less clear. Calcium channel blockers with
negative inotropic effects (Verapamil and Diltiazem)
should be avoided. Digoxin should be considered for control
of ventricular response if atrial fibrillation is present

For prevention of recurrence of atrial arrhythmias:
β-blockers (Metoprolol, Bisoprolol, or Carvedilol),
Sotalol, Dofetilide, or Amiodarone. Agents that should be
avoided include Quinidine, Flecainide, Propafenone, and
Disopyramide because of their negatively inotropic and/or
proarrhythmic effects. Anticoagulation should not be
commenced if the LVEF is normal and there are no other risk
factors for thromboembolism. Anticoagulation with Warfarin
or 1 of the novel anticoagulants (Dabigatran, Rivaroxaban,
or Apixaban) should be considered in paroxysmal or
permanent atrial fibrillation if 1 CHADS2 risk factor is
present and will be generally indicated if more than 1
CHADS2 risk factor is present

For prevention of recurrence of ventricular arrhythmias: a
β-blocker (Metoprolol, Bisoprolol, or Carvedilol) should
be used, but Sotalol and Amiodarone are second-line options
if there is arrhythmia recurrence despite β-blocker use

Device therapy for patients with symptomatic heart failure
and reduced ejection fraction: implantation of an automatic
internal cardioverter defibrillator should be considered if
LVEF is ≤35%, the individual has NYHA functional class 2 or
3 symptoms despite receiving optimal medical therapy, and
the individual has a reasonable expectation of survival
with good functional status for more than 1 yr. Cardiac
resynchronization therapy should be considered in
individuals with LVEF of ≤35%, sinus rhythm, a QRS duration
≥0.12 s, and NYHA functional class 3 or 4 symptoms despite
receiving optimal medical therapy

Idebenone for hypertrophic cardiomyopathy is controversial
and of low-quality evidence

Septal myectomy for severe hypertrophic obstructive
cardiomyopathy

Cardiac transplantation for heart failure secondary to
dilated cardiomyopathy (case-by-case basis with specific
ethical considerations)

Refsum disease (ATX-PHYH;
MIM #266500 and ATX-
PEX7; MIM #614879)

ECG, ECHO Phytanic acid restriction diet, plasmapheresis, or LDL-
apheresis

Antihypertensive drugs to delay cardiomyopathy
Antiarrhythmic drugs (amiodarone should not be used as an
antiarrhythmic drug because of the risk of hyperthyroidism,

(Continues)
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TABLE 3 Continued

Entity
Monitoring or Screening

Recommendations Treatment Recommendations

which results in catabolism and increased phytanic acid
release from tissues)

Cardiac transplantation in severe cardiomyopathy
ATX-PMM2 (MIM #601785) ECHO Corrective heart surgery for congenital heart defects.
ATX-DNAJC19 (MIM #610198) ECG, ECHO β-blockers, digoxin, carnitine, and ubiquinone for

cardiomyopathy.
Huntington’s disease
(CHOR-HTT; MIM #143100)

Baseline ECG monitoring while
initiating tetrabenazine or
other QT-prolonging
medications

No specific recommendations

Sydenham’s chorea ECG, ECHO Secondary prophylaxis with Penicillin G (1.2 million units by
intramuscular injection every 21 days). In children younger
than 6 yr of age, the dosage of penicillin G is 0.6 million
units intramuscularly every 21 days. Allergic patients can
be given oral sulfa drugs, such as sulfadiazine, 500 mg
every 6 hr. The duration of treatment is dependent on the
severity of cardiac involvement. Patients with no carditis
may stop prophylaxis after 5 yr or age 18 (whichever is
longer), those with mild carditis should continue for 10 yr
or age 21, and those with moderate to severe carditis should
receive lifelong prophylaxis. For endemic areas, it is
recommended to maintain secondary prophylaxis up to age
21 yr

Heart valve surgery in severe mitral or aortic valve disease
McLeod syndrome (CHOR-XK;
MIM #300842)

ECG, ECHO No specific recommendations

Chorea-acanthocytosis
(CHOR-VPS13A; MIM
#200150)

ECG, ECHO Pacemaker implantation for severe arrhythmias (isolated
cases)

Parkinson’s disease
(including SNCA-related
PD) and Dementia with
Lewy bodies

Baseline ECG monitoring while
initiating domperidone,
donepezil or other QT-
prolonging medications

No specific recommendations

22q11.2 deletion syndrome-
associated Parkinson’s
disease

ECHO Corrective heart surgery for congenital heart defects

Restless legs syndrome and
periodic leg movements
of sleep

A recommendation for
prevention of cardiovascular
disease should be considered
on an individual basis

No specific recommendations besides management of possible
comorbidities, such as hypertension, renal failure,
diabetes mellitus, iron deficiency, and insomnia or sleep
fragmentation

Wilson’s disease (DYT/ATX-
ATP7B; MIM #277900)

ECG, ECHO No specific recommendations other than traditional management
of cardiomyopathy and arrhythmias

Mitochondrial disorders:
MERRF and MELAS
syndromes, Kearns-Sayre
syndrome, Leigh
syndrome, Leber
hereditary optic
neuropathy, NARP
syndrome, POLG-related
disorders, and some
oxidative
phosphorylation and
respiratory chain
disorders

ECG, ECHO No specific recommendations other than traditional management
of cardiomyopathy and arrhythmias; cardioverter-
defibrillator implantation is sometimes required for
cardiac conduction defects

Cerebrotendinous
xanthomatosis (ATX-
CYP27A1; MIM #213700)

ECG, ECHO Reduced-fat diet followed by pharmacological treatment with
statins and/or LDL apheresis and chenodeoxycholic acid;
caution has been suggested with statins as they may induce
muscle damage and rhabdomyolysis

ATP1A3-related syndromes Baseline ECG; cardiac
ultrasound, and Holter ECG;
annual 12-lead ECG screening
with Holter monitoring;
implantation of a cardiac
loop recorder in patients
with abnormal ECG and cardiac
symptoms

Placement of a pacemaker or implantable cardioverter-
defibrillator for asymptomatic or symptomatic asystole or
ventricular arrhythmias

(Continues)
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female patients.63 Secondary prophylaxis with penicillin G is rec-
ommended by the World Health Organization to reduce the
likelihood of progression to established rheumatic heart disease,
including cardiac failure and severe valvular insufficiency in
patients with isolated chorea.64

McLeod Syndrome (CHOR-XK)

This X-linked multisystem disorder includes progressive chorea,
cognitive impairment, and psychiatric symptoms. Additional fea-
tures, such as seizures, sensorimotor axonopathy, muscle weak-
ness and atrophy, cardiac alterations, and compensated hemolysis
have been described as well as abnormal laboratory findings, such
as acanthocytosis, elevated serum creatine kinase levels, absence
of Kx erythrocyte antigen expression, and weakened expression
of Kell blood group antigens. The multisystemic phenotype is
the result of allelic variants or deletions involving the XK gene,
which plays a key role in organogenesis, cellular structure, and
subcellular electrolyte and nutrient exchange.65 Cardiomyopathy
is found in 65% of individuals and precipitates congestive heart
failure and death in around 40% to 45% of cases.66–68 Cardiac
disease usually appears from the fifth decade onward and is char-
acterized by concentric ventricular remodeling or ventricular
hypertrophy, followed by dilated cardiomyopathy.66,69–71 Atrial
fibrillation or flutter or conduction defects such as atrio-
ventricular conduction slowing and repolarization alterations are
frequently reported.66,67,70,71 Aortic and mitral valve dysfunction
have also been reported in selected cases69,70 as well as myocar-
dial infarction and sudden cardiac death.69,71

Chorea-Acanthocytosis (CHOR-VPS13A)

This rare disorder is characterized by progressive chorea, cogni-
tive and behavioral changes, seizures, myopathy, and red cell
acanthocytosis, with onset in the third to fifth decade of life.
Cardiac disease, in the form of dilated or hypertrophic non-
obstructive cardiomyopathy, although found less frequently than

in McLeod syndrome, may lead to decreased ejection
fraction72–74 and is the cause of death in 16% of cases.68 Arrhyth-
mias, such as ventricular tachycardia or sick sinus syndrome with
severe bradycardia requiring pacemaker implantation, have also
been reported in some cases.72,74 Information on which to base
treatment decisions for heart disease in this condition is scarce.

Parkinsonism as the
Predominant Movement Disorder
PD and Dementia with Lewy Bodies (DLB)

Synucleinopathy pathology has been found in peripheral postgan-
glionic sympathetic neurons and in the myocardium, epicardium,
and perivascular nerve fibers in postmortem histopathology tissues
from patients with PD.75 Similarities between cardiovascular disease
and PD with respect to biological alterations in lipid metabolism,
as well as presence of oxidative stress, insulin resistance, or increased
inflammation, in combination with concordant and discordant risk
factors and comorbidities, have been extensively described.6 Studies
on ischemic heart disease–related mortality in patients with PD
have generated conflicting results.76–78 In those who are prescribed
drugs with potential adverse effects on cardiac conduction, or drugs
that increase the risk of sudden cardiac arrest, such as domperidone,
donepezil, citalopram, or escitalopram, baseline ECG monitoring is
advised, especially for those presenting concomitant heart disease
or who are polymedicated.79 Sudden unexpected death in PD,
defined as an unexpected death of a patient with PD without evi-
dent cause on autopsy80,81 may, on occasion, be secondary to car-
diovascular events, cardiac dysautonomia, sleep apnea (which
increases risk of myocardial infarction), or polypharmacy.82–84 Sud-
den death has also been reported in some cases of DLB.85

22q11.2 Deletion Syndrome-Associated PD

This multisystem condition is characterized by a plethora of clini-
cal manifestations, such as endocrinological disorders (ie,

TABLE 3 Continued

Entity
Monitoring or Screening

Recommendations Treatment Recommendations

Autoimmune movement
disorders:
IgLON5-antibody-linked
tauopathy, PERM,
autoimmune DPPX
potassium channel
antibody autoimmune
disorder, and autoimmune
anti-LGI1 limbic
encephalitis

ECG No specific recommendations other than traditional management
of cardiomyopathy and arrhythmias; placement of a pacemaker
for symptomatic bradycardia (in IgLON5-antibody-linked
tauopathy and autoimmune anti-LGI1 limbic encephalitis)

*These recommendations are based on the consensus clinical management guidelines for FRDA (Corben et al.) and were here applied
according to the author’s consideration to other disorders that commonly combine movement disorders and heart disease. These recommen-
dations may also apply for some other conditions that infrequently associate movement disorders with cardiac involvement (see Table S1).
DPPX, Dipeptidyl-peptidase-like protein-6; FRDA, Friedreichʼs ataxia; IgLON5, immunoglobulin-like cell adhesion molecule 5; ECG, electrocar-
diogram; ECHO, echocardiogram; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; LGI1, Leucine Rich Glioma Inactivated 1;
NARP, neuropathy, ataxia, and retinitis pigmentosa; NYHA, New York Heart Association; PERM, autoimmune glycine-receptor antibody-related
progressive encephalomyelitis.

660 MOVEMENT DISORDERS CLINICAL PRACTICE 2021; 8(5): 651–668. doi: 10.1002/mdc3.13188

REVIEW CARDIAC INVOLVEMENT IN MOVEMENT DISORDERS



hypoparathyroidism, hypocalcemia), velopharyngeal dysfunction,
recurrent infection, obesity, epilepsy, myoclonus, psychiatric
disorders (ie, anxiety and psychosis), and cognitive impairment.86

Patients have an increased risk of early-onset PD as well as of
parkinsonism not meeting the criteria for PD.86 Congenital heart
defects, such as tetralogy of Fallot, ventricular or atrial septal
defects, truncus arteriosus, patent ductus arteriosus, dilated aortic
root, or interrupted aortic arch are present in 50% to 75% of
patients, and 30% to 40% may require corrective heart sur-
gery.86,87 Heart disease in this condition may be underestimated
given that many patients also present cardiovascular risk factors,
such as psychiatric disorders and related comorbidities, including
smoking, obesity, and use of antipsychotics.

Restless Legs Syndrome and
Periodic Leg Movements of Sleep
(RLS-PLMS)
Large cross-sectional observational studies have found that both
restless legs syndrome RLS and/or periodic leg movements of
sleep (PLMS) are associated with an approximately 2-fold
increase in the risk of coronary artery disease as well as of other
types of cardiovascular disease, including heart failure, myocardial
infarction, and hypertension, even after excluding for con-
founding cardiovascular risk factors, particularly in patients with
more severe or frequent RLS symptoms.4,88–91 In a large cohort
of more than 3 million US veterans, incident RLS was associated
with an almost 4 times higher risk of coronary heart disease (haz-
ard ratio [HR], 3.97; 95% confidence interval [CI], 3.26–4.84).92

When RLS symptom duration was analyzed in a prospective
study of 70,977 women free from coronary heart disease at base-
line and followed for 6 years, patients with symptoms lasting for
at least 3 years showed an increased risk of coronary heart disease
(multivariable-adjusted HR,1.80; 95% CI, 1.07–3.01).93 Lastly, a
systematic review and meta-analysis including cross-sectional and
prospective studies on PLMS found a significantly elevated prev-
alence of coronary artery disease (odds ratio, 1.56; 95% CI,
1.2–2.1) and cardiovascular disease in the study population (odds
ratio, 1.27; 95% CI, 1.1–1.5).94

RLS may favor cardiovascular disease through autonomic
changes, modifying cardiovagal control, specific to arterial bar-
oreflex, leading to greater peripheral vascular resistance and sym-
pathetic overactivity95–97 and ultimately increasing cardiovascular
disease prevalence.95 A recent cross-sectional study of a large
population-based cohort of health outcomes in the Canadian
general population aged 45 to 85 years found that the mean
carotid intima-media thickness, an objective measure of athero-
sclerosis, was higher in the group of patients with probable RLS
(0.755 ± 0.17; n = 2047) in comparison with a control group
(0.736 ± 0.17; n = 24257) with an adjusted mean difference of
0.016 (95% CI, 0.008–0.024). Abnormal carotid intima-media
thickness (>1 mm) was observed 33% more often in patients
with RLS compared with controls (adjusted odds ratio, 1.33;
95% CI, 1.09–1.61). These findings persisted even after exclud-
ing those individuals with prior histories of any atherosclerotic

conditions or diabetes mellitus.98 The mechanisms for the con-
nection between RLS and atherosclerosis is unclear: in some of
them, such as microcirculation impairment in the legs and/or
global hypoxia, atherosclerosis could cause RLS, and in others,
such as sympathetic hyperactivity, autonomic fluctuations, and
hypertension that occur with PLMS, RLS could accelerate
atherosclerosis.98

In addition, as PLMS is present in more than 80% of patients
with RLS, a high frequency of leg movements (usually hundreds
per night) can cause repetitive sympathetic activation, increasing
HRV, resulting in hypertension and left ventricular
hypertrophy.88,97,99–102 Lastly, comorbidities associated with
RLS/PLMS, such as renal failure, diabetes mellitus, iron defi-
ciency, and insomnia or sleep fragmentation may predispose
patients to heart disease.96,103 Randomized interventional studies
specifically targeting treatment of PLMS and evaluating the effect
on cardiovascular disease morbidity and mortality are required.
Meanwhile, recommendations for the prevention of cardiovascu-
lar disease should be considered on an individual basis.104

Neurological Conditions That
Can Present with Varying Types
of Movement Disorders
Wilsonʼs Disease

Wilsonʼs disease (WD) is a rare autosomal recessive inherited
multisystemic disorder of chronic copper toxicity primarily
affecting the liver and the brain. The disease usually manifests in
children and young adults with liver failure and/or with move-
ment disorders, such as parkinsonism, dystonia, tremor, or chorea
as well as with cognitive or behavioral problems.105 The charac-
teristic Kayser-Fleischer rings are frequently present and result
from copper deposition in Descemetʼs membrane of the cor-
nea.105 Cardiac abnormalities in WD have been widely reported,
are mostly asymptomatic or mild without systolic or diastolic
dysfunction, and may be present already during childhood (eg,
subclinical diastolic dysfunction).106,107 Cardiac disease in WD
encompasses hypertrophic cardiomyopathy, ECG abnormalities
(early repolarization, ST depression, T-wave inversion, wide
QRS complex, premature atrial or ventricular contractions, sino-
atrial block, Mobitz type 1 atrioventricular block), and arrhyth-
mias (supraventricular tachycardia, extrasystolic beats, atrial and
ventricular fibrillation) or conduction defects that can cause heart
failure and/or sudden cardiac death.107–109 In a large longitudinal
cohort study of 463 patients with WD, a 29% higher risk of atrial
fibrillation (HR, 1.29; 95% CI, 1.15–1.45; P < 0.0001) and a
55% higher risk of heart failure (HR, 1.55; 95% CI, 1.41–1.71;
P < 0.0001) were found, both before and after adjusting for
potential confounders and mediators.110 Hypertrophic cardiomy-
opathy commonly starts early as concentric ventricular remo-
deling and progresses with thickening of the interventricular
septum and the posterior ventricular wall.107 Less frequently,
dilated cardiomyopathy is also observed in patients with severe
heart disease.108 Left ventricle hypertrophy, prolonged QT, and
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QTc intervals or cardiac autonomic dysfunction have been
reported more commonly in patients with neurologic involve-
ment rather than predominantly hepatic compromise.111–113

Mortality attributed to cardiac complications is less frequent than
from liver failure, esophageal hemorrhage, or infections in
patients with advanced disease who are bedridden.114–116 Cardiac
evaluation of patients with WD should be part of the routine
clinical examination as the presence of cardiac arrhythmia and
cardiomyopathy may have therapeutic and prognostic
implications.

Cerebrotendinous Xanthomatosis
(ATX-CYP27A1)

This autosomal recessive neurometabolic disorder is characterized
by infantile or early childhood onset of chronic diarrhea, tendon
xanthomas, cataracts, and neurological manifestations, such as cog-
nitive impairment, behavioral disorders, peripheral neuropathy,
epilepsy, dystonia, parkinsonism, palatal tremor, myoclonus, and
cerebellar ataxia. Frequency of cardiovascular disease ranges
between 10% and 20%.117,118 Patients may present severe prema-
ture coronary heart disease that can cause angina pectoris, myocar-
dial infarction, and sudden death.117,119,120 Interestingly,
dyslipidemia and other atherogenic risk factors are usually not
associated.121 This discrepancy suggests that atherosclerosis is likely
to be induced by a single mechanism of disturbed lipoprotein
metabolism responsible for cholestanol deposition in sub-
endothelial vessel layers.122–124 In addition, other pathophysiologi-
cal causes of atherosclerosis may be present, including a lack of
sterol 27-hydroxylase activity in cellular constituents of the ather-
oma and altered reverse cholesterol transport, which are pathways
whereby cholesterol is removed from peripheral tissues and deliv-
ered to the liver to be excreted in bile or degraded into bile acids
before elimination from the body.122–124 Lipomatous hypertrophy
of the atrial septum, atherosclerotic aneurysms in coronary arteries,
cardiac autonomic dysfunction, and arrhythmias such as ventricular
tachycardia and atrial fibrillation have also been reported.125–128

The presence of cardiovascular disease should be investigated even
in asymptomatic patients, and prevention and treatment prescribed
when necessary, including a reduced-fat diet followed by pharma-
cological treatment with statins or even LDL apheresis and
chenodeoxycholic acid.

Mitochondrial Disorders

Patients with mitochondrial alterations often present with move-
ment disorders.129 Because cardiac metabolic demand is high,
and mitochondrial function a key determinant of myocardial
performance, cardiac involvement is common in patients with
mitochondrial disorders (up to 40% of cases).130,131 Hypertrophic
and/or dilated cardiomyopathy is frequently observed.2,131,132

Arrhythmias (eg, sinus tachycardia, supraventricular tachycardia,
nonsustained ventricular tachycardia, ventricular extrasystoles)
and conduction defects (eg, bundle branch block, ventricular
premature beats, and Wolff–Parkinson–White syndrome) occur

in a significant proportion of patients leading to premature
death.132,133 Conduction defects are particularly characteristic of
Kearns-Sayre syndrome, a disorder caused by single or multiple
large mitochondrial DNA deletions, commonly associated with
ataxia.2,134 Myoclonic epilepsy associated with ragged-red fibers
(MERRF) and mitochondrial myopathy, encephalopathy, lactic
acidosis, and stroke-like episodes are disorders commonly associ-
ated with myoclonus and ataxia. The m.8344A>G pathogenic
variant in MT-TK in MERRF in particular has been linked to
cardiac abnormalities (30% to 50% of patients).132,133 POLG-
related disorders can manifest with movement disorders, such as
ataxia, parkinsonism, and dystonia as well as cardiac disease,
including cardiomyopathy (generally dilated), mitral valve pro-
lapse and insufficiency, and cardiac conduction defects.135–138

Other mitochondrial disorders that frequently combine cardiac
disease and movement disorders, such as ataxia, dystonia, tremor,
or spastic paraparesis include Leigh syndrome, Leber hereditary
optic neuropathy, neuropathy, ataxia, and retinitis pigmentosa
(NARP) syndrome as well as certain oxidative phosphorylation
and respiratory chain disorders, such as coenzyme Q10 defi-
ciency. These are frequently overlapping syndromes caused by
alterations in both nuclear and mitochondrial genes involved in
energy metabolism, frequently presenting hypertrophic or dilated car-
diomyopathy, arrhythmias, and cardiac conduction defects.2,139–143

Detailed cardiac manifestations of these disorders can be found in
Tables 1 and 2 and Table S1.

ATP1A3-Related Syndromes

The ATP1A3-related disorders include 3 different heterogeneous
and overlapping phenotypes: rapid-onset dystonia-parkinsonism
(RDP), alternating hemiplegia of childhood (AHC), and cerebel-
lar ataxia, areflexia, pes cavus, optic atrophy, and sensorineural
hearing loss (CAPOS).144 ECG abnormalities were found in up
to 60% of the patients with AHC, a disorder characterized by
early-onset, recurrent, often alternating, and hemiplegic episodes
and is also associated with seizures and nonparoxysmal neurologi-
cal features.144,145

In RDP, which is characterized by an abrupt onset and rapidly
progressive asymmetric dystonia and parkinsonism in adolescence
or young adulthood, associated with predominant bulbar symp-
toms and gait instability occurring commonly with a rostrocaudal
gradient patter of neurologic deterioration, and in CAPOS syn-
drome, ECG abnormalities were found in 67% of patients (6 of
9 patients with RDP and 2 of 3 patients with CAPOS syn-
drome).144 ECG abnormalities included dynamic alterations of
the repolarization phase, with or without intraventricular con-
duction delay, or incomplete right bundle branch block and
J-wave or J-point changes (but no Brugada syndrome pat-
tern).144,145 Rarely, asystole has been reported.144,146 These
ECG changes occurred independently of structural abnormalities
detectable on echocardiography and were unrelated to seizures
or plegic episodes. However, they may account for some of the
unexplained premature mortality.144,145 Syncope, which can be
present in up to 3% of patients with AHC, is often associated
with atrioventricular block, ventricular ectopy or asystole,
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requiring the implantation of a cardiac loop recorder to identify
patients potentially at higher risk of sudden cardiac death who
may benefit from the insertion of a pacemaker or implantable
cardioverter-defibrillator.144 Patients with ATP1A3-related syn-
dromes, especially those with AHC, should have longitudinal
and systematic cardiac assessments by cardiologists with expertise
in inherited cardiac disease.144

Autoimmune Movement Disorders

Movement disorders are a prominent and common feature in
several autoantibody-mediated neurological diseases.147

Immunoglobulin-like cell adhesion molecule 5 IgLON5-
antibody-linked tauopathy is characterized by prominent sleep
behavior disorder, including periodic limb movements and
breathing difficulties, and is often associated with bulbar symp-
toms, ataxia, oculmotor disturbance, cognitive decline, and cen-
tral hypoventilation. In this condition, cardiac dysautonomia has
been reported, including ventricular tachycardia and symptom-
atic bradycardia requiring pacemaker implantation147,148 as well
as isolated Takotsubo cardiomyopathy.148,149 In Anti–N-methyl-
D-aspartate receptor encephalitis, a condition characterized by
neuropsychiatric disturbance, cognitive impairment, seizures,
reduced consciousness, central hypoventilation, and movement
disorders, such as orofacial and limb dyskinesia, chorea, dystonia,
ataxia, myoclonus, parkinsonism, and paroxysmal dyskinesias,
cardiac dysautonomia or dysrhythmias, including tachycardia or
bradycardia, with prolonged pauses and even ictal asystole and
torsades de pointes leading to cardiac arrest have been
reported.150–153 In a large cohort of 100 patients, cardiac dys-
rhythmias occurred in 37% of patients.150 In glycine-receptor
antibody-related progressive encephalomyelitis (PERM) mainly
characterized by a stiff-person syndrome, myoclonus, ataxia, and
acquired hyperekplexia and in Dipeptidyl-peptidase-like protein-
6 DPPX potassium channel antibody autoimmune disorder
(PERM-like phenotype with gastrointestinal hyper- or hypo-
mobility and marked weight loss) ventricular tachycardia and car-
diac arrest have been reported but are rare.147,154 Finally,
episodic bradycardia (usually prodromal), sinus arrest, and other
arrhythmias requiring a pacemaker have been reported in auto-
immune Leucine-rich glioma-inactivated 1 anti-LGI1 limbic
encephalitis, a condition characterized by faciobrachial dystonic
seizures, sleep behavior disorders and/or chorea, myoclonus, par-
kinsonism, tremor, or paroxysmal dyskinesias preceding or com-
bined with cognitive impairment and/or hyponatremia.155 No
specific management recommendations have been published.

Movement Disorders as
Neurologic Complications of
Major Cardiac Surgery
Postoperative encephalopathy with choreoathetosis and post-
pump progressive supranuclear palsy–like syndrome are neuro-
logic complications of major cardiac surgeries that should not be

underrecognized. Post-pump chorea has been classically recog-
nized in 1% to 18% of children as a complication of cardiac sur-
gery that undergoes cardiopulmonary bypass and deep
hypothermia circulatory arrest, such as congenital heart defect
corrective surgery, aortic surgery, or pulmonary endarterectomy,
but can also occur in adults.156–160 It consists of generalized cho-
rea, choreodystonia including orolingual and facial musculatures
or choreoballism that usually develops after a latent period of
normal motor function of few hours or days postoperative with a
peak of severity at 2 weeks and subsequent ameloriation of cho-
reic movements that can self-limit of even persist for several
months or permanently.156,158 The exact etiology and patho-
physiology of this complication is unknown, but probably cen-
ters around several factors that may lead to partial basal ganglia
ischemia.161 Bilateral putaminal hypometabolism in [18F]
fluorodeoxyglucose-positron emission tomography and transient
bilateral hyperintensities of globus pallidus on diffusion-weighted
magnetic resonance imaging (MRI) were found.158,160,162 Sev-
eral factors may contribute with both the development and the
severity of post-pump chorea, which include prolonged time on
pump, duration of circulatory arrest time, lower temperature of
deep hypothermia, quicker postsurgical rewarm, variability in
blood pH and PaCO2 resulting in fluctuations in cerebral blood
flow, and age beyond early infancy.157,159 Treatment with
tetrabenazine, haloperidol, carbamazepine, pimozide, and sodium
valproate were of very limited benefit in providing symptomatic
relief and of no benefit in modifying evolution of the disease
process or long-term outcomes.156,158,160,162

Post-pump progressive supranuclear palsy–like syndrome has
been reported less frequently than post-pump chorea and has
been described exclusively in adults after aortic surgery.158,163–166

Symptom onset occurs usually during the first postoperative
month.158,163,164 Clinical manifestations usually include a pre-
dominant axial parkinsonism, vertical and/or horizontal gaze
palsy, dysarthria, dysphagia, and postural instability, and in some
cases seizures or blepharospasm were observed.158,164,165 Clinical
progression is usually rapid within a few weeks and then stabilizes
without further progression and permanent disability.158,164 The
mechanism of injury remains unclear. Although brainstem lesions
are usually absent on MRI imaging,164 damage of midbrain
structures were found, possibly attributed to perioperative ische-
mic stroke.158,164,166 Treatment with levodopa or amantadine
has been shown to be ineffective.158,164,166

Conclusions
The coexistence of cardiac disease and movement disorders has
received little attention, especially among neurologists, who
commonly leave out cardiac assessment in patients with move-
ment disorders. This educational review has focused on move-
ment disorders with common and prominent cardiac
involvement in an attempt to heighten awareness on the need
for routine cardiac assessments as well as to recommend caution
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in prescribing QT-prolonging medications in this patient
population.

A complete cardiac function evaluation is recommended in
patients with movement disorders who present abnormalities on
initial screening or conditions frequently associated with heart
disease as appropriate treatment may reduce morbidity and mor-
tality.13,14,115,130 Management of functional or structural heart
abnormalities should follow universal cardiovascular disease treat-
ment guidelines. Monitoring and treatment recommendations
for movement disorders associated with heart disease are
described in Table 3.

In other conditions, association only occurs in isolated cases,
probably as a result of underestimation, particularly of minor
asymptomatic cardiac abnormalities, as not all patients undergo
routine cardiovascular evaluation.

Heart involvement can present early, and even precede neu-
rological manifestations, or it may only occur during later stages
of disease. The question remains as to whether the same patho-
physiological processes are responsible for both movement disor-
ders and cardiac disease, as is the case in FRDA, WD, or other
metabolic disorders, including Refsum disease, Gaucher disease,
congenital disorder of glycosylation, or cerebrotendinous
xanthomatosis or whether 1 may be the cause and the other the
consequence. The hypothesis suggesting that progressive norad-
renergic denervation in patients with α-synucleinopathies such as
PD is the underlying cause of orthostatic hypotension, cognitive
impairment, and falls and that recurrent cerebral hypoperfusion
results in cognitive decline in PD remains unproven.167–169 Nev-
ertheless, the occurrence of movement disorders with highly
prevalent cardiac diseases should always be suspected.

Increasing neurologist awareness of movement disorders asso-
ciated with cardiovascular disease should be encouraged to diag-
nose heart involvement early and prompt appropriate
management, reducing the associated patient morbidity and
mortality.
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Table S1. Conditions occasionally or rarely associated with
movement disorders and cardiac involvement.
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