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Hyperkinetic movement disorders are characterized by the presence of abnormal
involuntary movements, comprising most notably dystonia, chorea, myoclonus, and
tremor. Possible causes are numerous, including autoimmune disorders, infections of
the central nervous system, metabolic disturbances, genetic diseases, drug-related
causes and functional disorders, making the diagnostic process difficult for clinicians.
Some diagnoses may be delayed without serious consequences, but diagnosis delays
may prove detrimental in treatable disorders, ranging from functional disabilities, as in
dopa-responsive dystonia, to death, as in Whipple’s disease. In this review, we focus on
treatable disorders that may present with prominent hyperkinetic movement disorders.

Keywords: hyperkinetic, movement disorders, treatable, autoimmune, infectious, metabolic, genetic

Hyperkinetic movement disorders comprise dystonia, chorea, myoclonus, tics, stereotypies, and
tremor, which can be isolated or associated with other neurological or non-neurological signs.
Possible causes are numerous, and prioritization might prove challenging for clinicians. Whereas
some diagnoses may be missed or delayed without serious consequences, diagnosis delays may
prove detrimental in treatable disorders, which should, therefore, always be at the forefront of
investigations (see Figures 1, 2 for an overview). Whereas metabolic, drug-induced and functional
disorders are quite frequent, autoimmune, infectious and genetic causes are rare. In this review, we
focus on disorders that may present with prominent hyperkinetic movement disorders, and thus
be referred primarily to movement disorders specialists. We included disorders that could be fully
cured or significantly improved with either pathogenic or symptomatic treatment.

AUTOIMMUNE DISEASES

Hyperkinetic movement disorders are a common presenting feature of autoimmune disorders,
often associated with other neurological and non-neurological symptoms. In addition, some
presentations are very evocative of a specific cause, such as faciobrachial dystonic seizures in anti-
LGI1 encephalitis. An autoimmune work-up and a brain MRI should therefore always be done in
patients presenting with movement disorders of a subacute onset. The main causes and findings are
summarized in Table 1.

Antiphospholipid Syndrome/Systemic Lupus Erythematosus
Movement disorders, particularly chorea, are well-known complications of antiphospholipid
syndrome (APS) and systemic lupus erythematosus (SLE) (1, 2). Although these two disorders are
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FIGURE 1 | Main causes of treatable hyperkinetic movement disorders.
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FIGURE 2 | Main causes of treatable hyperkinetic movement disorders based on the phenomenology.
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TABLE 1 | Autoimmune causes of hyperkinetic movement disorders.

Cause Movement disorders Laboratory findings Brain MRI findings Treatment
Antiphospholipid syndrome Chorea + + + Antiphospholipids (lupus Normal or ischemic strokes Antithrombotic
PNKD, myoclonus, dystonia, ataxia anticoagulant, anti-cardiolipin, therapy
anti-p2-GP1)
Lupus Chorea + + + Anti-DNA antibodies Normal or non-specific Immunotherapy
PNKD, myoclonus, dystonia, ataxia abnormalities
Anti-NMDA encephalitis Orofacial dyskinesia, Anti-NMDA antibodies Possible T2 hyperintensities Immunotherapy
Chorea, dystonia, myoclonus +/- cancer
treatment
Anti-LGI1 encephalitis Faciobrachial dystonic seizures Anti-LGI1 antibodies Possible T2 hyperintensities Immunotherapy
Stiff person spectrum disorders Fluctuating muscle rigidity, spasms, Anti-GAD antibodies + + + Possible T2 hyperintensities Immunotherapy
hyperekplexia, myoclonus Anti-GlyR, anti-amphiphysin,
anti-DPPX
Anti-CV2/CRMP5, anti-D2R, Chorea Anti-CV2/CRMP5, anti-D2R, Possible basal ganglia T2 Immunotherapy
anti-Hu encephalitis anti-Hu antibodies hyperintensities
Anti-lgLON5 disease Chorea, myoclonus, ataxia Anti-lgLONS5 antibodies Normal or brain atrophy Immunotherapy

Coeliac disease

Hashimoto’s encephalopathy

Chorea, myoclonus, restless legs
syndrome, dystonia, tremor,
paroxysmal dyskinesia, ataxia

Myoclonus, dystonia, tremor,
chorea

Polysomnography abnormalities
Central hypoventilation
Anti-transglutaminase and/or
anti-gliadin antibodies,

Positive duodenal biopsy
Anti-Tg and anti-TPO antibodies,
Possible thyroiditis

Possible T2 hyperintensities

Gluten-free diet

Immunotherapy

PINKD, paroxysmal non-kinesigenic dyskinesia; Tg, thyroglobulin; TPO, thyroid peroxydase. +*+Most frequent.

often combined, movement disorders have been described in APS
without SLE, and in rare cases of SLE without antiphospholipid
antibodies (aPL) (2, 3). APS is usually defined by the occurrence
of recurrent thrombosis and/or pregnancy complications in the
presence of persistent aPL (lupus anticoagulant, anti-cardiolipin
or anti-B2-glycoprotein-1, present on two occasions, at least 12
weeks apart) (1, 4). Movement disorders may be a consequence
of ischemic strokes, but often occur without any evidence of
ischemic damage. They are reported in <5% of patients with
APS and SLE but may be the sole presenting manifestation (5, 6).
In this setting, the most common movement disorder is chorea,
which may be unilateral or generalized (often asymmetrical).
Other movement disorders reported in APS and SLE include
paroxysmal non-kinesigenic dyskinesia, myoclonus, dystonia,
parkinsonism, and cerebellar ataxia (2, 7). Other causes, such
as coincidental Parkinson’s disease, must of course be excluded
before confirming the diagnosis. Pathogenesis may involve
both thrombotic and immunologic processes, as responses to
either antithrombotic or immunosuppressive therapy have been
reported. Other processes might be involved as well, since
APS and SLE are causes of chorea gravidarum, which remits
after delivery in most cases (8). Of note, the occurrence of
thrombotic events is frequent over the disease course in patients
with isolated chorea at the disease onset (9). Chorea and
paroxysmal dyskinesia may abate significantly or even disappear
with antithrombotic treatment alone, even without evidence
of ischemic damage (2, 7, 9, 10). Therefore, antiplatelet or
anticoagulant therapy is recommended in all patients, the latter
preferred for patients with thrombotic APS (11). Dopamine
antagonists may be used as well in patients with disabling

hyperkinetic movements, particularly during the initial phase.
Immunotherapy may be considered in non-responders and
patients with additional autoimmune manifestations.

Autoimmune or Paraneoplastic

Encephalitis

Movement disorders of all kinds are a common feature of
autoimmune and paraneoplastic encephalitis, either at the
forefront of the phenomenology or as part of a larger phenotype
(12, 13). The subacute onset of movement disorders is an
important clue to the diagnosis, which should prompt the
search for autoantibodies in the serum and the cerebrospinal
fluid (CSF). Early and adequate diagnosis is key, as most
patients respond well to immunotherapy and/or treatment of an
underlying cancer, especially in cases of autoantibodies targeting
cell-surface antigens, less so with antibodies against intracellular
antigens (12).

Chorea and cerebellar ataxia may be seen in various types
of autoimmune and paraneoplastic encephalitis, so that their
acute or subacute occurrence should always prompt the search
for autoantibodies targeting either cell-surface or intracellular
antigens. Here, we will review a few examples where hyperkinetic
movement disorders are either highly predictive or the main
symptom of a particular disorder.

Anti-N-methyl-D-aspartate (NMDA) receptor encephalitis
is the most frequent autoimmune encephalitis, particularly in
young women (13). It is frequently associated with an ovarian
teratoma. Diagnostic delay is frequent, as patients may present
solely with psychiatric or cognitive symptoms at the onset.
Various movement disorders are common, often with a very wide
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range of abnormal movements that are difficult to classify with
standard definitions (3). Orofacial dyskinesias are very evocative
of anti-NMDA encephalitis when the onset is subacute and
unrelated to chronic neuroleptics exposure.

Anti-LGI1 encephalitis, also quite frequent, is characterized
by a movement disorder that is almost pathognomonic,
i, faciobrachial dystonic seizures. Rapid diagnosis and
treatment are keys to prevent the development of cognitive
impairment (14).

Another specific clinical presentation not to be missed
concerns Stiff person spectrum disorders (SPSD), which include
stiff person syndrome, stiff limb syndrome, stiff person plus
(with additional symptoms), and progressive encephalomyelitis
with rigidity and myoclonus (PERM) (13, 15). Clinically, they
are characterized by fluctuating muscle rigidity, spasms, and
hyperekplexia, inducing frequent falls, and may be fatal in the
case of PERM. In addition, anxiety and specific phobias such
as pseudoagoraphobia, i.e., gait-specific phobia, are frequent
features of stiff-limb and stiff-person syndrome (16, 17). Due
to the associated psychiatric symptoms, the fluctuating nature
of the rigidity and sometimes unexplained falls, SPSD are often
misdiagnosed as functional disorders. Associated antibodies are
mainly anti-GAD, followed by Glycine receptors antibodies,
anti-amphiphysin and DPPX, the latter further characterized by
gastrointestinal symptoms with severe weight loss (18).

Chorea may be seen in patients with anti-CV2/CRMP5,
anti-Dopamine D2 receptors (D2R), or anti-Hu (19). It is
usually combined with other neurological signs and MRI FLAIR
hyperintensities, but may also be isolated (10% of CV2/CRMP5
cases) and with normal MRI or with a caudate atrophy suggestive
of Huntington’s disease.

Finally, wrongful diagnoses of progressive supranuclear palsy
or multiple system atrophy may be made in cases of anti-IgLON5
disease, characterized by various combinations of hypo- and
hyperkinetic movement disorders, sleep abnormalities, cognitive
impairment, bulbar signs, and respiratory dysfunction (12, 20).
A subacute onset and rapid worsening are red flags that should
prompt the search for anti-IgLONS5 antibodies. First believed to
be mainly a neurodegenerative disorder of poor prognosis, anti-
IgLONS5 disease more and more appears to involve autoimmune
processes, with recent reports of good responses to aggressive
and sustained immunotherapy, advocating for the importance of
early diagnosis and treatment in this disorder (21).

Other Autoimmune Diseases

Coeliac disease, or gluten-sensitive enteropathy, is mostly
characterized by gastrointestinal symptoms, but may be
accompanied by neurological signs (22, 23). Cerebellar ataxia
is the most common neurological presentation, but varied
hyperkinetic movement disorders such as chorea, myoclonus,
restless legs syndrome, dystonia, tremor and paroxysmal
dyskinesia may be seen (24). In particular, cortical myoclonus,
characterized by prominent stimulus sensitivity, is quite
frequently seen in Coeliac disease (CD) (25). Diagnosis is
suggested by the positivity of anti-transglutaminase and/or
anti-gliadin antibodies and may be confirmed by duodenal
biopsy. Treatment with gluten-free diet has been reported to

improve or even suppress movement disorders in some patients
but is often ineffective on myoclonus (24-26).

Hashimotos encephalopathy may also present with
ataxia and/or movement disorders, namely myoclonus,
dystonia, tremor or chorea, with or without clinical signs of
encephalopathy (3, 27). Diagnosis should therefore be suspected
in any patient with unexplained movement disorders, and anti-
thyroglobulin (Tg) and anti-thyroid peroxidase (TPO) dosed in
serum and CSF even when thyroid hormone levels are normal
(27). Caution should, however, be applied before confirming
the diagnosis, as these antibodies are quite frequently found in
the general population. Treatment involves corticosteroids and
intravenous immunoglobulins.

Although movement disorders are not common features
of Sjogren syndrome, subacute chorea has been reported
in rare cases, with treatment involving corticosteroids or
immunosuppressive drugs (28, 29). Hyperkinetic movement
disorders may also be seen in neuro-Behcet’s disease (30, 31).

INFECTIOUS DISEASES

Many infections of the central nervous system (CNS) have an
affinity for the basal ganglia and can result in a variety of
movement disorders. The movement disorders can be (i) the
consequence of infectious space-occupying lesions located in the
basal ganglia or other regions implicated in motor control, (ii)
the manifestation of an acute infectious encephalitis, or (iii) the
expression of a delayed immune-mediated process related to
the infection. Infection may cause up to 20% of all secondary
movement disorders (32).

This section will focus on treatable infection-related
hyperkinetic movements that should be diagnosed as early
as possible for optimal recovery. Treatments (summarized in
Table 2) may comprise antimicrobial agents, which are the
cornerstone of the treatment, symptomatic treatments during
the acute phase, and immuno-active treatments in patients with
delayed immune-mediated movement disorders.

Hyperkinetic Movement Disorders Due to

Viral Infection of the Basal Ganglia

Several neuroinvasive viruses with an affinity for basal ganglia
can induce hyperkinetic movement disorders (33). In the
absence of specific antiviral therapy, patients with virus-induced
hyperkinetic movements receive symptomatic treatments and
immunomodulation when appropriate. Direct brain invasion
by HIV and the subsequent activation of the local immune
response can result in a wide range of movement disorders,
including chorea, tremor, myoclonus, dystonia, and paroxysmal
dyskinesia (34-38). Typically, chorea or tremor are observed
in patients with cognitive deterioration in the context of HIV
encephalopathy or AIDS-dementia complex (35, 39, 40). Similar
movement disorders can also be observed in patients with HIV
CNS viral escape, who have an independent replication of HIV
RNA in the central nervous system (despite a well-controlled
plasma HIV infection), due to selective resistance to the
treatment of the virus present in the CSF compartment (34, 41).
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TABLE 2 | Antimicrobial management and immunoactive treatment of infectious and parainfectious hyperkinetic movement disorders.

Disease Diagnosis Treatment
HIV Serology, P24 antigen Highly active combination antiretroviral therapy with high penetrance in the central nervous
RT-PCR in serum and CSF system

Toxoplasmosis Serology and PCR in serum and CSF Acute therapy: pyrimethamine 200 mg PO 1 time, followed by weight-based therapy (at least 6
weeks)$
Second- line therapy (intolerance): atovaquone PO 1,500 mg bid or clindamycine 30 mg/kg
daily (tid or gid, max 2,400 mg)

Cryptococcosis Cryptococcal antigen (CrAg) Induction therapy (at least 2 weeks): amphotericin B 3-4 mg/kg IV daily + flucytosine 25 mg/kg

Histoplasmosis

Cysticercosis

Whipple's disease

Syphilis

Tuberculosis

Tetanus

HSV induced AE

Sydenham’s Chorea
(SC) (PANDAS)

OMAS

detection and culture in serum and
CSF

India ink staining of CSF

Serologic tests and detection of
histoplasma antigen in blood, urine
and CSF

Serology in serum and CSF, PCR in
CSF

Limb X-Ray

PCR in CSF, serum, saliva, feces

PAS positivity on small bowel biopsy
Troponemal (TPHA) and non
treponemal (VDRL) tests in serum and
CSF

HIV serology, Brain MRI

Chest X ray/CT scan

AFB smear and culture (sputum, BLA
X3, CSF)

PCR in CSF, Brain MRI, HIV serology

Throat swab for GAS rapid test
and/or culture (patient and contacts)
ASO, ADB repeat after 2-6 weeks
HSV RT-PCR in CSF

Anti-neuronal antibodies in serum and
CSF

Throat swab for GAS rapid test and
culture (patient and contacts)
ASO, ADB; repeat in 2-6 weeks

Wide infectious assessment

PO qid

Consolidation therapy (at least 8 weeks): fluconazole 400 mg PO (or IV) daily

Maintenance therapy (at least 12 months): fluconazole 200 mg PO daily

Induction therapy (4-6 weeks): liposomal amphotericin B IV 3 mg/kg/day once a day.
Maintenance therapy: itraconazole 200 mg PO bid or tid for >12 months and until resolution of
abnormal CSF findings followed when necessary by itraconazole 200 mg PO daily; therapeutic
drug monitoring (10-14 days after starting, once monthly for follow-up)

Second- line therapy (digestive intolerance or itroconazole level <1 mcg/mL): voriconazole,
posaconazole

Albendazole 15-30" mg/kg/day + praziquantel 50 mg/kg per day (15 days) + dexamethasone
0-1 mg/kg/day* € given 1-2 days before therapy

Doxycycline 200 mg/day and hydroxychloroquine 600 mg/day for 12 months, followed by
lifetime treatment with Doxycycline 200 mg/day

First-line: benzyl penicillin 18-24 million units IV daily (10-14 day)

Second-line (If hospitalization and IV benzyl penicillin is impossible):

o Ceftriaxone 1-2 g IV daily (10-14 days)

e Procaine penicillin 1.2-2.4 million units IM daily and probenecid 500 mg qid (both 10-14 days)
Penicillin allergy: desensitization to penicillin followed by the first-line regimen

Third-line: vioramycine 100 mg PO tid (10-14 day)

Intensive phase (2 months): isoniazid, rifampicin, pyrazinamide (in case of full susceptible M.
tuberculosis); 4+ ethambutol (when susceptibility non tested or resistance)® + dexamethasone *
$$

Continuation treatment (7—10 months): isoniazid + rifampicin (unchanged daily dosage)
multiresistance: moxifloxacine, linezolide, amikacin

Metronidazole 500 mg, IV, tid or penicillin G, 100,000-200,000 IU/kg/day

Tetanus antitoxin: 500-3,000 IU, once IM

Vaccination

Intravenous aciclovir 10 mg/kg g8 h discontinued when HSV PCR negative in CSF on 2
occasions at least 24-48 hrs apart or when anti neuronal antibodies are positive in CSF
First-line immunotherapy: corticosteroids, IVIG or plasmapheresis

Second-line immunotherapy: rituximab, cyclophosphamide

Maintenance therapy: oral corticosteroids, monthly IVIG, azathioprine, mycophenolate mofetil
Penicillin V PO (10 days): children 250 mg/dose bid or tid; adolescents or adults 500 mg/dose
bid

or Amoxicillin PO 10 days 50 mg/kg once daily, maximum 1g

Penicillin allergy: clindamycin PO (10 days) 7 mg/kg/dose tid or clarithromycin PO (10 days) 7.5
mg/kg/dose bid or azithromycin PO (5 days) 12 mg/kg once or any other macrolide

Chroea paralytica: prednisone (2 mg/kg/day) or methylprednisolone (25 mg/kg/day) for 3-4
weeks

SC refractory to antibiotic therapy: IVIG or plasmapheresis

Antibiotic prophylaxis: benzathine penicillin G IM once monthly 600 000-1.2 M U for up to 5
years

Antimicrobial therapy when appropriate

Immunotherapy: corticosteroids, IVIG or both

HIV, human Immunodeficiency Virus;, CSF, cerebrospinal fluid; TPHA, pallidum hemagglutination test; VDRL, Venereal Disease Research Laboratory test; AFB, acid-fast bacilli; PCR,
polymerase chain reaction; RT-PCR, real-time polymerase chain reaction;, HSV Herpes Simplex Virus; HSV AE, HSV-induced autoimmune encephalitis; PANDAS, Pediatric Autoimmune
Neuropsychiatric Disorders Associated with Streptococcal Infections;, SC, Sydenham’s Chorea; GAS, group A beta-hemolytic streptococcus; ASO, antistreptolysin-O; ADB, anti-
DNase B antibodies; BAL brochioalveolar lavage; OMAS, Opsoclonus-myoclonus-ataxia syndrome; IM, intramuscular; 1V, intravenous; IVIG, intravenous immunoglobulin; PO, oral
administration/per oral; bid two times daily; tid three times daily; qid four times daily, g (n) h = every “n” h.
8If <60 kg, pyrimethamine 50 mg PO once daily + sulfadiazine 1,000 mg PO g6 h daily; If >60kg, pyrimethamine 75 mg PO once daily + sulfadiazine 1,500 mg PO q6 h daily; + folinic
acid 10-25mg PO daily.
TAlbendazole: 15 mg/kg/day for intra-parenchymal cysts; 30 mg/kg/day for subarachnoid and ventricular cysts.
*To avoid immune response due to pathogen lysis.

Dexamethasone up to 16 mg/kg when intracranial hypertension, for 1-2 weeks or more, slow taper.
8Isoniazid 5 mg/kg/day per kg; rifampicin 10 mg/kg/day; ethambutol 20 mg/kg/j kg; pyrazinamide 20-30 mg/kg/j.
88 Dexamethasone IV 4 weeks (0-4 mg/kg per day for week 1, 0-3 mg/kg per day week 2, 0-2 mg/kg per day week 3, 0-1 mg/kg per day week 4) followed by 4 mg total of oral drug,
reduced each week by 1 mg until zero was reached.
£< 27kg (60 Ib): 600,000 U; >27 kg (60 Ib): 1.2 M U; for up to 5 years in SC.
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Initiation or optimization of highly active antiretroviral therapies
combinations, favoring drugs with good CNS penetration, is
usually an effective treatment of movement disorders in this
setting (34, 35, 41-44).

Hyperkinetic Movement Disorders Due to

Parasitic and Fungal Infections

Parasitic infections located in the basal ganglia and thalamus
may induce contralateral limb ballism, choreoathetosis, and
dystonia. Hemichorea-hemiballismus is the most frequent
movement disorder in patients with cerebral toxoplasmosis,
which is mainly observed in immunocompromised patients
(33, 45). It remains rare, occurring in <10% of cerebral
toxoplasmosis cases (46). Cerebral fungal infection should
be considered in immunodeficient patients presenting with
abnormal hyperkinetic movements. Hemichorea-hemiballismus
and choreoathetosis have been reported to be associated
with cryptococcosis [cryptococcal granuloma located in the
subthalamic nucleus (47) or cryptococcal meningitis (48, 49)],
or cerebral histoplasmosis (50) in HIV infected patients. Cases
of hemidystonia or chorea were described in association with
cysticercosis cysts or calcifications in the thalamus or putamen.
Cysticercosis lesions are more often located in the cortex, where
they may be responsible for postural and kinetic tremor of
the upper limb, associated with epilepsy in 1/3 of cases (51).
Of note, cortical lesions of cysticercosis can result in epilepsia
partialis continuum, which can be misidentified as a hyperkinetic
movement disorder. Anthelmintic therapy often results in full
recovery of patients with movement disorders secondary to
cysticercosis (52).

Hyperkinetic Movement Disorders Due to

Bacterial Infections

Whipple’s Disease

Whipple’s disease is a rare infectious disease (with an incidence
of <1 per 1,000,000a year) due to the bacterium Tropheryma
whipplei, with CNS involvement in roughly a third of cases.
Movement disorders are a common feature of Whipple’s disease
(WD), accounting for half of the cases with neurological
symptoms (53). Other common neurological manifestations
include cognitive alterations and vertical supranuclear gaze
palsy. Most patients with neurological involvement also have
systemic involvement (classically gastro-intestinal symptoms,
arthralgia, and weight loss), but 5% of cases present with
isolated neurological signs (53, 54). The most well-known,
and virtually pathognomonic, movement disorders in WD are
oculomasticatory myorhythmia (OMM) and oculofacioskeletal
myorhythmia (OFSM). They are characterized by pendular
oscillations of the eyes and concurrent masticatory or
facioskeletal rhythmic and slow (1-4Hz) contractions (55).
However, OMM and OSFM are relatively rare in WD, occurring
in <20% of cases with neurological involvement (53). Myoclonus
and myorhythmia, as a whole, are the most common movement
disorder in WD, followed by ataxia and Parkinsonism. Other
movement disorders such as tremor, dystonia, and chorea are,
however, rarely described (53).

Timely diagnosis and antibiotic treatment are crucial in
this otherwise fatal disease. Diagnosis is based on PCR in
various tissues and periodic acid-Schiff (PAS) positivity on small
bowel biopsy. Optimal treatment type and duration are still
debated, but most recent publications argue for a combination of
doxycycline and hydroxychloroquine for 12 months rather than
the historically favored sulfamethoxazole/trimethoprim regimen
(53, 54, 56). Due to a high risk of relapse, some authors also
suggest lifelong doxycycline treatment (56).

Neurosyphilis

Hyperkinetic movement disorders can be observed during late
stage neurosyphilis, mainly due to lesions of the basal ganglia,
midbrain, or cerebellum (57). Movement disorders result from
ischemic lesions during the meningovascular phase, and from
direct invasion and local inflammation during the parenchymal
phase (57). They include chorea, myoclonus with cerebellar
ataxia, orofacial and/or laryngeal dystonia (58-60). The diagnosis
is based on the positivity of antigenic tests in the serum and/or
the CSF (61). Early diagnosis and treatment are critical, as
neurosyphilis can be a completely curable condition (61).

Others

Movement disorders may occur during tuberculous meningitis
resulting from brain lesions with a frequency ranging from
0.5 to 18.6% (62). They can manifest as dystonia, chorea,
ballism, myoclonus, or tremor (postural, kinetic, rarely at rest).
Possible mechanisms comprise deep infarcts, hematoma, cerebral
vasculitis, deep tuberculomas, arachnoiditis, hydrocephalus, or
brain edema (63).

Tetanus, caused by toxins produced by the bacterium
Clostridium tetani, is characterized by muscle spasms and
autonomic nervous system dysfunction (64). Tetanus spasms
can be induced by auditory, tactile, or visual stimuli. They are
either generalized or localized to a limb or the head and neck.
Trismus and dysphagia, pharyngeal and laryngeal spasms are
typical early features of tetanus. In generalized tetanus, muscle
stifiness and painful spasms predominating on the extensors
can cause characteristic opisthotonus. Tetanus is a vaccine-
preventable disease that still commonly occurs in many low-
income countries. Although it is less frequent in high-income
countries, 499 tetanus cases were reported in Japan between 2010
and 2016 (65), likely due to low immunity in old individuals.
Mortality rate is almost 100% if left untreated. Acute treatment
of tetanus is based on antibiotic eradication of Clostridium tetani,
antitoxin, vaccination, and symptomatic treatment of rigidity and
spasms (66).

Parainfectious Hyperkinetic Syndromes

Chorea or ballism can occur after herpes simplex encephalitis
(HSE) in about 25% of the patients (particularly in young
children), usually 2-8 weeks after the initial HSE manifestations,
with no specific imaging features (67-69). These patients have
an HSV meningoencephalitis-induced autoimmune encephalitis,
often with anti-NMDA antibodies. The pathogenic role of the
anti-NMDA antibodies found in these patients and of other
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neuronal surface antibodies remains to be determined (67-
69). The possible role of the resumption of viral replication
(observed in some of these patients), although less likely, is
still debated. Immune-active treatment is recommended in these
patients (67-69).

Sydenham chorea is a hyperkinetic parainfectious syndrome
associated with the group A beta-hemolytic streptococcus (GAS)
infection. Involuntary movements generally involve the face and
extremities. Hemichorea is observed in about 20% of cases.
In “chorea paralytica,” hypotonia is severe and generalized,
with absent or rare hyperkinetic movements (70). Psychiatric
symptoms are frequent in Sydenham chorea and include
emotional instability, irritability, anxiety, and behavioral changes.
It is hypothesized that infection-triggered immune dysregulation
may lead to antineuronal antibodies directed against specific
targets in the brain (including neuronal lysoganglioside GM1, D1
and D2 dopamine receptors, and calcium calmodulin-dependent
protein kinase II), eventually resulting in chorea and other
neuropsychiatric symptoms (71). The diagnosis of Sydenham
chorea is based on history and clinical findings supported by the
detection of GAS by throat swab and/or the increase of either
antistreptolysin-O (ASO) or anti-DNase B antibodies titers (72).
Acute treatment is based on antimicrobial therapy active against
acute GAS infection (72). In most cases, an improvement of
symptoms is obtained within days or weeks (70, 73). Involuntary
movements or behavioral disorders sometimes require additional
symptomatic treatments. Long-term streptococcal prophylaxis
is indicated in Sydenham chorea with multiple GAS-associated
exacerbations (70, 74). Immune-active treatment options such as
steroids, plasmapheresis, or intravenous immunoglobulins may
be required in severe or refractory cases (70, 75).

PANDAS  (Pediatric =~ Autoimmune  Neuropsychiatric
Disorders Associated with Streptococcal infections) is a
controversial disorder, mainly observed in males (74% of
cases) and defined by the unusually abrupt onset of obsessive-
compulsive symptoms and/or tics, which can be associated with
additional psychiatric manifestations (73, 76). In the majority
of cases, the first tics are motor and ocular (73). Basically, the
pathophysiology, biological diagnosis markers, and treatment
of PANDAS are similar to those of Sydenham chorea. One
important issue is the frequency of positive throat cultures in
the general population of children in the age group of interest
that can confound the diagnosis of PANDAS. Other infectious
agents than streptococcus might be involved in PANDAS (77). In
particular, mycoplasma pneumonia and Varicelle-Zona virus can
be considered as potential triggering factors for PANDAS, when
GAS detection is negative (73).

Opsoclonus-myoclonus-ataxia syndrome is an immune-
mediated movement disorder characterized by a variable
association of opsoclonus, myoclonus, ataxia, behavioral, and
sleep disturbances. It is mostly parainfectious or paraneoplastic
(78, 79). Opsoclonus-myoclonus-ataxia syndrome (OMAS) has
been reported in association with various infections including
HIV, hepatitis C, Cytomegalovirus, human herpesvirus 6,
adenovirus, enterovirus, rotavirus, influenza virus, dengue
virus, West Nile virus, Mycoplasma pneumoniae, leptospirosis,
psittacosis, Salmonella enterica, neuroborreliosis, and Rickettsia

conorii (78, 80, 81). More recently it has also been associated
with COVID-19 (82). HIV-related OMAS has been observed in
recent infection with HIV, immune reconstitution, when another
infection is associated (83), or in patients with CSF virus escape
(84). In addition to the antimicrobial therapy (when appropriate),
OMAS should be treated per se with corticosteroids and/or IVIG
alone or a combination thereof (85).

ACUTE METABOLIC DISORDERS

Movement disorders may be observed in systemic metabolic
disorders, as the presenting feature, later on within the
disease course, or as a consequence of a corrective treatment.
Other neurological manifestations may help the clinician
to make the diagnosis, such as impaired consciousness,
headaches, and seizures. A metabolic origin can also be
suspected when movement disorders appear in emergency
settings or in intensive care units. Treatment of the movement
disorders in these cases mostly relies on the correction of
the underlying metabolic disorder. This section will describe
the main causes of treatable metabolic abnormalities inducing
hyperkinetic movement disorders, which are outlined based on
phenomenology in Table 3.

Liver Disease

Positive or negative myoclonus (asterixis) of acute or subacute
onset is frequently found in hepatic encephalopathy (86). Their
course parallels the evolution of the confusional state.

Other than parkinsonism, intentional and postural tremor
is the most frequent movement disorder observed in chronic
acquired hepatocerebral degeneration (CAHD). Two types of
CAHD are described: a familial Wilsonian form and a non-
familial form, which can be caused by several diseases. They
comprise alcoholic cirrhosis, primary or secondary biliary
cirrhosis, chronic hepatitis, portal-systemic anastomotic shunt,
and hemochromatosis (87). MRI abnormalities consist in T1
hyperintensities mostly located in the internal pallidum, but also
in the putamen. They are reversible after treatment of the hepatic
disease. Pathogenic mechanisms may comprise: an accumulation
of toxic substances such as manganese or ammonia, altered
neurotransmission, neuroinflammation, and increased oxidative
and nitrosative stress (88). Chorea may also be a manifestation
of CAHD, typically with prominent orofacial, buccal, and
lingual involvement, but may also be generalized. Choreic
movements mostly appear to be independent from the hepatic
encephalopathy episodes. Hepatic transplantation is, therefore,
the only effective treatment in most cases, but ammonia-reducing
therapy such as lactulose may improve movement disorders in
some patients (89).

Renal Disease

Patients with uremic encephalopathy may present with stimulus-
sensitive myoclonus, asterixis, or both (86), which improve after
dialysis or renal transplantation. Dialysis encephalopathy can
also lead to myoclonus, along with dysarthria and seizures,
caused by aluminum toxicity or rapid uremia reduction.
Treatment is based on slow correction of uremia and avoidance
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TABLE 3 | Main treatable metabolic hyperkinetic movement disorders.

Hyperkinetic Metabolic disorders Diagnosis
movement work-up
disorder Common Uncommon
Tremor Hyperthyroidism Hypomagnesemia TSH
Chronic liver failure Hypercalcemia Hepatic check
Chronic renal failure Vitamin B12 Renal check
deficiency Magnesium,
Calcium levels
Vitamin B12,
homocysteinemia
Brain MRI
Chorea Hyperglycemia Polycythemia Glycemia
Hepatic failure Hemoglobin level
Hypernatremia Hepatic check
Hyperthyroidism Sodium,
Hypocalcemia Magnesium,
Hypomagnesemia Calcium levels
Vitamin B12 Vitamin B12,
deficiency homocysteinemia
TSH
Brain MRI
Myoclonus Chronic liver failure Severe Hepatic check
(positive and Chronic renal failure hypophosphatemia Renal check
negative) Hypernatremia Hypomagnesemia  Sodium, Calcium,
Hypercalcemia Metabolic alkalosis Phosphorus,
Vitamin B12 Magnesium levels
deficiency Vitamin B12,
homocysteinemia
Blood gas
Paroxysmal Hypocalcemia Calcium,
disorders Hypoglycemia Phosphorus levels,
Dysthyroidism parathyroid hormone
Glycemia
TSH

of aluminum-containing dialytic fluids. Transient osmotic
imbalance during dialysis can be associated with T2 hyperintense
lesions of the basal ganglia (90). Various drugs may also
induce myoclonus in the context of renal insufficiency. They
include acyclovir, ciprofloxacine, dobutamine, cephalosporins,
and gabapentin.

Blood Sugar and Electrolyte Disturbances

Diabetic striatopathy is defined as a hyperglycemic condition
associated with either one or both of: (1) chorea/ballism; (2)
striatal hyperdensity on CT or hyperintensity on T1-weighted
MRI of the basal ganglia (30). Hemichorea or hemiballism
typically develops following severe non-ketotic hyperglycaemia
in the context of long-standing poor control of type 2 diabetes
mellitus (exceptionally type 1). Ketosis is not associated in
most cases (91). It is more common in females. Most patients
have hemichorea, but bilateral involvement is found in 10% of
patients. Although choreic movements often dissipate within
hours of hyperglycaemia correction, hemiballism may persist
for over 3 months in 20% of patients. Delayed onset after
achieving normoglycaemia, persistent severe movements or late
recurrences are rarely observed. There may be T1-weighted MRI
hyperintensities or hyperdensity on CT in the contralateral basal

ganglia (putamen > caudate nucleus > globus pallidus) (91).
Diabetic striatopathy (DS) differs from hypertensive hemorrhage
by the absence of mass effect and the sparing of the internal
capsule. Management involves treating the underlying cause,
while protecting the limbs from injury. If severe or prolonged,
symptoms can be alleviated by antipsychotics, dopamine-
depleting agents, gamma aminobutyric acid (GABA)-receptor
agonists, and selective serotonin reuptake inhibitors. Deep-
brain stimulation of the globus pallidus or thalamus may be
considered in refractory cases (92, 93). There are some evidence
of hemorrhage as a possible pathogenic factor (91).

Hypoglycemia (mainly due to an insulinoma) and
hypocalcemia are among the main causes of paroxysmal
hyperkinetic movements due to systemic metabolic disorders.
Diagnosis of paroxysmal disorders due to an insulinoma can
be difficult, often resulting in a diagnosis delay (94, 95). The
characteristics of the paroxysmal episodes are the following:
(i) episodes can occur after prolonged exercise or during the
second part of the night or early morning, (ii) paroxysmal
symptoms increase and decrease gradually within an episode,
(iii) mixed hyperkinetic movement disorders that include
dyskinesia, dystonia, tremor, and myoclonus can vary from one
day to another, and may last minutes to hours, (iv) movement
disorders are often combined with behavioral disturbances,
(v) drowsiness/dreaminess and dysautonomic manifestations
can also be present. It is noteworthy that neuroglycopenic
paroxysmal movement disorders may occasionally combine
genuine abnormal involuntary movements and awkward
(voluntary) movements reflecting behavioral disturbances.
Glycemia is usually very low (0.2-0.4 g/L) during the episodes.
Treatment mostly consists in the resection of the insulinoma,
resulting in complete resolution of the paroxysmal episodes.

Hypocalcemia-related paroxysmal hyperkinetic movements
often have a kinesigenic trigger and are typically characterized
by asymmetric or unilateral dystonia, with involvement of the
face (96, 97), or carpopedal spasms that can be mistaken for
paroxysmal dystonia (98). Symptoms of hypocalcemia are highly
sensitive to vitamin D and calcium replacement therapy.

Several neurologic abnormalities have been reported with
hypomagnesemia or hypercalcemia, including tremor (99-
101). In hypomagnesemia, tremor results from neuromuscular
hyperexcitability, and may occasionally be associated with
other disorders comprising opsoclonus, ataxia, chorea, and
downbeat nystagmus (102). Chorea may also rarely be seen in
hypernatremia and hypocalcemia (101).

Polycythemia

Generalized chorea, hemichorea, or selective orofaciolingual
chorea can be associated with primary or secondary
polycythemia (103), either as an initial manifestation or as
a sign of worsening. It is important to look for a JAK2 mutation.
Of note, chorea may occur in the absence of polycythemia in
this disorder (104). The pathogenesis of chorea associated with
polycythemia remains elusive, possibly involving dysregulation
of neurotransmitter release, receptor sensitivity, and cellular
metabolism. Chorea is often responsive to neuroleptics
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or dopamine depletors, along with serial phlebotomy and
chemotherapy to treat the underlying disease process (105).

Others

Postural and action tremor of the upper limbs can be observed
in hyperthyroidism, isolated or associated with systemic features,
such as tachycardia, diarrhea, and sweating. Of note, the
presence of hyperthyroidism in Parkinson’s disease usually
precludes tremor control until it is identified and treated (106).
More generally, hyperthyroidism can result in a wide range
of movement disorders including chorea, ballism, athethosis,
myoclonus, and dystonia, possibly because thyroid hormones
interfere with dopaminergic pathways (107, 108). Chorea
induced by thyroid hormones replacement has also been
occasionally described (109). Treatment relies on the correction
of the hyperthyroidism. Beta-blockers can also be used while
waiting for the restoration of a normal thyroid function. In
addition, both hypo- and hyperthyroidism can rarely manifest as
paroxysmal dyskinesia that resolve with treatment of the thyroid
disorder (110, 111).

Vitamin B12 deficiency is a rare cause of chorea, isolated
or associated with more common manifestations of this
disorder, such as combined degeneration of the spinal cord
(112-114). Tremor and myoclonus have also been reported.
Laboratory results show low Vitamin B12 levels and elevated
homocysteinemia. Treatment involves oral or parenteral Vitamin
B12 supplementation, depending on the underlying cause.

DRUG-INDUCED HYPERKINETIC
MOVEMENT DISORDERS

Drug-induced movement disorders represent about 20% of
all movement disorders in adults over 50 (115), potentially
avoidable or treatable, and about 3% of acute hyperkinetic
movement disorders in children (116). Temporal and/or dose-
response relationships between drug introduction and movement
occurrence are highly suggestive of drug-induced movement
disorders, in the absence of another known cause. This section
will describe the main drugs responsible for various abnormal
movements. The list of drug-induced phenomenology is outlined
for the reader in Table 4.

Neuroleptics, Dopamine Receptor
Blocking Agents

A wide span of movement disorders can be induced by dopamine
receptor blocking agents including antiemetics, calcium-channel
blockers with additional D2 receptor blocking effects, and
antipsychotics (117), with a prevalence that can vary depending
on the type of drug, generation of antipsychotic, or duration of
treatment (117, 118).

These movements can occur with various timings after the
introduction of the drug. Tardive syndromes are characterized
by repetitive rhythmic abnormal involuntary movements, caused
by long-term exposure to dopamine receptor blockers. Drug-
induced dystonia/dyskinesia represent around 4% of movement
disorders in patients above the age of 50, raising to 6% of

movement disorders in the elderly around 85 years old (115, 119).
Children can also present with tardive syndromes induced by
dopamine blocking agents, even though the prevalence is not
easy to evaluate (120-122). Acute and subacute akathisia after
introduction of a drug, and akathisia after withdrawal of a drug
occur mostly with dopamine receptor blocking agents including
antiemetics, calcium-channel blockers and antipsychotics, with
a prevalence of 20-50% (117, 118). A recent meta-analysis
estimated an incidence rate of akathisia of 7.7% with the newest
approved antipsychotics, which could be underestimated due to
underreporting (123).

Several different subtypes of tardive syndromes exist, based
on the phenomenology: more frequently the classic tardive
dyskinesia, tardive dystonia, tardive stereotypies, and more rarely
tardive akathisia, tardive chorea, tardive myoclonus, tardive
tremor, tardive tics and tourettism, but also tardive pain (117,
124). The most frequent ones, typically occurring in elderly
women, are tardive dyskinesia, which typically comprise complex
orofacial dyskinesias and stereotypies, or choreic neck and trunk
movements. Tardive dystonia most typically occurs in young
men and includes retrocollis, opisthotonic posturing, extension
of the arms at the elbow, internal rotation at the shoulders
and flexion of the wrists, and can be focal, segmental, or
generalized (125-127). Tardive tourettism has been described
as an uncommon form of tardive syndrome induced by the
chronic use of dopamine blockers such as neuroleptics, not
always meeting the diagnostic criteria for classic Tourette
(124). Tics occur during treatment or following treatment
discontinuation (128, 129). First-generation neuroleptics seem to
favor vocal tics (in particular barking and coprolalia), compared
to second-generation neuroleptics (128). Tics can sometimes
be difficult to diagnose, and may be underreported as they are
often intermingled with other abnormal movements (such as
stereotypies) present in the original underlying neuropsychiatric
disorder treated with dopamine blockers. Conversely, other
drug-induced hyperkinetic movement disorders can also be
misdiagnosed as tics (130).

While tardive syndromes typically occur during treatment or
within 6 months of discontinuation with persistent symptoms
lasting for at least 1 month, “withdrawal-emergent syndrome”
lasts less than a month, then remits, and is more common in
children (122, 131).

Movements can also have a subacute onset and be chronic
reversible disorders: drug-induced Parkinsonism and acute or
subacute akathisia. Whereas acute akathisia improves when
removing the antipsychotics, tardive akathisia worsens during
and after withdrawal.

Movements can also have an acute onset and be reversible
disorders such as acute onset dystonia, which is seen mainly in
young men and children, or neuroleptic malignant syndrome,
which is of importance due to its potential severity.

Higher daily doses of neuroleptics, greater cumulative doses
of neuroleptics, and greater severity of negative schizophrenic
symptoms are predictive of severe tardive dyskinesia (132-134).
There is a cumulative incidence of 60% of tardive dyskinesia
and 23% of severe ones after 3 years of treatment. Prevalence
of tardive movements seems lower with atypical (20%) than
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TABLE 4 | Drug-induced hyperkinetic movement disorders.

Drug-induced movement
disorders

Drugs involved

Comments

Non-parkinsonian tremors

- Lithium, thyroid hormone replacement, amiodarone, beta adrenergic
agonists, antiepileptics (valproate, carbamazepine, phenytoin), SSRI and

- Discontinuation of drug if possible
- Propranolol otherwise

imipraminic antidepressants, typical antipsychotics and antiemetics,
immunosuppressants (cyclosporine, tacrolimus), anti-neoplastic agents -
Withdrawal syndromes to benzodiazepines, ethanol, opiates

- Focal or generalized; reversible

- Generalized and hemichorea

- Specific attention if diabetics

- Neuroleptic discontinuation or switch to
clozapine/(deu) tetrabenazine/botulinum toxin/
GPi-DBS

- Adapt levodopa dosage &/or add amantadine

Akathisia - Mainly antipsychotics, antiemetics, calcium-channel blockers and
antidepressants (SSRIs > SNRIs)
- Also benzodiazepines, carbamazepine, tetrabenazine, levodopa, lithium
and sumatriptan
Myoclonus - Opiates, antidepressants, anticonvulsants, antipsychotics and antibiotics
Chorea - Antipsychotics and levodopa (peak-dose)
- Anticonvulsants, anticholinergics, antihistaminic, antidepressants, lithium
Dystonia/dyskinesia - Dopamine blocking agents (antipsychotics, antiemetics)
- SSRils (if previous use of antipsychotics)
- Levodopa
Tics - Dopamine blocking agents (antipsychotics, antiemetics)

- Methylphenidate, anticonvulsants, antidepressants

Drug-induced movement disorder
emergencies (neuroleptic malignant
syndrome, serotoninergic
syndrome)

- Antipsychotics

buspirone, lithium)
Focus on specific drugs inducing movement disorders

Drugs Movement disorders
Antipsychotics
tics and tourettism, but also tardive pain)
Acute or subacute akathisia, dystonia
Neuroleptic malignant syndrome.
Antidepressants
syndrome
Lithium

syndrome, and serotonin syndrome

Dopamine replacement therapy
Anticonvulsants
Psychostimulants

Tardive syndromes (tardive dyskinesia, tardive dystonia, tardive stereotypies,
tardive akathisia, tardive chorea, tardive myoclonus, tardive tremor, tardive

Non-parkinsonian tremor, akathisia, chorea, myoclonus, cerebellar

Motor fluctuations and dyskinesia (peak dose and biphasic)

and limb dyskinesia and dystonia, akathisia

- Vigilance in dehydrated or high dose of
treatment or polypharmacy
- Severity range from mild to severe

- Serotoninergic agents [antidepressants (SSRIs < SNRIs)]
MAOIs (antidepressants, Parkinson’s treatment, and antibiotics), triptans,

Comments

- More frequent if 1t generation

- Antipsychotic discontinuation, switch to
clozapine =+ (deu)tetrabenazine + botulinum
toxin if focal + Gpi-DBS if refractory

Tremor, akathisia, myoclonus, chorea, tardive dyskinesia, tics, serotonin

- Low therapeutical index, plasma levels to be
monitored
- Frequent drug-drug interaction

- Very frequent, context of PD

Non-parkinsonian tremors, akathisia, myoclonus, tics, chorea
Tics, stereotypies, tremor, myoclonus, chorea (“crack dancing”), orofacial

DBS, deep brain stimulation; GPi, Globus pallidus interna; MAOIs, Monoamine Oxidase Inhibitors; PD, Parkinson’s Disease; SNRIs, Serotonin and Norepinephrine Reuptake Inhibitors;

SSRIs, Selective Serotonin Reuptake Inhibitors.

first generation (30%) antipsychotics, and the annual incidence
is 6.5% with first generation vs. 2.6% with second generation
neuroleptics (117, 127, 133, 135). Annual incidence rate of
akathisia depends on the subtype of antipsychotic: 4% with
quetiapine or olanzapine, 20% with other second-generation
antipsychotics, and up to 50% with haloperidol.

The course of tardive syndrome is highly variable, from
transient dyskinesia during the withdrawal period to irreversible
dyskinesia despite withdrawal of the offending drug. When
possible, discontinuation of the antipsychotic will help in
some patients, knowing that a transient worsening can be
observed at the time of discontinuation and that guidelines were
proposed to avoid as much as possible such a phenomenon

(122, 136-138). Of note, remission can occur as late as a
few years after discontinuation of the causing drug (139).
Switching to a drug with a lower affinity to D2 receptors,
such as clozapine, is recommended in case pursuing neuroleptic
treatment is mandatory (140). Antipsychotic reduction or
switching are likely to have a positive clinical effect on
reduction or reversibility of tardive dyskinesia, although not
always statistically confirmed by some studies (141-144). Neither
prophylaxis with anticholinergics nor symptomatic treatment
with GABA agonists are recommended due to lack of evidence
supporting their use (143, 145, 146). Treatments that can be
added are dopamine depleting agents, VMAT?2 inhibitors such as
(deu) tetrabenazine or valbenazine in case of tardive syndromes,
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botulinum toxin for focal dystonia, and Gpi-DBS can be
discussed in case of refractory disabling tardive dyskinesia (143,
147, 148). A seminal prospective study demonstrated a sustained
50% improvement in patients who had underwent GPi-DBS for
tardive dystonia and dyskinesia (147). Similar or even better
results were reported in a meta-analysis (149). DBS should, thus,
always be considered in severe refractory tardive syndromes.
The guidelines for the treatment of tardive syndromes are
further detailed elsewhere (117, 127, 131, 145, 150). Treatment
of tardive tics and tourettism include comprehensive behavioral
intervention therapies, VMAT2 inhibitors such as tetrabenazine,
topiramate and alpha agonists, botulinum toxin for focal
disabling tics, and DBS for refractory cases (151, 152).

In case of hyperthermia or sudden onset increase of
rigidity, neuroleptic malignant syndrome should be sought
for, as it is a drug-induced life-threatening emergency. The
general presentation usually comprises acute onset hyperthermia,
rigidity, tremor, autonomic dysfunction, and mental status
change. Early recognition of the appearance of these signs is
important, to discontinue the treatments involved as early as
possible and improve prognosis.

Antidepressants
Antidepressants [Selective serotonin reuptake inhibitors
(SSRIs) and imipraminic antidepressants] can cause tremor,
akathisia, myoclonus, chorea, dyskinesia, tics, and obviously
serotoninergic syndrome.

Dyskinesia under SSRIs mostly occur in case of previous
neuroleptic use, and can resolve after SSRIs discontinuation
(153-155). These dyskinesia triggered by antidepressants would
be more frequent in diabetic patients and women, and if
associated to anticholinergic treatments, but may be rare in
patients never previously exposed to antipsychotic drugs (153,
156). Akathisia can be caused by all subclasses of antidepressants,
with a prevalence of 5/1,000, maybe in particular fluoxetine.
They are the main causative agents after dopamine blockers (116,
119). Antidepressant-induced myoclonus is usually reversible
following withdrawal of the causing drug. Chorea can be
antidepressant-induced even in a case of hemichorea without an
underlying structural lesion. Antidepressants such as mirtazapine
have also been reported as causative of tics (138).

Serotonin syndrome linked to serotoninergic agents among
which SSRI but not only (157) is a life-threatening movement
disorder emergency complication with a mortality rate ranging
from 5 to 15%. Dehydration and high dosage of the medication
involved are important predisposing factors. It presents with
an acute onset of an association of hyperthermia, rigidity,
myoclonus, autonomic dysfunction, and mental status change.
Early recognition of its appearance is important to discontinue
the treatments involved as early as possible and improve
prognosis. It begins within hours to a day after initiating
or increasing a serotonin-elevating drug and mostly happens
when associating 2 or more drugs that increase serotonin,
making polypharmacy a high risk situation (158). The main
drugs involved are those with serotoninergic properties such
as most of the antidepressants [i.e., SSRI, mono amine oxidase
inhibitors (MAOI), imipraminic], but other causative drug

should not be overlooked such as tramadol, dextromethorphan,
antihistamines, triptans, buspirone, lithium, St John’s wort,
and their association. Neuropsychiatric symptoms range from
nervousness and insomnia to impaired consciousness and
hypomanic symptoms. Early neurological symptoms such as
ataxia, akathisia, and mydriasis may precede myoclonus,
ocular clonus, tremor, and hyperreflexia. Minor autonomic
symptoms are tachycardia, dyspnea, diarrhea, and blood
pressure dysregulation, whereas fever and diaphoresis are severe
symptoms. Jitteriness, increase in anxiety, and irritability for 1-
2 weeks after starting an antidepressant drug or increasing its
dose can commonly occur without predicting the occurrence of a
serotonin syndrome (159).

Lithium

Lithium has a low therapeutic index. Symptoms of intoxication
include delirium, fatigue, tremor, myoclonus, gait instability, and
sometimes seizures (160). Focusing on abnormal hyperkinetic
movements, Lithium intake can lead to non-parkinsonian
tremor, akathisia, chorea, myoclonus, cerebellar syndrome, and
serotonin syndrome. Tremor is a cause of lower observance and
may be more frequent in older patients, particularly in older men
and in case of intoxication, but not only (154, 161). Dehydration
or co-prescription with diuretics, carbamazepine (CBZ) or
tramadol are well-known circumstances leading to increasing
these neurological adverse events. CBZ can be prescribed in
the same patients already under Lithium, as it is also a mood
stabilizer. The co-prescription can not only increase the risk of
ataxia due to the sodium channel blocking properties of CBZ, but
also increase the risk of hyperkinetic movements, as for instance
myoclonus and dystonia, which are the most frequently reported
with CBZ and its derivative oxcarbazepine (162).

Anticonvulsants

Antiepileptics can cause non-parkinsonian tremor, notably
sodium valproate, particularly in older women, but other
antiepileptic drugs such as carbamazepine and phenytoin may
as well. A predisposition to non-parkinsonian tremor induced
by valproate, can be looked for with a personal and family
history of tremor (e.g., Essential Tremor). Discontinuation or
decrease of the causing drug can relieve the symptoms, but
adding propranolol can be considered in case the drug needs to
be maintained.

Carbamazepine can, also, occasionally be a cause of
akathisia. Antiepileptics such as Lamotrigine, Carbamazepine,
and Oxcarbazine have been reported to cause tics (129, 162-165).

Tatrogenic chorea can be caused by anticonvulsants, among
which in particular phenytoin, gabapentin, carbamazepine,
and valproate. Drug-induced chorea can present as
generalized chorea, or hemichorea, even in the absence of
an underlying structural lesion which could be suggested by the
hemicorporeal location.

Anticonvulsants can also cause myoclonus. Almost all classes
of drugs have been linked to myoclonus, from a focal to a
generalized distribution, with or without being associated to
encephalopathy (166).
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Dopamine Replacement Therapy

Dopamine replacement therapy can be associated with motor
fluctuations and dyskinesia (peak dose and biphasic). In this
context, a variety of movements can be observed from dystonia
to akathisia, tremor, ballismus, and chorea, depending on the
time of dosing. Levodopa-induced dystonia/dyskinesia are very
frequent as they affect 90% of Parkinsonian patients after 9
years of treatment (131). They can also occur, even though less
frequently, under treatment by dopamine agonists. Dopamine
agonists can also occasionally lead to self-injurious behaviors,
which can be quite disabling (132).

Psychostimulants and Drugs of Abuse

Of note, several drugs of abuse and psychostimulants, such as
cocaine, methylphenidate, amphetamine and metamphetamine,
MDMA (Ecstasy), mephedrone, cathinone, and methcathinone,
can cause hyperkinetic movements. These include mainly tics
and stereotypies, tremor, myoclonus, chorea, orofacial and limb
dyskinesia, and dystonia. Drugs of abuse such as cocaine can
also occasionally cause akathisia and more frequently induce
chorea-athetoid movements known as “crack dancing” (167-
169), and also either induce or worsen underlying tics. Given
the frequency of tics in the general population, a careful history
of previous tics (as well as Obsessive Compulsive Disorder,
Attention Deficit Hyperactive Disorder) and a family history
should be sought as these may predispose to the development of
tics with various drugs. Tics have been reported to be associated
with psychostimulant use, in particular methylphenidate, which
blocks the dopamine transporter (DAT), inhibiting the reuptake
of dopamine and increasing dopamine in the synaptic cleft (129,
163, 170).

The pathophysiological common underlying mechanism is
the effect of those psychostimulant drugs on the monoaminergic
systems  (dopamine, Norepinephrine, serotonin). The
cornerstone of treatment is the cessation of drug intake.

In case of tremor in the context of chronic intoxication,
benzodiazepines, ethanol, and opiates withdrawal syndromes
should also be kept in mind. Opiates are also a main cause of
iatrogenic myoclonus.

The reader can read further details elsewhere (170).

GENETIC DISEASES

Genetic diseases are rare causes of treatable hyperkinetic
movement disorders (summarized in Table5). Onset in
childhood or adolescence, presence of a family history and
a chronic course of the disease are clues to a genetic cause,
although adult onset, sporadic cases and acute presentations may
be seen. Disorders that may be considerably improved by deep
brain stimulation, such as dystonia due to TORIA, KMT2B, or
SGCE mutations, have not been included in this review.

Paroxysmal Movement Disorders

Paroxysmal Kinesigenic Dyskinesia

Paroxysmal kinesigenic dyskinesia is an autosomal-dominant
disorder caused in most cases by a mutation in the PRRT2 gene,
coding for a synaptic protein (171, 172). Prevalence is estimated

to be of 1 in 150,000. It is characterized by attacks of dystonia
and/or chorea triggered by sudden voluntary movement that
last less than a minute but may happen up to 100 times a
day. Onset is usually in childhood or adolescence, with usual
improvement in early adulthood, so that onset after the age of
20 years is a red flag for a secondary cause. Association with
benign infantile epilepsy in the patient and/or family members
is quite frequent. Early diagnosis is important, as treatment
with low doses of antiepileptic drugs, especially sodium channel
blockers (carbamazepine, lamotrigine, zonisamide) can suppress
or dramatically reduce attacks (173, 174).

Paroxysmal Exercise-Induced Dyskinesia

Paroxysmal exercise-induced dyskinesia is characterized by
attacks of dystonia and/or chorea triggered by prolonged
exercise, which last for several minutes (171). Mutations
in SLC2AI are the main causes of PED, detailed in the
next paragraph (GLUT1 deficiency). Other treatable causes
of PED include Dopa-responsive dystonia and Pyruvate
dehydrogenase deficiency (see next paragraph), as well as
Parkinson’s disease (175).

ADCY5-Related Dyskinesia

Heterozygous mutations in ADCY35, coding for adenylate cyclase
type 5, a protein involved in dopamine signaling in the striatum,
cause a rare childhood-onset mixed hyperkinetic movement
disorder. The presence of axial hypotonia, orofacial myoclonus,
and various types of paroxysmal movement disorders (in
particular nocturnal episodes) as well as marked fluctuations of
the motor state are strong clues to the diagnosis (176). Treatment
with caffeine can induce dramatic improvement of paroxysmal
episodes, and should therefore be tried in all patients (177, 178).

Neurometabolic Diseases

Most genetic disorders presenting with hyperkinetic movement
disorders in childhood or adulthood are neurometabolic diseases
(NMD), which are characterized by enzymatic deficiencies or
defects in proteins involved in cellular metabolism. Movement
disorders are a frequent, and sometimes the only presenting
manifestation of NMD and may be present throughout the
course of the disease. In addition, a given NMD can cause a
variety of movement disorders, while a given movement disorder
can occur in a variety of NMD. Complex movement disorders,
marked orofacial involvement, associated symptoms, and brain
MRI abnormalities should evoke the possibility of an underlying
neurometabolic disorder. The phenomenology of movement
disorders in NMD is partly age dependent: young patients tend to
have an axial hypotonia/hyperkinetic limb pattern, whereas fixed
dystonia and Parkinsonism predominate in older patients (179).

GLUT1 Deficiency

GLUT1 deficiency is caused by mutations in SLC2AI, which
codes for a glucose transporter, resulting in a cerebral energy
deficit. The phenotypic spectrum is wide, ranging from severe
encephalopathy manifesting in infancy to isolated paroxysmal
exercise-induced dyskinesia occurring later in life (180, 181).
Manifestations can include intellectual deficiency, microcephaly,
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TABLE 5 | Genetic causes of treatable hyperkinetic movement disorders.

Cause

Movement disorders

Diagnostic clues

Laboratory findings

Treatment

Paroxysmal kinesigenic
dyskinesia
ADCY5-related dyskinesia

GLUT1 deficiency

Dopa-responsive dystonia

Pyruvate dehydrogenase
deficiency

Glutaric aciduria type 1

Cerebral folate transport
deficiency

Cerebrotendinous
xanthomatosis

Wilson’s disease

Niemann Pick disease type C

Ataxia with vitamin E
deficiency

Biotin-thiamin responsive
basal ganglia disease

Dystonia/parkinsonism,
hypermanganesemia,

Isolated paroxysmal
kinesigenic dyskinesia

Pleiotropic paroxysmal
dyskinesia, orofacial
myoclonus

paroxysmal exercise-induced
dyskinesia

Dystonia, paroxysmal
exercise-induced dyskinesia

Dystonia, paroxysmal
dystonia

Dystonia

Myoclonus, chorea

Myoclonic dystonia

Tremor, dystonia,
parkinsonism, chorea

Dystonia, chorea, myoclonus,

parkinsonism,

Dystonia, head tremor

Dystonia

Dystonia, parkinsonism

Nocturnal episodes,
hypotonia, fluctuations

Seizures, episodic ataxia,
intellectual deficiency,
worsening with fasting or
exercise

Motor fluctuations, sleep
benefit, oculogyric crises

Episodic ataxia
Bipallidal lesions on MRI

Acute encephalopathy
episodes

Developmental delay,
seizures, ataxia

Chronic diarrhea,

early cataract, ataxia
Striatum, thalamus,
brainstem, cerebellum T2
hyperintensities

Ataxia, supranuclear gaze
palsy
Ataxia

Episodes of encephalopathy,
ataxia

Caudate nuclei and putamen
T2 hyperintensities

Basal ganglia T1
hyperintensities

PRRT2 mutation

ADCY5 mutation (possibly
mosaic)

Low CSF glucose levels,
SLC2A1 mutation

Abnormal CSF
neurotransmitters,

GCH1, TH, SPR or PTPS
mutation

High lactate and pyruvate
levels,

PDHA1, PDHA2, PDHX or
DLAT mutations

Elevated glutaric acid in
plasma and/or urine,
GCDH mutations

Low 5-MTHF in the CSF,
FOLR1 mutations

High plasma cholestanol,
CYP27A1 mutations

Low serum ceruleoplasmin
and copper, high urinary
copper,

ATP7B mutations
Elevated serum oxysterols,
NPC1 or NPC2 mutations
Very low plasma vitamin E,
TTPA mutations

SLC19A3 mutations

Elevated blood manganese,
SLC30A170 mutations

Antiepileptics (Na channel
blockers)

Caffeine

Ketogenic diet
Triheptanoin

Levodopa

Thiamine
Ketogenic diet

Low-lysine diet, carnitine
supplementation

Folinic acid

Chenodoxycholic acid

Copper chelating agents

Zinc

Miglustat

High doses of Vitamin E

High doses of biotin and
thiamine

Manganese chelation therapy

polycythemia and chronic liver
disease

Na, sodium; CSF, cerebrospinal fluid.

dystonia, chorea, ataxia, spasticity, and paroxysmal episodes,
including seizures and paroxysmal dyskinesia. Worsening with
fasting or exercise is a good diagnostic clue. Diagnosis is based
on low cerebrospinal fluid (CSF) glucose levels in a patient
with clinical manifestations consistent with GLUT1 deficiency,
whereas low CSF lactate levels is a good supportive feature.
Genetic analysis can support the diagnosis (182). Standard
treatment consists of a ketogenic diet, with the goal of providing
alternative energy substrates to the brain. It is usually very
effective. Alternative treatments are however needed, as the
diet is hard to follow and is ineffective in rare patients.
Triheptanoin may be an option, having shown dramatic and
sustained improvement on paroxysmal dyskinesia in an open-
label trial (183-185).

Dopa-Responsive Dystonia

Dopa-responsive dystonia is mostly caused by heterozygous
mutations in the GTP-cyclohydroxylase-1 (GCHI) gene. It
can rarely be caused by autosomal recessive mutations in
the tyrosine hydroxylase (TH), sepiapterine reductase (SPR),
or pyruvoyl tetrahydropterin synthase (PTPS) genes (186).
GTP-cyclohydroxylase 1 catalyzes the first step in the synthesis
of tetrahydrobiopterin, which is essential for dopamine
synthesis. Dopa-responsive dystonia (DRD) usually manifests
as childhood-onset dystonia with motor fluctuations, but
atypical forms are not uncommon. They include adult onset
generalized dystonia, focal dystonia, paroxysmal exercise-
induced dyskinesia, task-specific dystonia, myoclonus dystonia,
isolated Parkinsonism, and spastic paraparesis (187). Postural
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tremor, axial hypotonia, and oculogyric crises can be observed,
the latter suggesting a cause other than a GCHI mutation
(188). Diagnosis is crucial, as there is a dramatic response
to treatment by low-dose levodopa. A levodopa trial and/or
a CSF neurotransmitters analysis or direct genetic testing if
easily available should therefore be proposed in all patients with
early-onset dystonia (<30 years of age) or paroxysmal exercise-
induced dyskinesia. Of note, another neurotransmitter disease,
aromatic L-amino acid decarboxylase (AADC) deficiency, which
causes developmental delay and movement disorders, may be
effectively treated by gene therapy (189).

Pyruvate Dehydrogenase Deficiency

Pyruvate dehydrogenase deficiency is caused by mutations in
genes coding for the mitochondrial pyruvate dehydrogenase
complex that has a crucial role in cellular metabolism
(PDHAI in most cases, more rarely PDHA2, PDHX, or
DLAT) (190-192). Most patients present with severe early-onset
encephalopathy, whereas others may present with prominent
movement disorders, mainly static and/or paroxysmal dystonia
or episodic ataxia. In rare cases, the phenotype may be as mild
as isolated PED (193). Investigations typically reveal high lactate
and pyruvate levels, a low lactate to pyruvate ratio in blood and
CSF and bipallidal lesions on brain MRI, but may be normal
in milder cases. Treatment with high doses of thiamine, a co-
factor of the pyruvate dehydrogenase complex, can be effective
in some patients, whereas others respond better to a ketogenic
diet (193, 194).

Glutaric Aciduria Type 1

Glutaric aciduria type 1 is an autosomal recessive disorder caused
by mutations in the GCDH gene leading to Glutaryl-coenzyme
A dehydrogenase deficiency (195, 196). Acute encephalopathy
episodes in early childhood are accompanied by irreversible
lesions of the basal ganglia, so that early and sudden onset of
movement disorders are common in this disorder (179). Younger
patients usually present with axial hypotonia and mobile dystonia
that give way to fixed generalized dystonia as they age. Diagnosis
is either made on routine newborn screening, now available
in many countries, or with plasma and urine organic acids
chromatography. Early diagnosis and treatment (with low-lysine
diet and carnitine supplementation) and intensified emergency
treatment during periods of intercurrent illnesses considerably
improve the prognosis (197).

Cerebral Folate Transport Deficiency

Primary cerebral folate deficiency is an autosomal recessive
disorder caused by mutations in FOLRI, a gene coding for
a folate receptor. The onset is usually in early childhood,
combining developmental delay, seizures, ataxia, myoclonus,
and chorea (196, 198). The brain MRI shows hypomyelination
and cerebellar atrophy. Diagnosis is suggested by very low
levels of 5-methyltetrahydrofolate in the CSF and confirmed by
molecular analysis. Early diagnosis and treatment with folinic
acid significantly improves symptoms, allowing for complete
recovery in some cases (198, 199).

Cerebrotendinous Xanthomatosis

Cerebrotendinous xanthomatosis is an autosomal recessive lipid
storage disease caused by mutations in CYP27A1I resulting in an
accumulation of cholestanol. Most symptoms start in childhood
or adolescence, but the disorder is usually diagnosed in adulthood
(200). Chronic diarrhea is often the first manifestation of the
disease in infancy, followed by bilateral cataract between 5 and
15 years of age. Tendon xanthomas, particularly of the Achilles
tendon, are good clues to the diagnosis, but may be absent. The
neurological manifestations of the disease occur later, usually
during adolescence or early adulthood. Among motor symptoms,
cerebellar and pyramidal features are the most frequent. In
addition, peripheral neuropathy is common in adults with
cerebrotendinous xanthomatosis (CTX). Cognitive impairment,
epilepsy and psychiatric disturbances can also be part of the
neurological manifestations. CTX-related movement disorders
comprise dystonia, myoclonus, tremor and Parkinsonism, and
may occasionally be the presenting symptoms (201). The
brain MRI typically shows T2-weighted hyperintensities of
the dentate nuclei. Diagnosis is suggested by high plasma
cholestanol levels and confirmed by molecular analysis. While
treatment with chenodeoxycholic acid can lower cholestanol
levels and prevent progression, the effect on existing symptoms
is variable (202). Measurement of plasma cholestanol should
thus be pursued in any child with infantile chronic diarrhea or
cataract, and in adolescents or young adults with unexplained
cerebellar ataxia, pyramidal signs, peripheral neuropathy and/or
hyperkinetic movements.

Wilson’s Disease
Wilson’s disease is an autosomal recessive disorder due
to mutations in ATP7B, coding for a copper-transporting
protein. Prevalence is estimated to be of 1 in 30,000. It can
present as liver disease, most commonly in children, or as a
neuropsychiatric disorder, more frequently in adults. Age of onset
ranges from 2 to 72 years (203). Wilson’s disease should be
suspected in patients presenting with tremor, dystonia, dysarthria
and/or akineto-rigid syndrome, with behavioral changes or
cognitive deterioration.

There are three main types of neurologic manifestations: (i)
a dystonic form, characterized by major orofacial involvement,
leading to risus sardonicus, swallowing difficulties and dysarthria;
(ii) a parkinsonian form, characterized mainly by akinesia
and rigidity; (iii) a tremoric form, with a progressive slow
and high amplitude limb-onset postural and action tremor
that may spread to the whole body. The various movement
disorders (tremor, dystonia, and Parkinsonism) can be combined,
and chorea is rarely present. Dystonic forms are mostly seen
in children and young adults, whereas the tremoric and
akineto-rigid forms are more common in older individuals.
The diagnosis is made on the combination of low serum
ceruloplasmin and copper concentrations, high urinary copper
levels, suggestive brain MRI abnormalities, and Kayser-Fleisher
rings (copper deposits in the periphery of the cornea) on
slit lamp examination. The brain MRI usually shows diffuse
and symmetrical T2-weighted hyperintensities in the striatum,
thalamus, brainstem, cerebellum, and possibly the white matter.

Frontiers in Neurology | www.frontiersin.org

14

December 2021 | Volume 12 | Article 659805


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Méneret et al.

Treatable Hyperkinetic Movement Disorders

The relative exchangeable copper (REC) level (exchangeable
copper/total serum copper) is the most sensitive and specific
diagnostic tool (204). Confirmation is made by molecular
analysis of the ATP7B gene. Treatment consists of a low copper
diet along with copper chelating agents such as D-penicillamine
and Trientine or Zinc, which interferes with the absorption of
copper. Symptoms may worsen at the treatment onset, with
improvement occurring only after 3-6 months of treatment.
Liver transplantation could be considered as a rescue option in
patients with severe neurological forms (albeit without severe
necrotic lesions) that are resistant to anticopper therapies (205).

Niemann Pick Disease Type C

Niemann Pick disease type C (NPC) is an autosomal recessive
lysosomal disorder due to mutations in NPCI or NPC2 that
code for intracellular cholesterol transporters. Onset can occur
at any age, but is more common before the age of 30. Movement
disorders are seen in 50-60% of the patients, manifesting mostly
as generalized dystonia, but sometimes involving Parkinsonian
signs, chorea, or myoclonus (206). Main diagnostic clues are
vertical supranuclear gaze palsy, cerebellar ataxia, behavioral
changes, cognitive deterioration, and enlarged liver or spleen
(207). Dysarthria and swallowing difficulties are frequent. The
brain MRI can show non-specific atrophy of the cortex,
cerebellum, and/or brainstem. Diagnosis is evoked by a positive
filipin test on skin fibroblasts or elevated serum levels of
oxysterols, and confirmed by molecular analysis. Treatment with
oral miglustat can stabilize key neurological manifestations of
NPC, emphasizing the need for early diagnosis (208).

Ataxia With Vitamin E Deficiency

Ataxia with Vitamin E deficiency is an autosomal recessive
disorder caused by mutations in TTPA, coding for the alpha-
tocopherol transfer protein. Age of onset varies from 2 to 37
years (209). Although ataxia with Vitamin E deficiency (AVED)
manifests mostly as a Friedreich-like ataxia, it can also present
as dystonia (210). Head tremor, in particular, is a frequent
manifestation of the disease. Diagnosis is suggested by very
low plasma vitamin E concentrations with a normal lipoprotein
profile and confirmed by molecular analysis. The treatment
consists of lifelong high doses (800-1,500 mg/day) oral vitamin
E supplementation. Plasma vitamin E should be monitored
regularly and maintained in the high normal range (209). Early
diagnosis and treatment are crucial, as some symptoms (ataxia
and intellectual deterioration) can be reversed. Evaluation of
relatives at risk is important, as vitamin E supplementation
in presymptomatic individuals can prevent manifestations of
the disease.

Biotin-Thiamine-Responsive Basal Ganglia Disease
and Other Treatable Mitochondrial Disorders
Biotin-thiamine-responsive basal ganglia disease is an autosomal
recessive disorder caused by mutations in the SLCI9A3 gene,
coding for a thiamine transporter. Onset is usually in childhood
or adolescence, but adult onsets have also been reported (211,
212). Tt is characterized by recurrent episodes of subacute
encephalopathy with confusion, seizures, ataxia, dystonia,

external ophtalmoplegia, and dysphagia. If left untreated,
patients develop permanent generalized dystonia. The brain MRI
shows characteristic bilateral T2-weighted hyperintensities in
the caudate nuclei and putamen, which can evolve to necrosis
in the later stages of the disease. Early diagnosis is crucial, as
administration of high doses of biotin (5-10 mg/kg/day) and
thiamine (300-900 mg/day) results in dramatic improvement
within days.

Thiamine pyrophosphokinase deficiency, caused by
biallelic TPKI1 mutations, is also characterized by episodes
of encephalopathy, ataxia, and dystonia (213). Treatment
involves high-dose thiamine supplementation, with variable
outcomes (214).

Coenzyme Q10 deficiency due to biallelic mutations in the
ADCK3 gene, also known as ARCA2 (autosomal recessive
cerebellar ataxia 2), may also present with movement disorders
(myclonus, dystonia, tremor) in addition to ataxia (215).
Ubiquinone supplementation therapy (10-15 mg/kg/day)
has been shown to improve movement disorders in some
patients (216).

Dystonia/Parkinsonism, Hypermanganesemia,
Polycythemia and Chronic Liver Disease

The disorder of dystonia/Parkinsonism, hypermanganesemia,
polycythemia, and chronic liver disease is an autosomal recessive
disorder caused by mutations in SLC30AI0, coding for a
manganese transporter (217). The onset can be in childhood,
manifesting mainly as generalized dystonia, or in adulthood,
typically manifesting as dopa-resistant Parkinsonism. The brain
MRI shows bilateral and symmetric T1-weighted hyperintensities
of the globus pallidus, putamen, caudate, and dentate nuclei.
Laboratory findings usually include elevated blood manganese
concentrations, polycythemia, and elevated transaminases.
However, chronic liver disease or hypermanganesemia may be
absent early on (218). Diagnosis is confirmed by molecular
analysis. Chelation therapy with intravenous disodium
calcium edetate and iron supplementation can normalize
manganese levels, improve neurologic symptoms and stop liver
disease. Of note, mutations of SLC39A14 are another cause
of dystonia/Parkinsonism and hypermanganesemia, without
polycythemia and liver disease. Treatment also involves chelation
therapy (219).

FUNCTIONAL HYPERKINETIC MOVEMENT
DISORDERS

Functional movement disorders account for 2-4% of all
movement disorders and may majorly improve or even disappear
with rapid and adequate management. More details on this
frequent and treatable condition can be found elsewhere
(220, 221).

AUTHOR CONTRIBUTIONS

AM and ER designed the article. AM, BG, SE, AL, L-LM, and
ER drafted and revised the paper. All authors contributed to the
article and approved the submitted version.

Frontiers in Neurology | www.frontiersin.org

15

December 2021 | Volume 12 | Article 659805


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Méneret et al.

Treatable Hyperkinetic Movement Disorders

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Baizabal-Carvallo JE Jankovic J.

. Engelen M, Tijssen MA]J.

. Fleetwood T, Cantello R, Comi C. Antiphospholipid syndrome and the

neurologist: from pathogenesis to therapy. Front Neurol. (2018) 9:1001.
doi: 10.3389/fneur.2018.01001

. Baizabal-Carvallo JF Bonnet C, Jankovic J. Movement disorders in

systemic lupus erythematosus and the antiphospholipid syndrome.
J Neural (2013)  120:1579-89. doi: 10.1007/s00702-013-1
023-z

Transm.

Autoimmune and paraneoplastic
movement disorders: an update. J Neurol Sci. (2018) 385:175-84.

doi: 10.1016/j.jns.2017.12.035

. Sayar Z, Moll R, Isenberg D, Cohen H. Thrombotic antiphospholipid

syndrome: a practical guide to diagnosis and management. Thromb Res.
(2021) 198:213-21. doi: 10.1016/j.thromres.2020.10.010

. Cervera R, Piette J-C, Font J, Khamashta MA, Shoenfeld Y, Camps MT, et al.

Antiphospholipid syndrome: clinical and immunologic manifestations and
patterns of disease expression in a cohort of 1,000 patients. Arthritis Rheum.
(2002) 46:1019-27. doi: 10.1002/art.10187

. Cardoso F. Autoimmune choreas. ] Neurol Neurosurg Psychiatry. (2017)

88:412-7. doi: 10.1136/jnnp-2016-314475
Paroxysmal
Mov

non-kinesigenic
Disord.  (2005)

dyskinesia
in  antiphospholipid 20:111-3.

doi: 10.1002/mds.20262

syndrome.

. Kranick SM, Mowry EM, Colcher A, Horn S, Golbe LI. Movement disorders

and pregnancy: a review of the literature. Mov Disord. (2010) 25:665-71.
doi: 10.1002/mds.23071

. Reiner P, Galanaud D, Leroux G, Vidailhet M, Haroche ], Huong DLT,

et al. Long-term outcome of 32 patients with chorea and systemic lupus
erythematosus or antiphospholipid antibodies. Mov Disord. (2011) 26:2422-
7. doi: 10.1002/mds.23863

Zhang L, Pereira AC. Oromandibular chorea in antiphospholipid syndrome.
Pract Neurol. (2018) 18:132-3. doi: 10.1136/practneurol-2017-001824
Ghembaza A, Saadoun D. Management of antiphospholipid syndrome.
Biomedicines. (2020) 8:508. doi: 10.3390/biomedicines8110508

Honnorat J, Joubert B. Movement disorders in autoimmune encephalitis
and paraneoplastic neurological syndromes. Rev Neurol. (2018) 174:597-607.
doi: 10.1016/j.neurol.2018.07.006

Balint B, Vincent A, Meinck H-M, Irani SR, Bhatia KP. Movement
disorders with neuronal antibodies: syndromic approach, genetic parallels
and pathophysiology. Brain. (2018) 141:13-36. doi: 10.1093/brain/
awx189

Irani SR, Stagg CJ, Schott JM, Rosenthal CR, Schneider SA, Pettingill P, et al.
Faciobrachial dystonic seizures: the influence of immunotherapy on seizure
control and prevention of cognitive impairment in a broadening phenotype.
Brain. (2013) 136:3151-62. doi: 10.1093/brain/awt212

Balint B, Meinck H. Pragmatic treatment of stiff person spectrum disorders.
Mov Disord Clin Pract. (2018) 5:394-401. doi: 10.1002/mdc3.12629
Henningsen P, Meinck H-M. Specific phobia is a frequent non-motor feature
in stiff man syndrome. J Neurol Neurosurg Psychiatry. (2003) 74:462-5.
doi: 10.1136/jnnp.74.4.462

Marano M, Motolese F, Lanzone J, Di Santo A, Rossi M, Bevacqua MG, et al.
Pseudoagoraphobia, a diagnostic clue in stiff-limb syndrome. Mov Disord
Clin Pract. (2020) 7:313-7. doi: 10.1002/mdc3.12911

Hara M, Arifio H, Petit-Pedrol M, Sabater L, Titulaer MJ, Martinez-
Hernandez E, et al. DPPX antibody-associated encephalitis: main
syndrome and antibody effects. Neurology. (2017) 88:1340-8.
doi: 10.1212/WNL.0000000000003796

Vigliani MC, Honnorat J, Antoine J-C, Vitaliani R, Giometto B, Psimaras
D, et al. Chorea and related movement disorders of paraneoplastic
origin: the PNS EuroNetwork experience. ] Neurol. (2011) 258:2058-68.
doi: 10.1007/s00415-011-6074-1

Honorat JA, Komorowski L, Josephs KA, Fechner K, St Louis EK,
Hinson SR, et al. IgLONS5 antibody: neurological accompaniments and
outcomes in 20 patients. Neurol Neuroimmunol Neuroinflamm. (2017)
4:e385. doi: 10.1212/NXI1.0000000000000385

Shambrook P, Hesters A, Marois C, Zemba D, Servan J, Gaymard B, et al.
Delayed benefit from aggressive immunotherapy in waxing and waning

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

anti-IgLONG disease. Neurol Neuroimmunol Neuroinflamm. (2021) 8:¢1009.
doi: 10.1212/NXI1.0000000000001009

Rubin JE, Crowe SE. Celiac disease. Ann Intern Med. (2020) 172:ITC1-16.
doi: 10.7326/AITC202001070

Caio G, Volta U, Sapone A, Leffler DA, De Giorgio R, Catassi C, et al.
Celiac disease: a comprehensive current review. BMC Med. (2019) 17:142.
doi: 10.1186/s12916-019-1380-z

Vinagre-Aragén A, Zis P, Grunewald RA, Hadjivassiliou M. Movement
disorders related to gluten sensitivity: a systematic review. Nutrients. (2018)
10:1034. doi: 10.3390/nu10081034

. A Distinct EEG Marker of Celiac Disease-Related Cortical Myoclonus

- Swinkin - - Movement Disorders - Wiley Online Library. Available
online at: https://movementdisorders.onlinelibrary.wiley.com/doi/10.1002/
mds.28407 (accessed April 2, 2021).

Sarrigiannis PG, Hoggard N, Aeschlimann D, Sanders DS, Griinewald RA,
Unwin ZGC, et al. Myoclonus ataxia and refractory coeliac disease. Cerebellum
Ataxias. (2014) 1:11. doi: 10.1186/2053-8871-1-11

Miranda M, Bustamante ML, Campero M, Wainstein E, Toche
P, Espay AJ, et al. Movement disorders in non-encephalopathic
hashimoto’s thyroiditis. Parkinsonism Relat Disord. (2018) 55:141-2.
doi: 10.1016/j.parkreldis.2018.06.008

Margaretten M. Neurologic manifestations of primary sjogren syndrome.
Rheum Dis Clin North Am. (2017) 43:519-29. doi: 10.1016/j.rdc.2017.06.002
Delorme C, Cohen F Hubsch C, Roze E. Chorea as the initial
manifestation of sjogren syndrome. Pediatric Neurol. (2015) 52:647-8.
doi: 10.1016/j.pediatrneurol.2015.02.021

Borhani-Haghighi A, Kardeh B, Banerjee S, Yadollahikhales G, Safari
A, Sahraian MA, et al. Neuro-Behcets disease: an update on diagnosis,
differential diagnoses, and treatment. Mult Scl Rel Dis. (2020) 39:101906.
doi: 10.1016/j.msard.2019.101906

Rizzo G, Licchetta L, Scaglione C, Buttiglione M, Capellari S,
Martinelli P, et al. Behget disease presenting with movement disorders
and antibasal ganglia antibodies. Autoimmun Rev. (2016) 15:287-8.
doi: 10.1016/j.autrev.2015.11.011

Netravathi M, Pal PK, Indira Devi B. A clinical profile of 103
patients with secondary movement disorders: correlation of etiology with
phenomenology: secondary movement disorders. Eur ] Neurol. (2012)
19:226-33. doi: 10.1111/j.1468-1331.2011.03469.x

Carroll E, Sanchez-ramos J. Hyperkinetic movement disorders associated
with HIV and other viral infections. Handbook Clin Neurol. (2011) 100:323-
34. doi: 10.1016/B978-0-444-52014-2.00025-2

Peluso MJ, Ferretti E Peterson J, Lee E, Fuchs D, Boschini A, et al.
Cerebrospinal fluid HIV escape associated with progressive neurologic
dysfunction in patients on antiretroviral therapy with well controlled plasma
viral load. AIDS. (2012) 26:1765-74. doi: 10.1097/QAD.0b013e328355e6b2
Pardo J, Marcos A, Bhathal H, Castro M, de Seijas EV. Chorea as a
form of presentation of human immunodeficiency virus-associated dementia
complex. Neurology. (1998) 50:568-9. doi: 10.1212/WNL.50.2.568
Mirsattari SM, Berry MER, Holden JK, Ni W, Nath A, Power C. Paroxysmal
dyskinesias in patients with HIV infection. Neurology. (1999) 52:109-.
doi: 10.1212/WNL.52.1.109

Wicki J, Germanier Y, Sztajzel R, Burkhard PR. Brueghel syndrome as a
new manifestation of HIV encephalopathy. Eur Neurol. (2008) 60:107-8.
doi: 10.1159/000138963

Mabher ], Choudhri R, Halliday W, Power C, Nath A. AIDS dementia
complex with generalized myoclonus. Mov Disord. (1997) 12:593-7.
doi: 10.1002/mds.870120418

Sporer B, Linke R, Seelos K, Paul R, Klopstock T, Pfister H-W. HIV?induced
chorea: evidence for basal ganglia dysregulation by SPECT. ] Neurol. (2005)
252:356-8. doi: 10.1007/s00415-005-0626-1

Sporer B, Seelos K, Asmus F, Boetzel K, Pfister H-W. Posterior fossa tremor
induced by HIV-associated progressive multifocal leukoencephalopathy. Eur
Neurol. (2005) 53:96-7. doi: 10.1159/000085507

Rajakaruna GK, Italiano CM, John M, Nolan D. Chorea associated with
persistent low-level viremia in a patient living with HIV: a case report. J Virus
Erad. (2020) 6:27-9. doi: 10.1016/S2055-6640(20)30007-8

Trocello J-M, Blanchet A, Bourdain F Meyohas M-C, Vidailhet M.
Mouvements choréiques traitement anti-rétroviral

résolutifs  sous

Frontiers in Neurology | www.frontiersin.org

16

December 2021 | Volume 12 | Article 659805


https://doi.org/10.3389/fneur.2018.01001
https://doi.org/10.1007/s00702-013-1023-z
https://doi.org/10.1016/j.jns.2017.12.035
https://doi.org/10.1016/j.thromres.2020.10.010
https://doi.org/10.1002/art.10187
https://doi.org/10.1136/jnnp-2016-314475
https://doi.org/10.1002/mds.20262
https://doi.org/10.1002/mds.23071
https://doi.org/10.1002/mds.23863
https://doi.org/10.1136/practneurol-2017-001824
https://doi.org/10.3390/biomedicines8110508
https://doi.org/10.1016/j.neurol.2018.07.006
https://doi.org/10.1093/brain/awx189
https://doi.org/10.1093/brain/awt212
https://doi.org/10.1002/mdc3.12629
https://doi.org/10.1136/jnnp.74.4.462
https://doi.org/10.1002/mdc3.12911
https://doi.org/10.1212/WNL.0000000000003796
https://doi.org/10.1007/s00415-011-6074-1
https://doi.org/10.1212/NXI.0000000000000385
https://doi.org/10.1212/NXI.0000000000001009
https://doi.org/10.7326/AITC202001070
https://doi.org/10.1186/s12916-019-1380-z
https://doi.org/10.3390/nu10081034
https://movementdisorders.onlinelibrary.wiley.com/doi/10.1002/mds.28407
https://movementdisorders.onlinelibrary.wiley.com/doi/10.1002/mds.28407
https://doi.org/10.1186/2053-8871-1-11
https://doi.org/10.1016/j.parkreldis.2018.06.008
https://doi.org/10.1016/j.rdc.2017.06.002
https://doi.org/10.1016/j.pediatrneurol.2015.02.021
https://doi.org/10.1016/j.msard.2019.101906
https://doi.org/10.1016/j.autrev.2015.11.011
https://doi.org/10.1111/j.1468-1331.2011.03469.x
https://doi.org/10.1016/B978-0-444-52014-2.00025-2
https://doi.org/10.1097/QAD.0b013e328355e6b2
https://doi.org/10.1212/WNL.50.2.568
https://doi.org/10.1212/WNL.52.1.109
https://doi.org/10.1159/000138963
https://doi.org/10.1002/mds.870120418
https://doi.org/10.1007/s00415-005-0626-1
https://doi.org/10.1159/000085507
https://doi.org/10.1016/S2055-6640(20)30007-8
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Méneret et al.

Treatable Hyperkinetic Movement Disorders

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

au cours d'une encéphalite a VIH. Rev Neurol. (2006) 162:89-91.
doi: 10.1016/S0035-3787(06)74986-4

Avedissian SN, Dyavar SR, Fox HS, Fletcher CV. Pharmacologic approaches
to HIV-associated neurocognitive disorders. Curr Opin Pharmacol. (2020)
54:102-8. doi: 10.1016/j.coph.2020.09.003

Handoko R, Spudich S. Treatment of central nervous system
manifestations of HIV in the current era. Semin Neurol. (2019) 39:391-8.
doi: 10.1055/s-0039-1688915

Tse W, Cersosimo MG, Gracies J-M, Morgello S, Olanow CW, Koller W.
Movement disorders and AIDS: a review. Parkin Rel Dis. (2004) 10:323-34.
doi: 10.1016/j.parkreldis.2004.03.001

Luft BJ, Remington JS. Toxoplasmic encephalitis. ] Infect Dis. (1988) 157:1-6.
doi: 10.1093/infdis/157.1.1

Teive HAG, Troiano AR, Cabral NL, Becker N, Werneck LC.
Hemicoréia-hemibalismo associado a granuloma criptocécico em
paciente com SIDA: relato de caso. Arq Neuro-Psiquiatr. (2000) 58:965-8.
doi: 10.1590/S0004-282X2000000500030

Weeks RA, Clough CG. Hemichorea due to cryptococcal meningitis. Mov
Disord. (1995) 10:522. doi: 10.1002/mds.870100423

Namer IJ, Tan E, Akalin E, Selekler K, Zileli T. [A case of hemiballismus
during cryptococcal meningitis]. Rev Neurol. (1990) 146:153-4.
Estrada-Bellmann I, Camara-Lemarroy CR, Flores-Cantu H, Calderon-
Hernandez HJ, Villareal-Velazquez HJ. Hemichorea in a patient with HIV-
associated central nervous system histoplasmosis. Int | Std AIDS. (2016)
27:75-7. doi: 10.1177/0956462414564608

Alarcén E Cedeiio Y, de Yébenes JG. Parkinsonism and other movement
disorders in 23 cases of neurocysticercosis. Parkins Rel Dis. (2017) 42:47-53.
doi: 10.1016/j.parkreldis.2017.06.009

Garcia HH, Nash TE, Del Brutto OH. Clinical symptoms, diagnosis,
and treatment of neurocysticercosis. Lancet Neurol. (2014) 13:1202-15.
doi: 10.1016/51474-4422(14)70094-8

Bally JE, Méneret A, Roze E, Anderson M, Grabli D, Lang AE. Systematic
review of movement disorders and oculomotor abnormalities in Whipple’s
disease. Mov Disord. (2018) 33:1700-11. doi: 10.1002/mds.27419

El-Abassi R, Soliman MY, Williams F, England JD. Whipple’s disease. ] Neurol
Sci. (2017) 377:197-206. doi: 10.1016/j.jns.2017.01.048

Baizabal-Carvallo JE  Cardoso FE  Jankovic J. Myorhythmia:
phenomenology, etiology, and treatment. Mov Disord. (2015) 30:171-9.
doi: 10.1002/mds.26093

Fenollar E, Lagier J-C, Raoult D. Tropheryma whipplei and Whipple’s disease.
J Infect. (2014) 69:103-12. doi: 10.1016/j.jinf.2014.05.008

Shah BB, Lang AE. Acquired neurosyphilis presenting as movement
disorders: movement disorders in acquired neurosyphilis. Mov Disord.
(2012) 27:690-5. doi: 10.1002/mds.24950

Shah BB, Lang AE. A case of neurosyphilis presenting with myoclonus,
cerebellar ataxia, and speech disturbance. Mov Disord. (2012) 27:794.
doi: 10.1002/mds.24952

Lenka A, Thota N, Stezin A, Pal PK, Yadav R. Orofacial involuntary
movements in neurosyphilis: beyond the candy sign. Tremor Other Hyperk
Mov. (2017) 7:507. doi: 10.5334/tohm.365

Marto JP, Borbinha C, Lampreia T, Alves L, Viana-Baptista M. Teaching
video neuro Images : candy sign: the clue to the diagnosis of neurosyphilis.
Neurology. (2017) 88:e35. doi: 10.1212/WNL.0000000000003544

Janier M, Unemo M, Dupin N, Tiplica GS, Poto¢nik M, Patel R. 2020
European guideline on the management of syphilis. ] Eur Acad Dermatol
Venereol. (2021) 35:574-88. doi: 10.1111/jdv.16946

Alarcon E Dueiias G, Cevallos N, Lees AJ. Movement disorders in
30 patients with tuberculous meningitis. Mov Disord. (2000) 15:561-9.
doi: 10.1002/1531-8257(200005)15:3<561::AID-MDS1021>3.0.CO;2-K
Aasfara J, Regragui W, El Ouardi L, Ait Ben Haddou EH, Benomar
A, Yahyaoui M. A case of bilateral thalamic infarct complicating

tuberculous meningoencephalitis. Pan  Afr Med J. (2019) 33:2.
doi: 10.11604/pam;.2019.33.2.13327
Yen LM, Thwaites CL. Tetanus. Lancet. (2019) 393:1657-68.

doi: 10.1016/S0140-6736(18)33131-3

Nakajima M, Aso S, Matsui H, Fushimi K, Yasunaga H. Clinical features and
outcomes of tetanus: analysis using a national inpatient database in Japan. J
Crit Care. (2018) 44:388-91. doi: 10.1016/j.jcrc.2017.12.025

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Hassel B. Tetanus: pathophysiology, treatment, and the possibility of using
botulinum toxin against tetanus-induced rigidity and spasms. Toxins. (2013)
5:73-83. doi: 10.3390/toxins5010073

Geoghegan S, Walsh A, King MD, Lynch B, Webb D, Twomey E, et al.
Anti-N-Methyl-D-aspartate receptor antibody mediated neurologic relapse
post herpes simplex encephalitis: a case series. Pediat Infect Dis J. (2016)
35:¢258-61. doi: 10.1097/INF.0000000000001205

Nosadini M, Mohammad SS, Corazza F, Ruga EM, Kothur K, Perilongo G,
et al. Herpes simplex virus-induced anti- N -methyl- D -aspartate receptor
encephalitis: a systematic literature review with analysis of 43 cases. Dev Med
Child Neurol. (2017) 59:796-805. doi: 10.1111/dmcn.13448

Armangue T, Spatola M, Vlagea A, Mattozzi S, Carceles-Cordon M,
Martinez-Heras E, et al. Frequency, symptoms, risk factors, and outcomes
of autoimmune encephalitis after herpes simplex encephalitis: a prospective
observational study and retrospective analysis. Lancet Neurol. (2018) 17:760-
72. doi: 10.1016/S1474-4422(18)30244-8

Dean SL, Singer HS. Treatment of sydenham’s chorea: a review of the current
evidence. Tremor Other Hyperk Mov. (2017) 7:456. doi: 10.5334/tohm.376
Cunningham MW. Molecular mimicry, autoimmunity, and infection: the
cross-reactive antigens of group a streptococci and their sequelae. Microbiol
Spect. (2019) 7:10.1128. doi: 10.1128/microbiolspec. GPP3-0045-2018
Shulman ST, Bisno AL, Clegg HW, Gerber MA, Kaplan EL, Lee G, et al.
Clinical practice guideline for the diagnosis and management of group a
streptococcal pharyngitis: 2012 update by the infectious diseases society of
America. Clin Infect Dis. (2012) 55:e86-102. doi: 10.1093/cid/cis629

Lepri G, Rigante D, Bellando Randone S, Meini A, Ferrari A, Tarantino
G, et al. Clinical-serological characterization and treatment outcome of a
large cohort of italian children with pediatric autoimmune neuropsychiatric
disorder associated with streptococcal infection and pediatric acute
neuropsychiatric syndrome. J Child Adol Psychopharmacol. (2019) 29:608-
14. doi: 10.1089/cap.2018.0151

Cooperstock MS, Swedo SE, Pasternack MS, Murphy TK, for the
PANS/PANDAS Consortium. Clinical management of pediatric acute-
onset neuropsychiatric syndrome: Part III—treatment and prevention
of infections. ] Child Adol Psychopharmacol. (2017) 27:594-606.
doi: 10.1089/cap.2016.0151

Swedo SE, Frankovich J, Murphy TK. Overview of treatment of pediatric
acute-onset neuropsychiatric syndrome. J Child Adol Psychopharmacol.
(2017) 27:562-5. doi: 10.1089/cap.2017.0042

Swedo SE, Leonard HL, Garvey M, Mittleman B, Allen AJ, Perlmutter
S, et al. Pediatric autoimmune neuropsychiatric disorders associated with
streptococcal infections: clinical description of the first 50 cases. Am |
Psychiatry. (1998) 155:264-71.

Chiarello F, Spitoni S, Hollander E, Cerinic MM, Pallanti S. An expert
opinion on PANDAS/PANS: highlights and controversies. Int ] Psychiatry
Clin Practice. (2017) 21:91-8. doi: 10.1080/13651501.2017.1285941

Oh §-Y, Kim J-S, Dieterich M. Update on opsoclonus-myoclonus syndrome
in adults. ] Neurol. (2019) 266:1541-8. doi: 10.1007/s00415-018-9138-7
Gorman MP. Update on diagnosis, treatment, and prognosis in opsoclonus-
myoclonus-ataxia syndrome. Curr Opin Pediatr. (2010) 22:745-50.
doi: 10.1097/MOP.0b013e32833fde3f

Klaas JP, Ahlskog JE, Pittock SJ, Matsumoto JY, Aksamit AJ, Bartleson JD,
et al. Adult-onset opsoclonus-myoclonus syndrome. Arch Neurol. (2012)
69:1598. doi: 10.1001/archneurol.2012.1173

Saini L, Dhawan SR, Madaan P, Suthar R, Saini AG, Sahu JK, et al. Infection-
associated opsoclonus: a retrospective case record analysis and review
of literature. J Child Neurol. (2020) 35:480-4. doi: 10.1177/08830738209
11327

Foucard C, San-Galli A, Tarrano C, Chaumont H, Lannuzel
A, Roze E. Acute cerebellar ataxia and myoclonus with or
without opsoclonus: a parainfectious syndrome associated ~with

COVID-19.
4726
Guedes BE, Vieira Filho MAA, Listik C, Carra RB, Pereira CB, Silva
ER da, et al. HIV-associated opsoclonus-myoclonus-ataxia syndrome:
early infection, immune reconstitution syndrome or secondary to other
diseases? Case report and literature review. J Neurovirol. (2018) 24:123-7.
doi: 10.1007/s13365-017-0603-3

Eur ] Neurol. (2021) 28:3533-6. doi: 10.1111/ene.1

Frontiers in Neurology | www.frontiersin.org

17

December 2021 | Volume 12 | Article 659805


https://doi.org/10.1016/S0035-3787(06)74986-4
https://doi.org/10.1016/j.coph.2020.09.003
https://doi.org/10.1055/s-0039-1688915
https://doi.org/10.1016/j.parkreldis.2004.03.001
https://doi.org/10.1093/infdis/157.1.1
https://doi.org/10.1590/S0004-282X2000000500030
https://doi.org/10.1002/mds.870100423
https://doi.org/10.1177/0956462414564608
https://doi.org/10.1016/j.parkreldis.2017.06.009
https://doi.org/10.1016/S1474-4422(14)70094-8
https://doi.org/10.1002/mds.27419
https://doi.org/10.1016/j.jns.2017.01.048
https://doi.org/10.1002/mds.26093
https://doi.org/10.1016/j.jinf.2014.05.008
https://doi.org/10.1002/mds.24950
https://doi.org/10.1002/mds.24952
https://doi.org/10.5334/tohm.365
https://doi.org/10.1212/WNL.0000000000003544
https://doi.org/10.1111/jdv.16946
https://doi.org/10.1002/1531-8257(200005)15:3$<$561::AID-MDS1021$>$3.0.CO
https://doi.org/10.11604/pamj.2019.33.2.13327
https://doi.org/10.1016/S0140-6736(18)33131-3
https://doi.org/10.1016/j.jcrc.2017.12.025
https://doi.org/10.3390/toxins5010073
https://doi.org/10.1097/INF.0000000000001205
https://doi.org/10.1111/dmcn.13448
https://doi.org/10.1016/S1474-4422(18)30244-8
https://doi.org/10.5334/tohm.376
https://doi.org/10.1128/microbiolspec.GPP3-0045-2018
https://doi.org/10.1093/cid/cis629
https://doi.org/10.1089/cap.2018.0151
https://doi.org/10.1089/cap.2016.0151
https://doi.org/10.1089/cap.2017.0042
https://doi.org/10.1080/13651501.2017.1285941
https://doi.org/10.1007/s00415-018-9138-7
https://doi.org/10.1097/MOP.0b013e32833fde3f
https://doi.org/10.1001/archneurol.2012.1173
https://doi.org/10.1177/0883073820911327
https://doi.org/10.1111/ene.14726
https://doi.org/10.1007/s13365-017-0603-3
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Méneret et al.

Treatable Hyperkinetic Movement Disorders

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Pierre C, Arthur P, Jérome H, Remy D, Soraya C, Mario M. CSF
HIV RNA escape in opsoclonus-myoclonus-ataxia syndrome: case
report and review of the literature. Front Neurol. (2020) 11:585527.
doi: 10.3389/fneur.2020.585527

Mohammad SS, Dale RC. Principles and approaches to the treatment of
immune-mediated movement disorders. Eur | Paediatric Neurol. (2018)
22:292-300. doi: 10.1016/j.¢jpn.2017.11.010

Eberhardt O, Topka H. Myoclonic disorders. Brain Sci. (2017) 7:103.
doi: 10.3390/brainsci7080103

Thobois S, Giraud P, Debat P, Gouttard M, Maurizi A, Perret-Liaudet A,
et al. Orofacial dyskinesias in a patient with primary biliary cirrhosis: a
clinicopathological case report and review. Mov Disord. (2002) 17:415-9.
doi: 10.1002/mds.10037

Shin H-W, Park HK. Recent updates on acquired hepatocerebral
degeneration.  Tremor  Other  Hyperkinet ~ Mov. (2017)  7:463.
doi: 10.5334/tohm.379

Sousa AL, Salgado P, Alves JE, Silva S, Ferreira S, Magalhdes M. Uncommon
movement disorders in chronic hepatic disease with response to rifaximin.
Tremor Other Hyperkinet Mov. (2019) 9. doi: 10.5334/tohm.475

Finelli PE Singh JU. A syndrome of bilateral symmetrical basal ganglia
lesions in diabetic dialysis patients. Am ] Kidney Dis. (2014) 63:286-8.
doi: 10.1053/j.ajkd.2013.08.030

Chua C-B, Sun C-K, Hsu C-W, Tai Y-C, Liang C-Y, Tsai I-T. Diabetic
striatopathy: clinical presentations, controversy, pathogenesis, treatments,
and outcomes. Sci Rep. (2020) 10:1594. doi: 10.1038/541598-020-58555-w
Chen C, Zheng H, Yang L, Hu Z. Chorea-ballism associated

with  ketotic  hyperglycemia. ~ Neurol ~ Sci.  (2014)  35:1851-5.
doi: 10.1007/s10072-014-1968-1

Gandhi SE, Newman EJ, Marshall VL. Emergency
presentations of movement disorders. Pract Neurol. (2020) 20.

doi: 10.1136/practneurol-2019-002277

Dizon AM, Kowalyk S, Hoogwerf BJ. Neuroglycopenic and other
symptoms in patients with insulinomas. Am ] Med. (1999) 106:307-10.
doi: 10.1016/S0002-9343(99)00021-2

Ding Y, Wang S, Liu J, Yang Y, Liu Z, Li ], et al. Neuropsychiatric
profiles of patients with insulinomas. Eur Neurol. (2010) 63:48-51.
doi: 10.1159/000268166

Barabas G, Tucker SM. Idiopathic
paroxysmal dystonic choreoathetosis. Ann Neurol.
doi: 10.1002/ana.410240419
Dure LS, Mussell HG.
with  pseudohypoparathyroidism.
doi: 10.1002/mds.870130424
Athappan G, Ariyamuthu VK. Chvostek’s sign and carpopedal spasm. N Engl
] Med. (2009) 360:e24. doi: 10.1056/NEJMicm074227

Agrawal L, Habib Z, Emanuele NV. Neurologic disorders of mineral
metabolism and parathyroid disease. Handb Clin Neurol. (2014) 120:737-48.
doi: 10.1016/B978-0-7020-4087-0.00049-8

Elin RJ. Magnesium metabolism in health and disease. Dis Mon. (1988)
34:161-218. doi: 10.1016/0011-5029(88)90013-2
Espay AJ. Neurologic complications of
and acid-base balance. Handb Clin
doi: 10.1016/B978-0-7020-4086-3.00023-0
Marse C, Druesne V, Giordana C. Paroxysmal tremor and vertical nystagmus
associated with hypomagnesemia. Mov Disord Clin Pract. (2020) 7:S61-2.
doi: 10.1002/mdc3.13057

Bruyn GW, Padberg G. Chorea and polycythaemia. Eur Neurol. (1984)
23:26-33. doi: 10.1159/000115674

Late-Onset Chorea in JAK2-Associated Essential Thrombocythemia - Koya
Kutty - 2021 - Movement Disorders Clinical Practice - Wiley Online Library.
Available online at: https://movementdisorders.onlinelibrary.wiley.com/doi/
10.1002/mdc3.13105 (accessed April 14, 2021).

Marvi MM, Lew MF. Polycythemia and chorea. Handb Clin Neurol. (2011)
100:271-6. doi: 10.1016/B978-0-444-52014-2.00019-7
Pedroso JL, Barsottini OG, Espay AJ. Movement
metabolic  disorders.  Curr  Neurol Neurosci Rep.
doi: 10.1007/s11910-019-0921-3

hypoparathyroidism  and
(1988) 24:585.

Paroxysmal dyskinesia in a
Mov  Disord.  (1998)

patient
13:746-8.

disturbances
119:365-82.

electrolyte

Neurol. (2014)

disorders in
(2019) 197

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Tan E-K, Chan L-L. Movement disorders associated with
hyperthyroidism: expanding the phenotype. Mov Disord. (2006) 21:1054-5.
doi: 10.1002/mds.20883

Mohammadi S, Dolatshahi M, Rahmani F. Shedding light on thyroid
hormone disorders and Parkinson disease pathology: mechanisms and
risk factors. | Endocrinol Invest. (2021) 44:1-13. doi: 10.1007/s40618-020-
01314-5

Kondziella D, Brederlau A, Asztely F. Choreathetosis due to abuse of
levothyroxine. J Neurol. (2009) 256:2106-8. doi: 10.1007/s00415-009-5314-0
Hopkins RS, Belyea BC, Grossman LB. Titubation and paroxysmal
dyskinesia: an unusual presentation of hypothyroidism. Clin Pediatr. (2007)
46:175-7. doi: 10.1177/0009922806290104

Puri V, Chaudhry N. Paroxysmal kinesigenic dyskinesia manifestation of
hyperthyroidism. Neurol India. (2004) 52:102-3.

de Souza A, Moloi MW. Involuntary
to vitamin B12  deficiency. Neurol Res.
doi: 10.1179/1743132814Y.0000000396

Kumar N. Neurologic aspects of cobalamin (B12) deficiency. Handb Clin
Neurol. (2014) 120:915-26. doi: 10.1016/B978-0-7020-4087-0.00060-7
Mariani L-L, Tesson C, Charles P, Cazeneuve C, Hahn V, Youssov K, et al.
Expanding the spectrum of genes involved in huntington disease using a
combined clinical and genetic approach. JAMA Neurol. (2016) 73:1105-14.
doi: 10.1001/jamaneurol.2016.2215

Wenning GK, Kiechl S, Seppi K, Miiller J, Hogl B, Saletu M, et al. Prevalence
of movement disorders in men and women aged 50-89 years (Bruneck
Study cohort): a population-based study. Lancet Neurol. (2005) 4:815-20.
doi: 10.1016/S1474-4422(05)70226-X

Raucci U, Parisi P, Vanacore N, Garone G, Bondone C, Palmieri
A, et al. Acute hyperkinetic movement disorders in Italian
paediatric emergency departments. Arch Dis Child. (2018) 103:790-4.
doi: 10.1136/archdischild-2017-314464

Factor SA, Burkhard PR, Caroff S, Friedman JH, Marras C, Tinazzi M, et al.
Recent developments in drug-induced movement disorders: a mixed picture.
Lancet Neurol. (2019) 18:880-90. doi: 10.1016/S1474-4422(19)30152-8
Thomas JE, Caballero J, Harrington CA. The incidence of akathisia
in the treatment of schizophrenia with aripiprazole, asenapine and
lurasidone: a meta-analysis. Curr Neuropharmacol. (2015) 13:681-91.
doi: 10.2174/1570159X13666150115220221

Tse W, Libow LS, Neufeld R, Lesser G, Frank ], Dolan S, et al. Prevalence of
movement disorders in an elderly nursing home population. Arch Gerontol
Geriatr. (2008) 46:359-66. doi: 10.1016/j.archger.2007.05.008

Flank J, Sung L, Dvorak CC, Spettigue W, Dupuis LL. The safety of
olanzapine in young children: a systematic review and meta-analysis. Drug
Saf. (2014) 37:791-804. doi: 10.1007/540264-014-0219-y

Lau Moon Lin M, Robinson PD, Flank J, Sung L, Dupuis LL. The safety of
metoclopramide in children: a systematic review and meta-analysis. Drug
Saf. (2016) 39:675-87. doi: 10.1007/s40264-016-0418-9

Mejia NI, Jankovic J. Tardive dyskinesia and withdrawal emergent syndrome
in children. Expert Rev Neurother. (2010) 10:893-901. doi: 10.1586/ern.10.58
Demyttenaere K, Detraux J, Racagni G, Vansteelandt K. Medication-induced
akathisia with newly approved antipsychotics in patients with a severe mental
illness: a systematic review and meta-analysis. CNS Drugs. (2019) 33:549-66.
doi: 10.1007/540263-019-00625-3

Frei K, Truong DD, Fahn S, Jankovic J, Hauser RA. The nosology of tardive
syndromes. ] Neurol Sci. (2018) 389:10-6. doi: 10.1016/j.jns.2018.02.008
Bonnet A-M, Cormier F, Lacomblez L. Syndromes parkinsoniens et
mouvements involontaires médicamenteux dans la population 4gée. Les
Cahiers Année Gérontol. (2012) 4:43-9. doi: 10.1007/s12612-012-0264-z
Estevez-Fraga C, Zeun P, Lopez-Sendén Moreno JL. Current methods
for the treatment and prevention of drug-induced parkinsonism
and tardive dyskinesia in the elderly. Drugs Aging. (2018) 35:959-71.
doi: 10.1007/540266-018-0590-y

Vijayakumar D, Jankovic J. Drug-induced dyskinesia, part 2: treatment of
tardive dyskinesia. Drugs. (2016) 76:779-87. doi: 10.1007/s40265-016-0568-1
Kim DD, Barr AM, Chung Y, Yuen JWY, Etminan M, Carleton BC,
et al. Antipsychotic-associated symptoms of tourette syndrome: a systematic
review. CNS Drugs. (2018) 32:917-38. doi: 10.1007/s40263-018-0559-8

movements  due
(2014)  36:1121-8.

Frontiers in Neurology | www.frontiersin.org

December 2021 | Volume 12 | Article 659805


https://doi.org/10.3389/fneur.2020.585527
https://doi.org/10.1016/j.ejpn.2017.11.010
https://doi.org/10.3390/brainsci7080103
https://doi.org/10.1002/mds.10037
https://doi.org/10.5334/tohm.379
https://doi.org/10.5334/tohm.475
https://doi.org/10.1053/j.ajkd.2013.08.030
https://doi.org/10.1038/s41598-020-58555-w
https://doi.org/10.1007/s10072-014-1968-1
https://doi.org/10.1136/practneurol-2019-002277
https://doi.org/10.1016/S0002-9343(99)00021-2
https://doi.org/10.1159/000268166
https://doi.org/10.1002/ana.410240419
https://doi.org/10.1002/mds.870130424
https://doi.org/10.1056/NEJMicm074227
https://doi.org/10.1016/B978-0-7020-4087-0.00049-8
https://doi.org/10.1016/0011-5029(88)90013-2
https://doi.org/10.1016/B978-0-7020-4086-3.00023-0
https://doi.org/10.1002/mdc3.13057
https://doi.org/10.1159/000115674
https://movementdisorders.onlinelibrary.wiley.com/doi/10.1002/mdc3.13105
https://movementdisorders.onlinelibrary.wiley.com/doi/10.1002/mdc3.13105
https://doi.org/10.1016/B978-0-444-52014-2.00019-7
https://doi.org/10.1007/s11910-019-0921-3
https://doi.org/10.1002/mds.20883
https://doi.org/10.1007/s40618-020-01314-5
https://doi.org/10.1007/s00415-009-5314-0
https://doi.org/10.1177/0009922806290104
https://doi.org/10.1179/1743132814Y.0000000396
https://doi.org/10.1016/B978-0-7020-4087-0.00060-7
https://doi.org/10.1001/jamaneurol.2016.2215
https://doi.org/10.1016/S1474-4422(05)70226-X
https://doi.org/10.1136/archdischild-2017-314464
https://doi.org/10.1016/S1474-4422(19)30152-8
https://doi.org/10.2174/1570159X13666150115220221
https://doi.org/10.1016/j.archger.2007.05.008
https://doi.org/10.1007/s40264-014-0219-y
https://doi.org/10.1007/s40264-016-0418-9
https://doi.org/10.1586/ern.10.58
https://doi.org/10.1007/s40263-019-00625-3
https://doi.org/10.1016/j.jns.2018.02.008
https://doi.org/10.1007/s12612-012-0264-z
https://doi.org/10.1007/s40266-018-0590-y
https://doi.org/10.1007/s40265-016-0568-1
https://doi.org/10.1007/s40263-018-0559-8
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Méneret et al.

Treatable Hyperkinetic Movement Disorders

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Fountoulakis KN, Samara M, Siapera M, Iacovides A. Tardive tourette-like
syndrome: a systematic review. Int Clin Psychopharmacol. (2011) 26:237-42.
doi: 10.1097/YIC.0b013e32834aa924

Kompoliti K, Goetz CG. Hyperkinetic movement disorders misdiagnosed
as tics in gilles de la tourette syndrome. Mov Disord. (1998) 13:477-80.
doi: 10.1002/mds.870130317

Savitt D, Jankovic J. Tardive syndromes. ] Neurol Sci. (2018) 389:35-42.
doi: 10.1016/j.jns.2018.02.005

Caligiuri MP, Lacro JP, Rockwell E, McAdams LA, Jeste DV. Incidence and
risk factors for severe tardive dyskinesia in older patients. Br J Psychiatry.
(1997) 171:148-53. doi: 10.1192/bjp.171.2.148

Carbon M, Hsieh C-H, Kane JM, Correll CU. Tardive dyskinesia prevalence
in the period of second-generation antipsychotic use: a meta-analysis. ] Clin
Psychiatry. (2017) 78:264-78. doi: 10.4088/JCP.16r10832

Jeste DV, Caligiuri MP, Paulsen JS, Heaton RK, Lacro JP, Harris
MJ, et al. Risk of tardive dyskinesia in older patients. A prospective
longitudinal study of 266 outpatients. Arch Gen Psychiatry. (1995) 52:756-65.
doi: 10.1001/archpsyc.1995.03950210050010

Munhoz RP, Bertucci Filho D, Teive HAG. Not all drug-induced
parkinsonism are the same: the effect of drug class on motor phenotype.
Neurol Sci. (2017) 38:319-24. doi: 10.1007/s10072-016-2771-y

Schultz SK, Miller DD, Arndt S, Ziebell S, Gupta S, Andreasen
NC. Withdrawal-emergent dyskinesia in patients with schizophrenia
during antipsychotic discontinuation. Biol Psychiatry. (1995) 38:713-9.
doi: 10.1016/0006-3223(95)00082-8

Chouinard G, Samaha A-N, Chouinard V-A, Peretti C-S, Kanahara N,
Takase M, et al. Antipsychotic-Induced dopamine supersensitivity psychosis:
pharmacology, criteria, and therapy. Psychother Psychosom. (2017) 86:189—
219. doi: 10.1159/000477313

Cerovecki A, Musil R, Klimke A, Seemiiller F, Haen E, Schennach
R, et al. Withdrawal symptoms and rebound syndromes associated
with switching and discontinuing atypical antipsychotics: theoretical
background and practical recommendations. CNS Drugs. (2013) 27:545-72.
doi: 10.1007/540263-013-0079-5

Klawans HL, Tanner CM, Barr A. The reversibility of “permanent”
tardive  dyskinesia.  Clin ~ Neuropharmacol. ~ (1984)  7:153-9.
doi: 10.1097/00002826-198406000-00006

Lee D, Baek JH, Bae M, Choi Y, Hong KS. Long-term response to clozapine
and its clinical correlates in the treatment of tardive movement syndromes:
a naturalistic observational study in patients with psychotic disorders. J Clin
Psychopharmacol. (2019) 39:591-6. doi: 10.1097/JCP.0000000000001114
Caroff SN, Mu E Ayyagari R, Schilling T, Abler V, Carroll B. Hospital
utilization rates following antipsychotic dose reduction in mood disorders:
implications for treatment of tardive dyskinesia. BMC Psychiatry. (2020)
20:365. doi: 10.1186/5s12888-020-02748-0

Bergman H, Rathbone J, Agarwal V, Soares-Weiser K. Antipsychotic
reduction and/or cessation and antipsychotics as specific treatments for
tardive dyskinesia. Cochrane Database Syst Rev. (2018) 2:CD000459.
doi: 10.1002/14651858.CD000459.pub3

Caroff SN. Recent
dyskinesia.  Clin  Psychopharmacol
doi: 10.9758/cpn.2020.18.4.493

Zutshi D, Cloud L], Factor SA. Tardive syndromes are rarely reversible
after discontinuing dopamine receptor blocking agents: experience from a
university-based movement disorder clinic. Tremor Other Hyperkinet Mov.
(2014) 4:266. doi: 10.5334/tohm.199

Ricciardi L, Pringsheim T, Barnes TRE, Martino D, Gardner D,
Remington G, et al. Treatment recommendations for tardive dyskinesia.

advances in the pharmacology of tardive

Neurosci.  (2020)  18:493-506.

Can ] Psychiatry. (2019) 64:388-99. doi: 10.1177/070674371982
8968

Alabed S, Latifeh Y, Mohammad HA, Bergman H. Gamma-
aminobutyric  acid agonists for  antipsychotic-induced  tardive
dyskinesia. ~ Cochrane  Database  Syst Rev. (2018) 4:CD000203.

doi: 10.1002/14651858.CD000203.pub4

Pouclet-Courtemanche H, Rouaud T, Thobois S, Nguyen J-M, Brefel-
Courbon C, Chereau I, et al. Long-term efficacy and tolerability of bilateral
pallidal stimulation to treat tardive dyskinesia. Neurology. (2016) 86:651-9.
doi: 10.1212/WNL.0000000000002370

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Gruber D, Siidmeyer M, Deuschl G, Falk D, Krauss JK, Mueller J, et al.
Neurostimulation in tardive dystonia/dyskinesia: a delayed start, sham
stimulation-controlled randomized trial. Brain Stimul. (2018) 11:1368-77.
doi: 10.1016/j.brs.2018.08.006

Macerollo A, Deuschl G. Deep brain stimulation for tardive syndromes:
systematic review and meta-analysis. J Neurol Sci. (2018) 389:55-60.
doi: 10.1016/j.,jns.2018.02.013

Bhidayasiri R, Fahn S, Weiner WJ, Gronseth GS, Sullivan KL, Zesiewicz
TA. Evidence-based guideline: treatment of tardive syndromes: report of
the guideline development subcommittee of the american academy of
neurology. Neurology. (2013) 81:463-9. doi: 10.1212/WNL.0b013e31829
dsebe

Billnitzer A, Jankovic J. Current management of tics and tourette syndrome:
behavioral, pharmacologic, and surgical treatments. Neurotherapeutics.
(2020) 17:1681-93. doi: 10.1007/s13311-020-00914-6

Pringsheim T, Holler-Managan Y, Okun MS, Jankovic J, Piacentini J, Cavanna
AE, et al. Comprehensive systematic review summary: treatment of tics in
people with tourette syndrome and chronic tic disorders. Neurology. (2019)
92:907-15. doi: 10.1212/WNL.0000000000007467

D’Abreu A, Friedman JH. Tardive dyskinesia-like syndrome due to drugs
that do not block dopamine receptors: rare or non-existent: literature review.
Tremor Other Hyperkinet Mov. (2018) 8:570. doi: 10.5334/tohm.438
Friedman JH. Movement disorders induced by psychiatric drugs that do
not block dopamine receptors. Parkinsonism Relat Disord. (2020) 79:60-64.
doi: 10.1016/j.parkreldis.2020.08.031

Smith JM, Baldessarini RJ. Changes in prevalence, severity, and recovery
in tardive dyskinesia with age. Arch Gen Psychiatry. (1980) 37:1368-73.
doi: 10.1001/archpsyc.1980.01780250054006

Cornett EM, Novitch M, Kaye AD, Kata V, Kaye AM. Medication-induced
tardive dyskinesia: a review and update. Ochsner J. (2017) 17:162-74.
Abadie D, Rousseau V, Logerot S, Cottin J, Montastruc J-L, Montastruc
F. Serotonin syndrome: analysis of cases registered in the french
pharmacovigilance database. J Clin Psychopharmacol. (2015) 35:382-8.
doi: 10.1097/JCP.0000000000000344

Francescangeli J, Karamchandani K, Powell M, Bonavia A. The serotonin
syndrome: from molecular mechanisms to clinical practice. Int ] Mol Sci.
(2019) 20:2288. doi: 10.3390/ijms20092288

Sinclair LI, Christmas DM, Hood SD, Potokar JP, Robertson A, Isaac A, et al.
Antidepressant-induced jitteriness/anxiety syndrome: systematic review. Br
J Psychiatry. (2009) 194:483-90. doi: 10.1192/bjp.bp.107.048371

Sun M, Herrmann N, Shulman KI. Lithium toxicity in older adults: a
systematic review of case reports. Clin Drug Investig. (2018) 38:201-9.
doi: 10.1007/540261-017-0598-9

Morgan JC, Sethi KD. Drug-induced tremors. Lancet Neurol. (2005) 4:866—
76. doi: 10.1016/S1474-4422(05)70250-7

Rissardo JP, Caprara ALF. Carbamazepine-, oxcarbazepine-, eslicarbazepine-
associated movement disorder: a literature review. Clin Neuropharmacol.
(2020) 43:66-80. doi: 10.1097/WNF.0000000000000387

Touafchia D, Montastruc F, Lapeyre-Mestre M, Rousseau V, Chebane L,
Revet A. Drug-induced tics: an observational postmarketing study. Hum
Psychopharmacol. (2020) 35:2734. doi: 10.1002/hup.2734

Rissardo JP, Caprara ALF. Mirtazapine-associated — movement
disorders: a literature review. Tzu Chi Med J]. (2020) 32:318-30.
doi: 10.4103/tcmj.tcmj_13_20

Madruga-Garrido M, Mir P. Tics and other stereotyped movements as side
effects of pharmacological treatment. Int Rev Neurobiol. (2013) 112:481-94.
doi: 10.1016/B978-0-12-411546-0.00016-0

Janssen S, Bloem BR, van de Warrenburg BP. The clinical heterogeneity of
drug-induced myoclonus: an illustrated review. ] Neurol. (2017) 264:1559-
66. doi: 10.1007/s00415-016-8357-z

Daras M, Koppel BS, Atos-Radzion E. Cocaine-induced choreoathetoid
movements (crack  dancing). Neurology. (1994) 44:751-2.
doi: 10.1212/WNL.44.4.751

Doobay R, Sun L, Shah A, Masuta P, Shepherd Z. SSRI facilitated
crack dancing. Case Rep Neurol Med. (2017) 2017:4318450.
doi: 10.1155/2017/4318450

Kamath S, Bajaj N. Crack dancing in the United Kingdom: apropos a video
case presentation. Mov Disord. (2007) 22:1190-1. doi: 10.1002/mds.21430

Frontiers in Neurology | www.frontiersin.org

December 2021 | Volume 12 | Article 659805


https://doi.org/10.1097/YIC.0b013e32834aa924
https://doi.org/10.1002/mds.870130317
https://doi.org/10.1016/j.jns.2018.02.005
https://doi.org/10.1192/bjp.171.2.148
https://doi.org/10.4088/JCP.16r10832
https://doi.org/10.1001/archpsyc.1995.03950210050010
https://doi.org/10.1007/s10072-016-2771-y
https://doi.org/10.1016/0006-3223(95)00082-8
https://doi.org/10.1159/000477313
https://doi.org/10.1007/s40263-013-0079-5
https://doi.org/10.1097/00002826-198406000-00006
https://doi.org/10.1097/JCP.0000000000001114
https://doi.org/10.1186/s12888-020-02748-0
https://doi.org/10.1002/14651858.CD000459.pub3
https://doi.org/10.9758/cpn.2020.18.4.493
https://doi.org/10.5334/tohm.199
https://doi.org/10.1177/0706743719828968
https://doi.org/10.1002/14651858.CD000203.pub4
https://doi.org/10.1212/WNL.0000000000002370
https://doi.org/10.1016/j.brs.2018.08.006
https://doi.org/10.1016/j.jns.2018.02.013
https://doi.org/10.1212/WNL.0b013e31829d86b6
https://doi.org/10.1007/s13311-020-00914-6
https://doi.org/10.1212/WNL.0000000000007467
https://doi.org/10.5334/tohm.438
https://doi.org/10.1016/j.parkreldis.2020.08.031
https://doi.org/10.1001/archpsyc.1980.01780250054006
https://doi.org/10.1097/JCP.0000000000000344
https://doi.org/10.3390/ijms20092288
https://doi.org/10.1192/bjp.bp.107.048371
https://doi.org/10.1007/s40261-017-0598-9
https://doi.org/10.1016/S1474-4422(05)70250-7
https://doi.org/10.1097/WNF.0000000000000387
https://doi.org/10.1002/hup.2734
https://doi.org/10.4103/tcmj.tcmj_13_20
https://doi.org/10.1016/B978-0-12-411546-0.00016-0
https://doi.org/10.1007/s00415-016-8357-z
https://doi.org/10.1212/WNL.44.4.751
https://doi.org/10.1155/2017/4318450
https://doi.org/10.1002/mds.21430
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Méneret et al.

Treatable Hyperkinetic Movement Disorders

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

Asser A, Taba P. Psychostimulants and movement disorders. Front Neurol.
(2015) 6:75. doi: 10.3389/fneur.2015.00075

Meneret A, Roze E. Paroxysmal movement disorders: an update. Rev Neurol.
(2016) 172:433-45. doi: 10.1016/j.neurol.2016.07.005

Meneret A, Gaudebout C, Riant F, Vidailhet M, Depienne C, Roze E.
PRRT2 mutations and paroxysmal disorders. Eur ] Neurol. (2013) 20:872-8.
doi: 10.1111/ene.12104

Li E Lin Z, Hu Y, Li W, Xue C, Poonit ND. Lamotrigine monotherapy
for paroxysmal kinesigenic dyskinesia in children. Seizure. (2016) 37:41-4.
doi: 10.1016/j.seizure.2016.02.009

Matsuura R, Hamano S, Hiwatari E, Ikemoto S, Hirata Y, Koichihara R, et al.
Zonisamide therapy for patients with paroxysmal kinesigenic dyskinesia.
Pediatric Neurol. (2020) 111:23-6. doi: 10.1016/j.pediatrneurol.2020.06.017
Lees AJ, Hardie R], Stern GM. Kinesigenic foot dystonia as a presenting
feature of Parkinson’s disease. ] Neurol Neurosurg Psychiatry. (1984) 47:885.
doi: 10.1136/jnnp.47.8.885

Friedman JR, Meneret A, Chen DH, Trouillard O, Vidailhet M, Raskind
WH, et al. ADCY5 mutation carriers display pleiotropic paroxysmal day and
nighttime dyskinesias. Mov Dis. (2016) 31:147-8. doi: 10.1002/mds.26494
Méneret A, Gras D, McGovern E, Roze E. Caffeine and the dyskinesia
related to mutations in the ADCY5 gene. Ann Intern Med. (2019).
doi: 10.7326/L19-0038

Shetty K, Sarma AS, Devan M, Dalal A, Dash GK, Jannabhatla A,
et al
paroxysmal dyskinesias and video electroencephalography documentation
of dramatic response to caffeine treatment. ] Mov Disord. (2020) 13:238-40.
doi: 10.14802/jmd.20014

Gitiaux C, Roze E, Kinugawa K, Flamand-Rouviére C, Boddaert N,
Apartis E, et al. Spectrum of movement disorders associated with glutaric
aciduria type 1: a study of 16 patients. Mov Disord. (2008) 23:2392-7.
doi: 10.1002/mds.22313

Gras D, Roze E, Caillet S, Meneret A, Doummar D, Billette de Villemeur T,
et al. GLUT1 deficiency syndrome: an update. Rev Neurol. (2014) 170:91-9.
doi: 10.1016/j.neurol.2013.09.005

Delorme C, Giron C, Bendetowicz D, Méneret A, Mariani L-L, Roze E.
Current challenges in the pathophysiology, diagnosis, and treatment of
paroxysmal movement disorders. Expert Rev Neurother. (2021) 21:81-97.
doi: 10.1080/14737175.2021.1840978

Wang D, Pascual JM, De Vivo D. Glucose transporter type 1 deficiency
syndrome. In: Adam MP, Ardinger HH, Pagon RA, Wallace SE, Bean
L], Mirzaa G, et al., editors. GeneReviews®). Seattle, WA: University of
Washington, Seattle (2021).

Hainque E, Gras D, Meneret A, Atencio M, Luton M-P, Barbier M, et al.
Long-term follow-up in an open-label trial of triheptanoin in GLUT1
deficiency syndrome: a sustained dramatic effect. ] Neurol Neurosurg
Psychiatry. (2019) 90:1291-3. doi: 10.1136/jnnp-2018-320283

Mochel E Hainque E, Gras D, Adanyeguh IM, Caillet S, Heron B,
et al. Triheptanoin dramatically reduces paroxysmal motor disorder in
patients with GLUT1 deficiency. ] Neurol Neuro Psychiatry. (2016) 87:550-3.
doi: 10.1136/jnnp-2015-311475

Hainque E, Meneret A, Gras D, Atencio M, Luton M-P, Barbier M, et al.
Transition from ketogenic diet to triheptanoin in patients with GLUT1
deficiency syndrome. ] Neurol Neurosurg Psychiatry. (2020) 91:444-5.
doi: 10.1136/jnnp-2019-321694

Clot E Grabli D, Cazeneuve C, Roze E, Castelnau P, Chabrol B,
et al. Exhaustive analysis of BH4 and dopamine biosynthesis genes
in patients with Dopa-responsive dystonia. Brain. (2009) 132:1753-63.
doi: 10.1093/brain/awp084

Trender-Gerhard I, Sweeney MG, Schwingenschuh P, Mir P, Edwards
M]J, Gerhard A, et al. Autosomal-dominant GTPCHI1-deficient DRD:
clinical characteristics and long-term outcome of 34 patients. |
Neurol Neuro Psychiatry. (2009) 80:839-45. doi: 10.1136/jnnp.2008.
155861

Slow EJ, Lang AE. Oculogyric crises: a review of phenomenology,
etiology, pathogenesis, and treatment. Mov Disord. (2017) 32:193-202.
doi: 10.1002/mds.26910

Kojima K, Nakajima T, Taga N, Miyauchi A, Kato M, Matsumoto
A, et al. Gene therapy improves motor and mental function of

Recurrent ADCY5 mutation in mosaic form with nocturnal

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

aromatic l-amino acid decarboxylase deficiency. Brain. (2019) 142:322-33.
doi: 10.1093/brain/awy331

Barnerias C, Saudubray JM, Touati G, De Lonlay P, Dulac O, Ponsot
G, et al. Pyruvate dehydrogenase complex deficiency: four neurological
phenotypes with differing pathogenesis. Dev Med Child Neurol. (2010)
52:e1-9. doi: 10.1111/j.1469-8749.2009.03541.x

Friedman J, Feigenbaum A, Chuang N, Silhavy J, Gleeson JG.
Pyruvate dehydrogenase complex-E2 deficiency causes paroxysmal
exercise-induced dyskinesia. Neurology. (2017) 89:2297-8.
doi: 10.1212/WNL.0000000000004689

Pavlu-Pereira H, Silva MJ, Florindo C, Sequeira S, Ferreira AC, Duarte S, et al.
Pyruvate dehydrogenase complex deficiency: updating the clinical, metabolic
and mutational landscapes in a cohort of portuguese patients. Orphanet |
Rare Dis. (2020) 15:298. doi: 10.1186/513023-020-01586-3

Castiglioni C, Verrigni D, Okuma C, Diaz A, Alvarez K, Rizza
T, et al. Pyruvate dehydrogenase deficiency presenting as isolated
paroxysmal exercise induced dystonia successfully reversed with thiamine
supplementation. Case report and mini-review. Eur ] Paediatr Neurol. (2015)
19:497-503. doi: 10.1016/j.¢jpn.2015.04.008

McWilliam CA, Ridout CK, Brown RM, McWilliam RC, Tolmie J,
Brown GK. Pyruvate dehydrogenase E2 deficiency: a potentially treatable
cause of episodic dystonia. Eur ] Paediatric Neurol. (2010) 14:349-53.
doi: 10.1016/j.¢jpn.2009.11.001

Larson A, Goodman S. Glutaric acidemia type 1. In: Adam MP, Ardinger HH,
Pagon RA, Wallace SE, Bean L], Stephens K, editors. GeneReviews®. Seattle,
WA: University of Washington, Seattle (2020).

Ebrahimi-Fakhari D, Van Karnebeek C, Miinchau A. Movement disorders
in treatable inborn errors of metabolism. Mov Disord. (2019) 34:598-613.
doi: 10.1002/mds.27568

Boy N, Miihlhausen C, Maier EM, Heringer ], Assmann B, Burgard P,
et al. Proposed recommendations for diagnosing and managing individuals
with glutaric aciduria type I: second revision. J Inherit Metab Dis. (2017)
40:75-101. doi: 10.1007/s10545-016-9999-9

Grapp M, Just IA, Linnankivi T, Wolf P, Liicke T, Hiusler M, et al. Molecular
characterization of folate receptor 1 mutations delineates cerebral folate
transport deficiency. Brain. (2012) 135:2022-31. doi: 10.1093/brain/aws122
Delmelle F, Thony B, Clapuyt P, Blau N, Nassogne M-C. Neurological
improvement following intravenous high-dose folinic acid for cerebral folate
transporter deficiency caused by FOLR-1 mutation. Eur ] Paediatr Neurol.
(2016) 20:709-13. doi: 10.1016/j.ejpn.2016.05.021

Degos B, Nadjar Y, Amador Mdel M, Lamari E Sedel F Roze E,
et al. Natural history of cerebrotendinous xanthomatosis: a paediatric
disease diagnosed in adulthood. Orphanet ] Rare Dis. (2016) 11:41.
doi: 10.1186/513023-016-0419-x

Lagarde ], Roze E, Apartis E, Pothalil D, Sedel E, Couvert P, et al. Myoclonus
and dystonia in cerebrotendinous xanthomatosis. Mov Dis. (2012) 27:1805-
10. doi: 10.1002/mds.25206

Amador MDM, Masingue M, Debs R, Lamari F, Perlbarg V, Roze E, et al.
Treatment with chenodeoxycholic acid in cerebrotendinous xanthomatosis:
clinical, neurophysiological, and quantitative brain structural outcomes. J
Inherit Metab Dis. (2018) 41:799-807. doi: 10.1007/s10545-018-0162-7
Woimant E, Trocello JM. Disorders of heavy metals. Handbook Clin Neurol.
(2014) 120:851-64. doi: 10.1016/B978-0-7020-4087-0.00057-7

Poujois A, Woimant F. Challenges in the diagnosis of Wilson disease. Ann
Transl Med. (2019) 7:S67. doi: 10.21037/atm.2019.02.10

Poujois A, Sobesky R, Meissner WG, Brunet A-S, Broussolle E,
Laurencin C, et al. Liver transplantation as a rescue therapy for severe
neurologic forms of Wilson disease. Neurology. (2020) 94:e2189-202.
doi: 10.1212/WNL.0000000000009474

Sevin M, Lesca G, Baumann N, Millat G, Lyon-Caen O, Vanier MT, et al.
The adult form of niemann-pick disease type C. Brain. (2007) 130:120-33.
doi: 10.1093/brain/awl260

Mengel E, Klunemann HH, Lourenco CM, Hendriksz CJ, Sedel F
Walterfang M, et al. Niemann-Pick disease type C symptomatology:
an expert-based clinical description. Orphanet ] Rare Dis. (2013) 8:166.
doi: 10.1186/1750-1172-8-166

Patterson MC, Mengel E, Vanier MT, Moneuse P, Rosenberg D, Pineda M.
Treatment outcomes following continuous miglustat therapy in patients with

Frontiers in Neurology | www.frontiersin.org

December 2021 | Volume 12 | Article 659805


https://doi.org/10.3389/fneur.2015.00075
https://doi.org/10.1016/j.neurol.2016.07.005
https://doi.org/10.1111/ene.12104
https://doi.org/10.1016/j.seizure.2016.02.009
https://doi.org/10.1016/j.pediatrneurol.2020.06.017
https://doi.org/10.1136/jnnp.47.8.885
https://doi.org/10.1002/mds.26494
https://doi.org/10.7326/L19-0038
https://doi.org/10.14802/jmd.20014
https://doi.org/10.1002/mds.22313
https://doi.org/10.1016/j.neurol.2013.09.005
https://doi.org/10.1080/14737175.2021.1840978
https://doi.org/10.1136/jnnp-2018-320283
https://doi.org/10.1136/jnnp-2015-311475
https://doi.org/10.1136/jnnp-2019-321694
https://doi.org/10.1093/brain/awp084
https://doi.org/10.1136/jnnp.2008.155861
https://doi.org/10.1002/mds.26910
https://doi.org/10.1093/brain/awy331
https://doi.org/10.1111/j.1469-8749.2009.03541.x
https://doi.org/10.1212/WNL.0000000000004689
https://doi.org/10.1186/s13023-020-01586-3
https://doi.org/10.1016/j.ejpn.2015.04.008
https://doi.org/10.1016/j.ejpn.2009.11.001
https://doi.org/10.1002/mds.27568
https://doi.org/10.1007/s10545-016-9999-9
https://doi.org/10.1093/brain/aws122
https://doi.org/10.1016/j.ejpn.2016.05.021
https://doi.org/10.1186/s13023-016-0419-x
https://doi.org/10.1002/mds.25206
https://doi.org/10.1007/s10545-018-0162-7
https://doi.org/10.1016/B978-0-7020-4087-0.00057-7
https://doi.org/10.21037/atm.2019.02.10
https://doi.org/10.1212/WNL.0000000000009474
https://doi.org/10.1093/brain/awl260
https://doi.org/10.1186/1750-1172-8-166
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Méneret et al.

Treatable Hyperkinetic Movement Disorders

209.

210.

212.

213.

214.

215.

216.

217.

niemann-pick disease type C: a final report of the NPC registry. Orphanet |
Rare Dis. (2020) 15:104. doi: 10.1186/s13023-020-01363-2

Schuelke M. Ataxia with vitamin E deficiency. In: Pagon RA, Adam
MP, Ardinger HH, Wallace SE, Amemiya A, Bean LJH, et al, editors.
GeneReviews(R). Seattle, WA (1993-2021).

Becker AE, Vargas W, Pearson TS. Ataxia with vitamin E deficiency may
present with cervical dystonia. Tremor Other Hyperk Mov. (2016) 6:374.
doi: 10.5334/tohm.298

. Debs R, Depienne C, Rastetter A, Bellanger A, Degos B, Galanaud

D, et al. Biotin-responsive basal ganglia disease in ethnic Europeans
with novel SLC19A3 mutations. Arch Neurol. (2010) 67:126-30.
doi: 10.1001/archneurol.2009.293

Tabarki B, Al-Shafi S, Al-Shahwan S, Azmat Z, Al-Hashem A, Al-
Adwani N, et al. Biotin-responsive basal ganglia disease revisited:
clinical, radiologic, and genetic findings. Neurology. (2013) 80:261-7.
doi: 10.1212/WNL.0b013e31827deb4c

Distelmaier F, Haack TB, Wortmann SB, Mayr JA, Prokisch H. Treatable
mitochondrial diseases: cofactor metabolism and beyond. Brain. (2017)
140:e11. doi: 10.1093/brain/aww303

Riisch CT, Wortmann SB, Kovacs-Nagy R, Grehten P, Haberle J, Latal B,
et al. Thiamine pyrophosphokinase deficiency due to mutations in the TPK1
gene: a rare, treatable neurodegenerative disorder. Neuropediatrics. (2021)
52:126-32. doi: 10.1055/s-0040-1715628

Mignot C, Apartis E, Durr A, Marques Lourengo C, Charles P, Devos
D, et al. Phenotypic variability in ARCA2 and identification of a core
ataxic phenotype with slow progression. Orphanet ] Rare Dis. (2013) 8:173.
doi: 10.1186/1750-1172-8-173

Chang A, Ruiz-Lopez M, Slow E, Tarnopolsky M, Lang AE, Munhoz RP.
ADCK3-related coenzyme Q10 deficiency: a potentially treatable genetic
disease. Mov Disord Clin Pract. (2018) 5:635-9. doi: 10.1002/mdc3.1
2667

Quadri M, Federico A, Zhao T, Breedveld GJ, Battisti C, Delnooz C,
et al. Mutations in SLC30A10 cause parkinsonism and dystonia with
hypermanganesemia, polycythemia, and chronic liver disease. Am ] Human
Gen. (2012) 90:467-77. doi: 10.1016/j.ajhg.2012.01.017

218. Lambrianides S, Nicolaou P, Michaelidou M, Kakouris P, Votsi C, Petrou
PP, et al. A novel SLC30A10 missense variant associated with parkinsonism
and dystonia without hypermanganesemia. J Neurol Sci. (2020) 418:117101.
doi: 10.1016/j.jns.2020.117101

Tuschl K, Gregory A, Meyer E, Clayton PT, Hayflick SJ, Mills PB, et al.
SLC39A14 deficiency. In: Adam MP, Ardinger HH, Pagon RA, Wallace SE,
Bean L], Mirzaa G, et al., editors. GeneReviews®). Seattle, WA: University of
Washington, Seattle (2021).

Espay AJ, Aybek S, Carson A, Edwards M]J, Goldstein LH,
Hallett M, et al. Current concepts in diagnosis and treatment of
functional neurological disorders. JAMA Neurol. (2018) 75:1132-41.
doi: 10.1001/jamaneurol.2018.1264

LaFaver K, Lang AE, Stone ], Morgante F, Edwards M, Lidstone S,
et al. Opinions and clinical practices related to diagnosing and managing
functional (psychogenic) movement disorders: changes in the last decade.
Eur ] Neurol. (2020) 27:975-84. doi: 10.1111/ene.14200

219.

220.

221.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Méneret, Garcin, Frismand, Lannuzel, Mariani and Roze. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Neurology | www.frontiersin.org

21

December 2021 | Volume 12 | Article 659805


https://doi.org/10.1186/s13023-020-01363-2
https://doi.org/10.5334/tohm.298
https://doi.org/10.1001/archneurol.2009.293
https://doi.org/10.1212/WNL.0b013e31827deb4c
https://doi.org/10.1093/brain/aww303
https://doi.org/10.1055/s-0040-1715628
https://doi.org/10.1186/1750-1172-8-173
https://doi.org/10.1002/mdc3.12667
https://doi.org/10.1016/j.ajhg.2012.01.017
https://doi.org/10.1016/j.jns.2020.117101
https://doi.org/10.1001/jamaneurol.2018.1264
https://doi.org/10.1111/ene.14200
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Treatable Hyperkinetic Movement Disorders Not to Be Missed
	Autoimmune Diseases
	Antiphospholipid Syndrome/Systemic Lupus Erythematosus
	Autoimmune or Paraneoplastic Encephalitis
	Other Autoimmune Diseases

	Infectious Diseases
	Hyperkinetic Movement Disorders Due to Viral Infection of the Basal Ganglia
	Hyperkinetic Movement Disorders Due to Parasitic and Fungal Infections
	Hyperkinetic Movement Disorders Due to Bacterial Infections
	Whipple's Disease
	Neurosyphilis
	Others

	Parainfectious Hyperkinetic Syndromes

	Acute Metabolic Disorders
	Liver Disease
	Renal Disease
	Blood Sugar and Electrolyte Disturbances
	Polycythemia
	Others

	Drug-Induced Hyperkinetic Movement Disorders
	Neuroleptics, Dopamine Receptor Blocking Agents
	Antidepressants
	Lithium
	Anticonvulsants
	Dopamine Replacement Therapy
	Psychostimulants and Drugs of Abuse

	Genetic Diseases
	Paroxysmal Movement Disorders
	Paroxysmal Kinesigenic Dyskinesia
	Paroxysmal Exercise-Induced Dyskinesia
	ADCY5-Related Dyskinesia

	Neurometabolic Diseases
	GLUT1 Deficiency
	Dopa-Responsive Dystonia
	Pyruvate Dehydrogenase Deficiency
	Glutaric Aciduria Type 1
	Cerebral Folate Transport Deficiency
	Cerebrotendinous Xanthomatosis
	Wilson's Disease
	Niemann Pick Disease Type C
	Ataxia With Vitamin E Deficiency
	Biotin-Thiamine-Responsive Basal Ganglia Disease and Other Treatable Mitochondrial Disorders
	Dystonia/Parkinsonism, Hypermanganesemia, Polycythemia and Chronic Liver Disease


	Functional Hyperkinetic Movement Disorders
	Author Contributions
	References


