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Abstract Recent advances in medications and surgical ther-
apy for neurological disorders may offer new therapeutic
options for the treatment of myoclonus. Appropriate therapy
for myoclonus depends on the etiology, and in some cases,
myoclonus can improve when the provoking cause is elimi-
nated. When the underlying cause for the movements is not
immediately reversible, localization, disease pathophysiology,
and etiology may each play a role in determining the most
appropriate symptomatic treatment of disabling myoclonic
jerks. While the use of many agents is still based on small,
open-label case series and anecdotes, there is a growing body
of evidence from head-to-head comparative trials in several
types of myoclonus that may help guide therapy. New thera-
pies for refractory myoclonus, including sodium oxybate and
even deep brain stimulation, are also being explored with
increasing enthusiasm.
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Introduction

Myoclonus is a form of involuntary hyperkinetic movement
associated with various underlying etiologies and can impose
a considerable degree of disability. The movements are de-
fined as sudden, brief, lightening-like muscle jerks arising
from the nervous system [1]. These abnormal movements
may either be due to superimposedmuscle activation (positive
myoclonus) or brief periods of relaxation during sustained
posture (negative myoclonus). Each movement is brief and
typically monophasic, though repetitive movements can occur
and can even appear tremulous. Myoclonus is not uncommon,
but effective symptomatic treatment has been reported with
only a relatively small number of medications. Given the
limitations of traditional myoclonus treatments, novel and
more effective treatments are greatly needed. It is encouraging
that new pharmacologic agents and even surgical options have
recently been explored.

Classification of Myoclonus

Despite the heterogeneity of diseases or conditions that can
cause myoclonus, a relatively small list of treatments are
applied to treat the variety of myoclonus syndromes. It is rare
when a discrete cause can be identified and eliminated. How-
ever, a treatment approach based on the underlying etiology
and pathophysiology can increase the likelihood of successful
symptom control early in the treatment course.

The etiologic classification of myoclonus varies between
authors, but distinctions are usually given to (1) physiologic
myoclonus, (2) essential myoclonus, (3) epileptic myoclonus,
and (4) symptomatic/secondary myoclonus [2], with some con-
sidering physiologic, essential, and epileptic myoclonus as forms
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of “primary” myoclonus [3•]. In some cases, treatment of the
underlying etiology causing myoclonus is possible. To this end,
a thorough workup including history, physical exam, brain and
spine imaging (depending on physical exam), lab testing, CSF
analysis, and neurophysiologic studies can be pursued. Treat-
ment of the underlying etiology, such as with drug-induced or
paraneoplastic myoclonus, can allow symptomatic improve-
ment. On the other hand, establishing certain etiologic diagnoses
may deter one from symptomatic treatment when the risks of
medication outweigh the benefit of improvedmovement control.

Multiple classification schemes incorporating neurophysio-
logic localization have been proposed, each requiring a differ-
ent degree of neurophysiologic testing. Some authors advocate
that using a combination of EMG, EEG, somatosensory evoked
potential (SSEP), and EEG-EMG with back averaging can
localize myoclonus to five regions, each having different treat-
ment algorithms [4•]. Another treatment algorithm focuses
more on the neurophysiologic distinction between cortical
and subcortical/spinal myoclonus [3•]. In this article, we will
incorporate a brief description of each physiologic/clinical

classification and a treatment approach tailored to each physi-
ologic and/or clinical subtype of myoclonus (Fig. 1).

Treatment

Reversible Etiologies

Certain types of myoclonias may be secondary to potentially
reversible etiologies, such as mass effect (i.e., due to a lesion),
an inflammatory disorder, or ametabolic disturbance (Table 1).
The degree to which myoclonus improves with treatment of
the underlying condition varies depending on the etiology. For
instance, drug-induced myoclonus caused by opioids can
resolve completely, whereas myoclonus seen in Wilson’s dis-
ease may actually worsen with chelation therapy. Because of
the vast number of potentially reversible/treatable conditions
that can cause myoclonus, addressing the treatment for each of
these is beyond the scope of this review. Instead, we will focus
on the symptomatic treatment of myoclonus.

Fig. 1 Treatment suggestions for myoclonus based on anatomic, physi-
ologic, and etiologic classifications. Treatment options are ranked in
relative order of expected efficacy. If evidence exists, from top to bottom.

VPAvalproic acid, LEV levetiracetam, LTG lamotrigine, TPM topiramate,
BoTN botulinum toxin, TBZ tetrabenazine, CBZ carbamazepine, GBP
gabapentin
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Table 1 Potentially reversible causes of myoclonus and suggested diagnostic evaluation

Potentially reversible etiology Clinical signs or symptoms Evaluationa

Metabolic

Hyperthyroidism Grave’s ophthalmopathy, weight loss, palpitations TSH, fT4, fT3, anti-thyroperoxidase Ab,
anti-thyroglobulin Ab

Hepatic failure Jaundice, ascites, edema, encephalopathy, seizures 1. AST/ALT, bilirubin, protein, GGT

2. HAV, HBV, HCV, acetaminophen, alpha-1
antitrypsin, ammonia

Hyponatremia Encephalopathy, skin hyperpigmentation (Addison’s), fatigue Chemistry panel, ACTH challenge

Renal failure/dialysis syndrome Edema, blood pressure fluctuations, seizures, headache,
negative myoclonus

BUN, creatinine, eGFR, chemistry panel

Non-ketotic hyperglycemia Encephalopathy, hyponatremia Chemistry panel, anion gap, glucose level, osm

Toxin/drug induced Opiates—somnolence, hypoventilation, myosis Expanded drug screen, response to naloxone,
bismuth, SSRI plasma levelSSRI/MDMA—hyperthermia, seizures, rhabdomyolysis

GLUT1 deficiency Cognitive impairment, seizures, spasticity, ataxia, dystonia CSF glucose, CSF/blood glucose ratio, CSF
lactate, SLC2A1 mutation analysis

Infectious/postinfectiousb

Lyme Erythema migrans, arthralgias, cardiac issues Lyme IgG/IgM Ab, reflex western blot

Arboviruses Fever, headache, skin lesions, arthralgias, encephalopathy Testing based on region: WNV, VZV, measles,
St. Louis encephalitis, EBV, HIV, EEE,
WEE, HSV-1

Whipple’s disease Diarrhea, weight loss, edema, chest pain, skin
hyperpigmentation, “oculomasticatory myorhythmia,”
encephalopathy

Endoscopy with duodenal biopsy, PCR on CSF

Autoimmune non-paraneoplasticb

SREATc Encephalopathy, ataxia, cognitive changes, behavioral
changes, seizures, very sensitive to steroids

TSH, fT4, fT3, brain MRI, anti-thyroperoxidase
Ab, anti-thyroglobulin Ab

Celiac associated Ataxia, malabsorption syndrome Anti-gliadin Ab, anti-transglutaminase 6 Ab,
anti-transglutaminase 2 Ab

Opsoclonus-myoclonus Large-amplitude chaotic eye movements (synchronic),
cognitive/behavioral changes

If no cancer: Lyme Ab, VZVAb titers (CSF),
WNVAb titers (CSF), CSF or serum
paraneoplastic panel

Autoimmune paraneoplasticb

Opsoclonus-myoclonus Large-amplitude chaotic eye movements (synchronic),
cognitive/behavioral changes

1a. Child: abdominal exam and imaging

1a. Adult: breast imaging and anti-Ri antibody
in female, lung imaging in both sexes

2. CSF or serum paraneoplastic Ab panel

Subacute cerebellar
degeneration

Progressive ataxia, dysarthria, vertigo, diplopia CSF or serum anti-Ri Ab

Treatable storage/degenerative

Gaucher’s disease type I Bone disease, hepatosplenomegaly, anemia,
thrombocytopenia

1. X-rays, CBC glucocerebrosidase enzyme activity

2. GBA targeted mutation analysis OR sequencing

Biotinidase deficiency Seizures, ataxia, developmental delay, vision problems,
alopecia/rash

1. Biotinidase enzyme activity (stop if unambiguous)

2. BTD targeted mutation analysis OR sequencing

Friedreich ataxia
(investigational therapies)

Cardiomyopathy, areflexia, neuropathy, scoliosis, ataxia,
diabetes

FXN genetic testing for GAA expansion

Wilson’s disease Tremor, dystonia, hepatic failure, psychiatric symptoms,
KF rings

1. Ceruloplasmin, 24-h urine copper, slit lamp exam

2. ATP7B targeted mutation analysis OR sequencing

Vitamin E deficiency Ataxia, proprioceptive loss, areflexia, decreased vision 1. Alpha-tocopherol level

2. TTPA sequencing

Ataxia telangiectasia
(IVIg for immunodeficiency)

Gait and truncal ataxia, chorea, telangiectasias, frequent
infections, dysarthria, oculomotor apraxia

1. AFP level, immunoblot for ATM protein

2. ATM gene targeted mutation analysis

3. ATM sequencing
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Symptomatic Treatment Guideline

Treatment of myoclonus is guided by the specific type of
myoclonus, as classified by clinical findings and lab testing
(etiology), and neurophysiologic characterization. Medica-
tions commonly used in the treatment of myoclonus, includ-
ing mechanism of action, dosage, and side effects, are de-
scribed in Table 2. Using the anatomic localization and neu-
rophysiologic classification as a general outline for a treatment
algorithm (Fig. 1), we have incorporated clinical findings such
as triggers and underlying etiology to further tailor therapeutic
recommendations. It is assumed that treatment would only be
initiated after or in tandem with a workup for potentially
reversible causes of myoclonus, with appropriate therapy
applied for any conditions found. Recommended agents for
each myoclonus classification (Fig. 1) are based on what
evidence for efficacy exists and, in some cases, on a history
of anecdotal experience.

Cortical Myoclonus

Clinically, cortical myoclonus is typically arrhythmic, frequent-
ly associated with action or can be stimulus sensitive (reflex
myoclonus), and often involves the face or distal extremities.
The movements are often multifocal due to intra- and inter-
hemispheric spread [5], and polyminimyoclonus can also be
seen with cortical origin. Electrophysiology shows multifocal
surface EMG potentials of short duration (20–70 ms) and a
focal, time-locked cortical discharge on EEG-EMG back aver-
aging that precedes the EMGactivity by less than 40ms (for the
arm) and is of smaller amplitude than that which is seen with
focal epileptiform transients. “Giant” SSEPs can also support
this diagnosis, but are not always present.

Cortical myoclonus is the most common type of myoclo-
nus and can be either primary or secondary. Possible causes
can include cortical neurodegeneration such as Creutzfeldt-
Jacob disease, Huntington’s disease [6], or corticobasal

Table 1 (continued)

Potentially reversible etiology Clinical signs or symptoms Evaluationa

Focal lesion

Spinal tumor/lesion Myelopathy signs (sensory loss, weakness, sensory
ataxia, sphincter dysfunction), systemic symptoms
(fevers, malaise, myalgias)

MRI C- or T-spine based on exam localization,
CSF with IgG index, OCB’s, cell count, protein,
viral Ab titers

Brainstem lesion Bulbar signs, palatal myoclonus, eye movement
abnormalities, Holmes tremor

MRI brain with contrast, CSF with IgG index,
OCB’s, cell count, protein, viral Ab titers

a Brain MRI with contrast is recommended as part of workup for most etiologies here
b Lumbar puncture with at least cell count, protein, oligoclonal bands, IgG index recommended. Suggested evaluations are divided into first-pass
evaluation (1) and second-line testing (2, 3) to be done if (1) is positive but needing clarification, ambiguous, or negative, but there is high clinical
suspicion
c Steroid responsive encephalopathy associated with autoimmune thyroiditis

Table 2 Medications commonly used in the treatment of myoclonus

Medication Mechanism Common dose Side effects

Clonazepam Increases GABA signaling. Effects serotonergic system Up to 5 mg daily. Rarely
up to 12 mg [96]

Tolerance, habituation, addiction, sedation,
cognitive impairment

Sodium oxybate Agonist at GHB and GABA-B receptors; also affects
DA, NE, and opioidergic [97]

3–9 mg/day [98••] Sedation, drug of abuse (less than previously
thought [99])

Valproic acid Inhibits NMDA activity [100], limits voltage-dependent
ion channels [101], inhibits GHB release [102]

1000–1500 mg/day Hepatotoxicity, Reye-like syndrome,
agranulocytosis, aplastic anemia, multiple
drug interactions, weight gain, tremor,
hair loss [103]

Piracetam/
levitreracetam

Binds SV2A receptor [104], but does not bind GABA
or glutamate receptors.

1000 to 3000 mg daily Behavioral changes (less common than
thought [105])

Brivaracetam 15–30 fold higher affinity for SV2A receptor [106] N/A Similar to levetiracetam but unknown

Zonisamide Regulates fast inactivation threshold of voltage-dependent
Na+ channels. Acts on T-type calcium channels, DA,
5-HT, and Ach metabolism [107]

100 mg BID for seizures Metabolic acidosis, nephrolithiasis,
idiosyncratic rash, paresthesias, dizziness

Topiramate Na+ and Ca2+ channel blockade. AMPA/Kainate receptor
blockade. GABA-A receptor binding [108]

75–100+mg BID Metabolic acidosis, nephrolithiasis, cognitive
dysfunction, osteoporosis, weight loss,
rash, paresthesias

512, Page 4 of 11 Curr Neurol Neurosci Rep (2015) 15:512



syndrome; infectious entities like subacute sclerosing
panencephalitis (SSPE) following measles or herpes infection,
brain injury such as posthypoxic (Lance-Adams) myoclonus;
and progressive myoclonic epilepsies (Unverricht-Lundborg,
Lafora body disease, MERRF, etc.). Cortical myoclonus is
unique in its responsiveness to traditional antiepileptic agents
because these medications address the cortical hyperexcitabil-
ity and excessive discharge that is present in cortical
myoclonus.

Valproic acid (VPA) has been found to be beneficial in
cortical myoclonus [7, 8], with many of these patients having
posthypoxic myoclonus. A series of eight Huntington disease
patients with predominantly myoclonic movements showed a
dose-dependent reduction in UHDRS by an average of 13
points [9]. Because of familiarity among neurologist with this
medication, it is frequently used for myoclonus irrespective of
the quality of supporting evidence.

Piracetam [10] was shown to be superior to placebo for
treating myoclonus in a double-blind, randomized, controlled
trial [11]. In an observational study of 40 patients with cortical
myoclonus of various etiologies, 16 improved clinically with
the addition of piracetam, though only two showed a “dramat-
ic” effect [12]. A related compound, levetiracetam, has also
been shown to be effective [13, 14] and can be helpful in
treating progressive myoclonic epilepsies (PMEs) such as
Unverricht-Lundborg disease [15]. It may even be helpful in
cortical myoclonus related to neurodegenerative diseases such
as corticobasal syndrome [16, 17••] or spinocerebellar ataxia
[18].

Brivaracetam now has phase III trial data showing benefit
over placebo for adjunctive treatment of epilepsy [19••].
Though there is little support specifically for the treatment of
myoclonus in humans, it showed efficacy in a rat model of
posthypoxic myoclonus [20].

Overall, the piracetam-related agents are a reasonable se-
lection as a first-line treatment for cortical myoclonus given
the low side-effect profile and low likelihood of drug interac-
tions with the frequent need for polypharmacy to treat cortical
myoclonus. Due to presumed differences between piracetam
and levetiracetam, some clinicians suggest that a trial of the
former should be considered even after suboptimal treatment
outcomes with levetiracetam (Dr. Mark Hallett, personal
communication).

Clonazepam was reported as effective for myoclonus in a
small series of three posthypoxic patients and two patients
with a neurodegenerative disease [21]. It also showed some
efficacy when used in combination therapy for severe action
myoclonus of various etiologies [22]. Due to sedation at
higher doses, it is commonly used in combination therapy.

When zonisamide was added to the treatment regimen for
myoclonus for seven Unverricht-Lundborg disease and one
Lafora body disease patients, it produced improvement in
myoclonus, though only sustained for 2–3 years in three of

the patients [23]. Zonisamide also provided a “striking” effect
on myoclonus in two siblings with Lafora body disease [24].
Topiramate has also shown some efficacy in PMEs when used
as add-on therapy [25].

Other antiepileptic drugs (AEDs) with sodium channel
blockade, classically carbamazepine and phenytoin, are re-
ported to be less helpful and even worsen cortical myoclonus
in some patients. However, a small series of successful use of
phenytoin for status epilepticus in patients with PMEs did not
find worsening of myoclonus, contrary to expectations of the
treating team [26]. Lamotrigine, while possibly useful in
cortical-subcortical myoclonus, was found to worsen cortical
myoclonus in three of five Unverricht-Lundborg disease pa-
tients [27] and one boy with benign epilepsy with centro-
temporal spikes [28].

Sodium oxybate has been effective for treatment in alcohol-
responsive myoclonus as shown in a single-blind trial includ-
ing patients with posthypoxic myoclonus (six), myoclonus-
dystonia (three), and progressive myoclonic epilepsies (two)
[29].

Surgical treatments of cortical myoclonus are not well
established. Most functional brain surgery currently targets
deep brain targets, and as such, cortical myoclonus has not
frequently been treated surgically. There is one case report of
successful reduction of myoclonus with thalamic deep brain
stimulation (DBS) in a man with hypotonia and action myoc-
lonus related to a history of perinatal hypoxia. However, given
his history of perinatal ischemia, his myoclonus was of un-
clear neurophysiologic classification (no EEG was reported)
and could have a subcortical origin [30]. DBS targeting the
globus pallidus reduced the Unified Myoclonus Rating Scale
(UMRS) section 4 score (with action) from 52 to 15 in one
adult patient with Lance-Adams syndrome, though medica-
tions were still required [31•] and cortical myoclonus was not
proven with EEG-EMG back averaging. It is also notable that
prior to his cardiac arrest, this patient had a right putaminal
hemorrhage, though myoclonus only developed after the ar-
rest and was ipsilateral to the hemorrhage. Overall, there is
little evidence supporting stimulation of deep brain structures
in cortical myoclonus, nor is there a consensus or even a solid
mechanistic rationale for implantation of deep brain targets.

Cortical-Subcortical Myoclonus

Cortical-subcortical myoclonus mainly consists of specific
types of epileptic myoclonias, which involve generalized my-
oclonus in the setting of generalized epilepsy or myoclonic
seizures, though all epileptic myoclonias are not cortical-
subcortical (i.e., progressive myoclonic epilepsies and
epilepsia partialis continua are purely cortical). As with sei-
zures, myoclonic discharges are associated with a 3-Hz gen-
eralized spike-wave complex and show simultaneous bilateral
onset related to excessive oscillatory activity in direct
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connections between the cortex and subcortical nuclei [32].
The surface EMG discharges may be slightly longer than in
cortical myoclonus.

The myoclonus that occurs in generalized epilepsies such as
juvenile myoclonic epilepsy (JME) and childhood absence ep-
ilepsy (CAE) are classic examples of diseases where cortical-
subcortical myoclonus is present. The EEG findings mentioned
above often correlate with upper torso and head myoclonus,
possibly with limb involvement. In CAE, myoclonic move-
ments can occur during or at the end of a brief interruption in
consciousness, and the lack of a postictal period is classic.

Cortical-subcortical myoclonus is typically treated with
agents that are effective in treating the seizures in these syn-
dromes; thus, treatment is often selected based on the epilepsy
syndrome. To our knowledge, no reports of surgical treatment
for cortical-subcortical myoclonus have been published.

JME is usually treated with VPA as the first line [33],
though few data directly describe the effect on myoclonus
[34]. While the Marson et al. study showed that VPA was
more effective than lamotrigine, a more recent unblinded,
randomized, controlled trial of adults with JME showed a
slight superiority of lamotrigine over VPA in the amount of
seizure-free time after initiation, with only half as many ad-
verse events in the lamotrigine group [35]. Another study
suggests that lamotrigine is more effective in JME without
generalized tonic-clonic seizures and in those whose diagnosis
was delayed [36]. However, there are also reports of
lamotrigine worsening myoclonic seizures in JME [37, 38].
Levetiracetam [39, 40] and topiramate [41] also have some
efficacy in reducing myoclonic seizures in JME. Myoclonic
absences in variants of CAE are also responsive to medica-
tions that treat typical absences. A recent double-blind, ran-
domized, controlled trial including 446 children showed that
ethosuximide and VPA are equally effective as initial mono-
therapies in CAE, though the discontinuation rate due to side
effects was higher with VPA [42].

Subcortical-Nonsegmental Myoclonus

Subcortical-nonsegmental myoclonus represents a heteroge-
neous group of myoclonic syndromes that lack the cortical
electrophysiologic findings of cortical myoclonus and are not
associated with rapid cortico-thalamic coupling as in the case
of epileptic myoclonus. Cortical physiology does not show
time-locked cortical spikes on EEG-EMG back averaging, nor
are giant SSEPs present. Successive activation of EMG sig-
nals in a pattern descending or ascending from a subcortical
origin can be seen [43]. The involved circuitry, and thus
clinical symptoms, do not typically localize to a specific
segment of the brain or spinal cord as in segmental myoclo-
nus. In many cases, subcortical-nonsegmental myoclonus is
assumed depending on the clinical syndrome and lack of other
neurophysiologic findings.

Several specific clinical myoclonus syndromes fit into this
category. Propriospinal myoclonus is generated in the spinal
cord but propagates beyond a specific segment and can cause
flexor jerks of the trunk, hips, and cervical region that are
often repetitive [32] when the pattern of spreading activity
includes these myotomes. More recently, it has been
established that a large subset of these patients are increasingly
recognized as psychogenic [44, 45•]. However, recent evi-
dence shows that while traditional MRI may only show a
spinal abnormality in 30 % of patients, 100 % of patients
showed abnormalities in diffusion tensor fiber tracking [46•].
Myoclonus-dystonia syndrome (SGCEmutation, DYT11) not
only involves the basal ganglia but also has a cortical compo-
nent. So while it is typically included in subcortical-
nonsegmental myoclonias, the physiology is an area of ongo-
ing research and debate. Myoclonus-dystonia usually presents
with upper limb and neck myoclonus with at least 50 % of
patients also having focal or segmental dystonia. Retic-
ular (brainstem) reflex myoclonus is generalized and
may present as an exaggerated startle reflex triggered
by axial somatosensory input, sometimes associated with
metabolic or toxic insults such as hypoxia [47] or
uremia. Opsoclonus-myoclonus ataxia syndrome is often
associated with a paraneoplastic syndrome from neuro-
blastoma in children, though more commonly associated
with an infectious (VZV, Lyme, West Nile), postinfections
(EBV, Coxsackie), or autoimmune (anti-MNDA, anti-GAD)
etiology in adults [48].

Subcortical-nonsegmental myoclonic syndromes are un-
likely to respond to classic AEDs, and while theymay respond
to GABAergic medications such as clonazepam, they fre-
quently have syndrome-specific treatments as well.

Propriospinal myoclonus is symptomatically treated with
clonazepam, though both zonisamide and levetiracetam have
helped even in some patients unresponsive to clonazepam
[46•]. When associated with a spinal cord lesion [49] or
irritation [50, 51], myoclonus can improve from reversal of
the underlying lesion or exposure. The possibility of psycho-
genic propriospinal myoclonus complicates the interpretation
of open-label case reports and series claiming successful
treatment. External electrical stimulation (TENS unit treat-
ment) has been reported to improve propriospinal myoclonus
in two cases [52], but physiologically confirmed psychogenic
propriospinal myoclonus also improved with TENS treatment
[53].

Myoclonus-dystonia syndrome (MD) usually responds
markedly to alcohol, while treatment with GABAergic med-
ications such as clonazepam provides a less robust effect [54].
Sodium oxybate improved rest, stimulus-sensitive, and action
myoclonus in an open-label trial with 20 MD patients [29],
though side effects were not uncommon. In a series of 12 MD
patients, 2 patients responded well to 5-hydroxytryptophan
[55], but authors note that this should be used with a dopamine
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decarboxylase inhibitor to prevent side effects associated with
the peripheral conversion to serotonin.

Successful treatment of both myoclonus and dystonia has
been reported with deep brain stimulation targeting either the
ventral intermediate (Vim) thalamus [56, 57] or the globus
pallidus internus (GPi) [58–60] (reviewed [61]). Gruber et al.
showed a sustained reduction in the UMRS after an average of
5 years with stimulation of the VIM (38% improvement), GPi
(39 % improvement), or both targets (58 % improvement)
[60]. In an attempt to determine the most effective DBS target
in MD, Rughani and Lozano compared the efficacy of Vim
and GPi stimulation in a systematic review including 17 case
reports and series. While 100 % of patients showed at least
some improvement in myoclonus and myoclonus improved
more than dystonia (72.6 vs. 52.6 %), there was not a statis-
tically significant difference in outcome based on target [62••].
Given the expanding phenotypic spectrum which also in-
cludes psychiatric disease [63, 64], more research is warranted
in this promising field with attention paid to motor and non-
motor outcomes. Interestingly, a 17-year-old MD patient re-
cently underwent bilateral GPi DBS and experienced an 89 %
improvement in myoclonus score, 83 % in reduction in dys-
tonia score, and improvement in quality of life and emotional
well-being, suggesting a possible link between early motoric
disability and the depression/anxiety commonly seen [65•].
Overall, there is optimism about the use of DBS for myoclo-
nus-dystonia, but with the risk of enhanced placebo and
“nocebo” effect in open-label series, sham-controlled trials
are needed.

Opsoclonus-myoclonus syndrome (OMS) treatment is fre-
quently directed at the underlying paraneoplastic or inflam-
matory etiology. In a series of patients with paraneoplastic
OMS, four of six patients with small cell lung cancer im-
proved after partial or complete response to SLCL treatment,
while two cases with breast cancer showed improvement in
OMS [66]. In patients with idiopathic OMS, six out of ten
patients were asymptomatic after treatment with corticoste-
roids (two), intravenous immunoglobulin (IVIg) (two), or no
immunotherapy, though three who received IVIg were left
with mild truncal ataxia [66]. Combined immunotherapy in-
volving B cell depletion (rituximab) with ACTH and IVIg
provided complete resolution of opsoclonus and myoclonus,
with a slower improvement in gait ataxia in 12 children (two
neuroblastomas) [67]. More recently, newer biologic therapies
such as ofatumumab have been successful in treating
paraneoplastic OMS [68•]. Successful symptomatic treatment
of OMS with clonazepam has been reported in small series
[69, 70].

Brainstem myoclonus is rare and can be difficult to treat.
Reticular reflex myoclonus secondary to hypoxia or uremia
may improve if the offending insult can be reversed. Symp-
tomatic treatment with clonazepam [71] or 5-HTP [72] has
been reported.

Segmental Myoclonus

Jerks limited to the muscles of affected and adjacent myotomes
related to spinal or brainstemmyoclonic generators are common-
ly termed segmental myoclonus. There is frequently a patholog-
ical lesion either in the brainstem or spinal cord, but there are
“essential” forms with no evidence of tissue damage. The phe-
nomenology shows myoclonus in a restricted region, and the
jerks are usually not modified by stimuli but are often continuous
and rhythmic [73]. Traditionally, segmental myoclonus was used
synonymously with spinal segmental myoclonus, though the
myotome involved in segmental myoclonus can be cranial/
branchial as in the case of palatal (brainstem) myoclonus.

Palatal myoclonus, nowmore frequently referred to as palatal
tremor [74], may have several forms depending on the presence
of a lesion (symptomatic palatal tremor) and the degree of
volitional control given that an increasing amount of essential
palatal tremor is found to be psychogenic [75•]. Segmental
spinal myoclonus is usually related to spinal cord pathology,
with etiologies ranging from spinal cord injury to herpes mye-
litis to demyelinating disease [76] and usually consists of rhyth-
mic movements in the affected spinal segment [73].

Because it is limited to one segment, spinal segmental
myoclonus can often be treated with targeted botulinum toxin
injections [77, 78]. Oral therapy for spinal segmental myoc-
lonus often targets the GABAergic system, and in one series,
clonazepam provided a marked or complete benefit in nine
patients [76]. Levetiracetam showed some benefit in a small
series of patients with spinal epidural compression, transverse
myelitis, and zoster myelitis [79]. Tetrabenazine even im-
proved spinal myoclonic jerking in two patients [76]. Intra-
thecal baclofen resolved spinal segmental myoclonus in a
report of two patients [80].

Palatal myoclonus (or tremor) can also be treated locally
with botulinum toxin injections [81, 82]. This is usually per-
formed by an experienced otolaryngologist, and a movement
disorder neurologist may be involved for EMG guidance. Oral
medication treatment strategies vary, and a pubmed.gov search
yields case reports of agents ranging from clonazepam to
tetrabenazine [76] to sumatriptan [83] for essential palatal
myoclonus. More evidence exists for a modest benefit from
trihexyphenidyl [84] and clonazepam [85]. Three patients with
bothersome ear clicking were cured by stapedial and tensor
tympani tendon section [86], though it is unclear if this “middle
ear myoclonus” has the same pathophysiologic underpinnings
as the ear-clicking in palatal myoclonus.

Peripheral Myoclonus

Peripheral myoclonus presents as focal jerks that are intermit-
tent, semi-rhythmic, or rhythmic in the distribution of a pe-
ripheral nerve root or nerve, indicating origin at the level of the
nerve involved. EMG shows a high degree of variability in
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discharges with normal SSEPs and no back-averaged EEG
transients [32]. Themost common type of peripheral myoclonus
is hemifacial spasm. While “essential” hemifacial spasm is
typically attributed to vascular compression of the seventh cra-
nial nerve root, contact between a vessel and the nerve root can
be seen in up to 25% of normal controls [87], which suggests an
underlying hyperexcitability possibly mediated by antidromic
firing of the nerve secondary to this compression [88].

Hemifacial spasm improves with botulinum toxin in up to
84 % of patients [89]. Our experience is that of a robust
response, with usually a subjective improvement of 80 % or
more after tailoring the dose and pattern appropriately. Oral
medications, typically an antiepileptic such as carbamazepine
[90], are tried but show limited benefit. Gabapentin showed a
“clinically significant” reduction in facial spasms in 70 % of
patients in an open-label trial [91]. Microvascular decompres-
sion has been reported as highly effective, though patients are
at risk for surgical complications and a recurrence rate of up to
20 % [92]. Currently, this option is mainly explored when
neurotoxin injections are deemed ineffective or if complica-
tions such as significant facial weakness develop.

Psychogenic Myoclonus

Psychogenic (or functional) movement disorders (PMDs) fre-
quently present with jerks and can be challenging to distinguish
from “organic”myoclonic jerks in the absence of other signs of
a PMD. Both palatal myoclonus [75•] (or essential palatal
tremor) and propriospinal myoclonus [44, 45•] are increasingly
recognized as having a psychogenic etiology. It is important to
recognize that the presence of a PMD does not exclude the
presence of a comorbid “organic”movement disorder, the latter
of which may require further evaluation and a different treat-
ment. Physiology markers of PMDs do exist [93], and neuro-
physiologic testingmay be helpful if the diagnosis is in question.
Once other causes of abnormal movements have been ruled out,
a definitive diagnosis of PMD should be made. As in the case of
other PMDs, treatment has traditionally included serial visits
with a neurologist, occupational and physical therapy, biofeed-
back, and possibly psychotherapy to identify psychological
triggers [94], though the effectiveness of psychotherapy over
routine medical follow-up has now been questioned [95••] in
psychogenic movement disorders. In our experience, definitive
diagnosis by a movement disorder specialist and serial follow-
up with a neurologist, in parallel with other treatments or ther-
apies, offers the highest potential for a good outcome.

Conclusions

Myoclonus encompasses a heterogeneous group of disorders
and clinical manifestations, so the diversity of treatments for

myoclonus is unsurprising. Etiology-specific and curative
treatments are rare, and research to establish effective symp-
tomatic therapies has been slowmainly because of the rarity of
individual myoclonus syndromes. While no treatment break-
throughs occurred in myoclonias, this review of recent devel-
opments and available evidence aims to help clinicians with
the selection of best therapy options for their myoclonus
patients. Our ability to make a more accurate diagnosis has
expanded, as evidenced by the increased detection of psycho-
genic myoclonus, the expanded use of genetic testing for
“essential” myoclonus, and the use of physiology studies to
localize myoclonus. These advances should lead to etiology-
specific therapies and may help to define homogenous patient
groups in which to validate new therapies such as sodium
oxybate and explore the use of brivaracetam.
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