Subject Review
Myoclonus
JOHN

N.

CAVINESS,

M.D.

Myoclonus is defined as sudden, brief, shocklike, involuntary movements caused by muscular contractions or inhibitions. Myoclonic movements have now
been recognized to have many possible variants and
pathophysiologic features. Myoclonus may arise from
several sites within the neuraxis, of which the cortex
and brain stem reticular formation are the most common. An etiologic classification scheme and electrodiagnostic tests are useful for clinical purposes.
Therapy is limited and usually involves symptomatic
treatment with valproic acid or c1onazepam. Careful

attention to the basic characteristics of the movement appearance, the clinical circumstances in which
the myoclonus occurs, and the results of the electrodiagnostic assessment techniques provide a basis for
identifying the syndrome in which the myoclonus
occurs.
(Mayo Clin Proc 1996; 71:679-688)
eNS = central nervous system; EEG = electroencephalogram;
EMG
electromyographic; GABA y-aminobutyric acid; 5-

=

HTP = 5-hydroxytryptophan; PME
epilepsy

In 1878, Friedreich I used the term "paramyoklonus multiplex" to describe the abnormal jerking movements of one of
his patients.' He described them as quick multifocal muscle
jerks involving the patient's entire body, which seemingly
occurred independent of each other. Friedreich posited that
these abnormal movements should be distinguished from
epilepsy, inasmuch as it occurred in different clinical circumstances. Today, the use of the abbreviated term
"myoclonus" is more generic than Friedreich intended, and it
is used in many disorders, even in epilepsy.
A currently favored definition of myoclonus is sudden,
brief, shocklike, involuntary movements caused by muscular
contractions (positive myoclonus) or inhibitions (negative
myoclonus)." With use of this definition, "muscular inhibitions," which often resemble asterixis, are part of the rubric
of myoclonus.' Although some definitions state that
myoclonus arises from the central nervous system (eNS),
this aspect of the definition is best omitted because
myoclonus has been described with peripheral lesions.>?
"Myoclonus" is a term that is meant to be primarily descriptive. It is not a diagnosis and is nonspecific relative to the
cause of the disorder in which it occurs as well as to its
neuroanatomic source and pathogenesis.
Despite its nonspecific nature, myoclonus is a useful sign
for physicians who understand its clinical significance. The
presence of myoclonus often has strong implications for the
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diagnosis, prognosis, and treatment of the underlying disorder. Therefore, the purpose of this article is to present an
approach in which current knowledge of myoclonus and its
variants can be used to enhance clinical practice.

PHYSIOLOGIC CHARACTERISTICS AND
CLINICAL IDENTIFICATION OF MYOCLONUS
Identifying the myoclonic jerk is the initial clinical goal.
The appearance of the abnormal movement patterns of
myoclonus can be appreciated by examining the electromyographic (EMG) discharge patterns. An EMG burst from the
wrist flexor muscle group in a normal subject is shown in
Figure I A; EMG was performed as quickly and briefly as
possible. An EMG burst from the wrist flexor muscle group
during myoclonus of the wrist in a patient is shown in Figure
I B. This myoclonic burst was brief (less than 100 ms) and
was produced by an abnormal hypersynchronous recruitment of multiple motor units. The normal burst (Fig. I A)
has a longer duration and a more gradual crescendo and
decrescendo pattern of motor unit activity in comparison
with the abnormal burst (Fig. 1 B). The excessively rapid
recruitment of motor unit activity, the brief duration, and, to
a lesser extent, the amplitude of the EMG discharge make
myoclonus appear abnormally quick. The spatial and temporal patterns of the agonist -antagonist muscle relationships
also influence the appearance of movements. EMG discharge durations up to 200 ms and occasionally longer can
produce the appearance of a "shocklike" involuntary
myoclonic movement, and no clear boundary exists between
myoclonus and slightly slower movements that appear as a
muscle jerk but are not quick enough to be myoclonus. In
© 1996 Mayo Foundation for Medical Education and Research
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Fig. 1. Electromyographic bursts from wrist flexor muscle group. A, In normal subject,
electromyography was performed as quickly and briefly as possible. B, In patient,
during myoclonus of wrist.

borderline cases, movement disorder experts often disagree
on whether the term "myoclonus" is being properly applied.
Examples of other abnormal movements that are quick
enough to be occasionally confused with myoclonus are tics,
startle reflexes, chorea, dystonia, tremor, and fasciculations.
Simple motor tics are brief jerks involving a single group of
muscles, which can be virtually indistinguishable from
myoclonus on the basis of appearance only. The relief of the
inner urge to perform tics and their relative suppressibility
distinguish them from myoclonus. Complex tics involve
sequences of movements that persist far too long to be confused with myoclonus. An exaggerated startle response is a
quick jerk involving the face, head, neck, and, sometimes,
the proximal limbs. Although myoclonus may occasionally
be triggered by startle, usually it is elicited by other stimuli
or is spontaneous. Chorea is defined as unsustained and
nonstereotyped movements of variably changing speed that
seemingly flow from one muscle group to another. In contrast, myoclonic movements are stereotyped in both direction and speed. Dystonia is a syndrome of excessive muscle
contractions, which frequently cause twisting and repetitive
movements, or abnormal postures. Quick movements can
occur in dystonia, but their association with slower movements or postures distinguishes them from myoclonus. The
movements of tremor appear as a rhythmic and sinusoidal
oscillation of one body part in relationship to another.
Myoclonus can be rhythmic, but the movement form resembles the appearance of a "square wave" temporal pattern,

with a distinguishable interval between each movement. 8
Fasciculations appear as muscle twitches and result from
spontaneous firing of motor units or bundles of muscle fibers, usually in the setting of peripheral nerve disease. These
small movements do not result in the movement of a whole
muscle as does myoclonus.

CLINICAL DIAGNOSTIC APPROACH
TO MYOCLONUS
The best strategy for using the symptom of myoclonus in the
diagnosis of its underlying disorder is to view it within the
context of the total clinical picture. Information obtained
from the history and physical examination is no more important than the characterization of the associated clinical features. Aspects of the patient's history that aid in the diagnosis include history of drug or toxin exposure, history of
seizures, past or current medical problems, and family history. Besides delineating the muscle groups involved, the
examination should reveal the distribution of the myoclonus
as focal, multifocal, segmental, or generalized. The temporal pattern may be sporadic or repetitive, with irregular or
rhythmic timing. The activation of the myoclonus may be at
rest (spontaneous), induced by stimuli (reflex myoclonus),
or induced by voluntary movement (action myoclonus) (or
some combination of these factors)." Any combination of
general somatic afferent, visual, auditory, or startle stimuli
may elicit myoclonus. A thorough evaluation of other neurologic findings, including cognitive dysfunction, ataxia,
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and parkinsonism, as well as other examination findings is
crucial for determining the underlying disorder.
Because myoclonus is a nonspecific finding, an organized
framework for the diagnosis of the underlying disorder is
necessary. Marsden and associates" proposed a classification system of myoclonus based on etiologic factors. This
scheme was updated in a major monograph on myoclonus
(Table 1).3 The major categories of myoclonus are as follows: physiologic, essential, epileptic, and symptomatic
(secondary). Each of the major categories is associated with
different clinical circumstances. The initial task is to determine which major category reflects the circumstances of the
patient.
Physiologic myoclonus occurs in normal people. This
has minimal or no associated disability, and a physical
examination shows normal findings and no additional
pathologic conditions. Thus, the key to identifying physiologic myoclonus is to recognize that the jerk, based on
clinical history, is a normal phenomenon. Essential
myoclonus is clinically significant and usually easily elicited
on examination, but otherwise it has minimal or no other
important pathologic features. Thus, the myoclonus is an
isolated or "essential" phenomenon, but the patient usually
experiences some disability. Essential myoclonus is idiopathic and progresses slowly or not at all. Epileptic
myoclonus refers to the presence of myoclonus in the setting
of epilepsy-that is, a chronic seizure disorder. Myoclonus
can occur as only one component of a seizure, the only
seizure manifestation, or one of multiple seizure types within
an epileptic syndrome. Seizures usually dominate the clinical picture in epileptic myoclonus, and the disorder is generally idiopathic. The presence of associated seizure manifestations such as lapses in consciousness and epileptiform
abnormalities on an electroencephalogram (EEG) can help
to clarify the underlying epileptic syndrome. The
myoclonus in epileptic syndromes is presumed to be of
cortical origin. Symptomatic myoclonus manifests in the
setting of an identifiable underlying disorder, neurologic or
nonneurologic. These symptomatic syndromes are the most
common cause of myoclonus. Often, clinical or pathologic
evidence indicates diffuse nervous system involvement. The
other clinical manifestations are important and often are
more prominent than the symptom of myoclonus. Chronic
clinical progression suggests symptomatic myoclonus. Although seizures with characteristics other than myoclonus
may be present, they are not the only prominent clinical
manifestation. Mental status abnormalities and ataxia are
common clinical associations in symptomatic myoclonic
syndromes, II and the cortex is the most commonly proven
source of the myoclonic jerks.
After the major category of the disorder has been determined by using the aforementioned outlined characteristics
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of physiologic, essential, epileptic, and symptomatic syndromes, the more specific qualities of the disorder should be
ascertained for further definition. Essential myoclonic syndromes are classified as either hereditary or sporadic. Epileptic syndromes are categorized into those that have
myoclonus as a "fragment" of epilepsy and those that have
myoclonus occurring as a myoclonic seizure. Symptomatic
myoclonic syndromes are subcategorized by the major associated clinical manifestation (for example, ataxia), known
causes (for example, storage disorders), or insult (for example, focal nervous system damage). The neurodegenerative syndromes of the ataxic, basal ganglia, and dementia
subcategories are the most common causes of symptomatic
myoclonus. Hence, the dominant presence of ataxia,
parkinsonism, or dementia in the clinical picture helps to
place the underlying disorder in one of these subcategories.
The characteristics of common myoclonic disorders are
briefly discussed in the subsequent sections.
Physiologic Myoclonus.-The ability to identify the
jerks associated with physiologic myoclonus based on the
history enables the clinician to reassure all involved persons,
and no treatment is necessary. Jerks during sleep are often
noted by the spouse who complains of being kicked ·in bed.
Types of sudden movement that occur during sleep or sleep
transitions are "partial myoclonic jerks," "massive
myoclonic jerks" (hypnic jerks), and nocturnal myoclonus. 12
Partial myoclonic jerks are usually multifocal and occur in
distal muscles. Massive myoclonic jerks are generalized and
affect trunk and proximal muscles; they often occur as the
person is falling asleep. Nocturnal myoclonus consists of
stereotyped repetitive dorsiflexions of the toes and foot, and,
occasionally, flexion of the knee and hip." Nocturnal
myoclonus is the same type of movement that occurs in the
restless legs syndromes, in which the movements can disrupt
sleep." Some investigators maintain that nocturnal
myoclonus is too slow and prolonged to be classified as
myoclonus.'
Essential Myoclonus.-Hereditary essential myoclonus
has been characterized by onset before age 20 years, dominant inheritance with variable severity, a benign course compatible with an active life and normal life span, absence of
other neurologic deficits, and normal findings on EEG.'5
The myoclonus is usually distributed throughout the upper
body, exacerbated by muscle activation, and responsive to
alcohol." The observation of dystonia, to a variable degree,
has raised concerns about the nosologic identity and homogeneity of this disorder." Sporadic essential myoclonus is
more clinically heterogeneous than is hereditary essential
myoclonus. This "entity" has the nonspecific inclusion criteria of any idiopathic case that does not correspond with any
other myoclonic category. Thus, the term "sporadic essential myoclonus" is a miscellaneous list more than anything
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Table I.-Classification of Myoclonus

Physiologic myoclonus (in normal subjects)
Jerks during sleep (hypnic jerks)
Anxiety-induced myoclonus
Exercise-induced myoclonus
Hiccup (singultus)
Benign infantile myoclonus during feeding
Essential myoclonus (no known cause and no other
gross neurologic deficit)
Hereditary (autosomal dominant)
Sporadic
Epileptic myoclonus (seizures dominate and no
encephalopathy, at least initially)
Fragments of epilepsy
Isolated epileptic myoclonic jerks
Epilepsia partialis continua
Idiopathic stimulus-sensitive myoclonus
Photosensitive myoclonus
Myoclonic absences in petit mal epilepsy
Childhood myoclonic epilepsies
Infantile spasms
Myoclonic astatic epilepsy (Lennox-Gastaut
syndrome)
Cryptogenic myoclonus epilepsy (Aicardi)
Awakening myoclonus epilepsy of Janz
Benign familial myoclonic epilepsy (Rabot)
Progressive myoclonus epilepsy-baltic myoclonus
(Unverricht-Lundborg disease)
Symptomatic myoclonus (progressive or static
encephalopathy dominates)
Storage diseases
Lafora body disease
Lipidoses-for example, GM, gangliosidosis,
Tay-Sachs disease, Krabbe's disease
Neuronal ceroid lipofuscinosis (Batten disease)
Sialidosis ("cherry-red spot")
Ataxic syndromes
Dyssynergia cerebellaris myoclonica
Friedreich's ataxia
Ataxia-telangiectasia
Other spinocerebellar degenerations
Basal ganglia degenerations
Wilson's disease
Torsion dystonia
Hallervorden-Spatz disease
Progressive supranuclear palsy
Huntington's disease
Parkinson's disease
Multisystem atrophy
Corticobasal degeneration
Dentatorubropallidoluysian atrophy

Symptomatic myoclonus (continued)
Dementias
Creutzfeldt-Jakob disease
Alzheimer's disease
Diffuse Lewy body disease
Viral encephalopathies
Subacute sclerosing panencephalitis
Lethargic encephalitis
Arbovirus encephalitis
Herpes simplex encephalitis
Human immunodeficiency virus (HIV)
Post infectious encephalitis
Metabolic entities
Hepatic failure
Renal failure
Dialysis dysequilibrium syndrome
Hyponatremia
Hypoglycemia
Myoclonic encephalopathy of childhood
Nonketotic hyperglycemia
Multiple carboxylase deficiency
Biotin deficiency
Mitochondrial dysfunction
Toxic and drug-induced syndromes (see Table 2)
Physical encephalopathies
Posthypoxia (Lance-Adams)
Posttraumatic
Heat stroke
Electric shock
Decompression injury
Focal nervous system damage
Poststroke
Postthalamotomy
Tumor
Herpes zoster virus
Trauma
Olivodendate lesions (palatal myoclonus)
Peripheral nerve lesions
Malabsorption syndromes
Celiac disease
Whipple's disease
Paraneoplastic syndromes
Opsoclonus-myoclonus syndrome

Modified from Fahn and associates.' By permission.

else. In a large series, the age of ons~t ranged from 2 to 64
years, and the distribution, region affected, and activation
features showed little uniformity." This term likely represents various heterogeneous yet undiscovered causes and
false-negative findings on family histories.

Epileptic Myoclonus.-A generalized tonic-clonic seizure can be preceded by generalized myoclonic jerks, and
the clonic phase is typified by a series of myoclonic jerks that
usually signal the end of the seizure." Epilepsia partialis
continua usually resembles spontaneous myoclonus; it oc-
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curs irregularly or regularly at intervals no longer than 10
seconds, is confined to one part of the body, and continues
for a period of hours, days, or weeks." Most investigators
believe that it has a cerebral cortical origin, and the EEG
usually, but not always, shows a focal abnormality appropriate for the affected region." Photosensitive myoclonus can
be demonstrated by intermittent stimulation which induces
myoclonus associated with a generalized EEG discharge.
This phenomenon is commonly observed in persons with
generalized epilepsy and rarely occurs by itself." Myoclonus can accompany absence seizures as movements of the
eyelid, head, or more extensive body jerks, and the generalized ictal EEG pattern has a frequency of approximately 3
Hz, which is typical for absence syndromes."
Myoclonic seizures are epileptic seizures in which the
motor manifestation is myoclonus. The myoclonus is generalized without local onset and is usually accompanied by a
generalized ictal epileptiform EEG discharge." Infantile
spasms and Lennox-Gastaut are well-known childhood epileptic syndromes that exhibit myoclonic seizures and are
associated with other severe neurologic dysfunction.
Interictal EEG abnormalities help define these syndromes."
Juvenile myoclonic epilepsy (awakening myoclonus of
Janz) is the classic idiopathic syndrome in which myoclonic
seizures may occur in conjunction with generalized tonicclonic or absence seizures (or both). It is characterized by
onset during adolescence or young adulthood and generalized myoclonus exacerbated by sudden awakening, sleep
deprivation, or photic stimulation (or some combination of
these entities)." The ictal EEG shows a 4- to 6-Hz
polyspike-and-wave pattern, and the interictal EEG may
demonstrate the same pattern or normal findings. Valproic
acid is highly effective in controlling all seizure types associated with this syndrome."
Symptomatic Myoclonus. Storage Diseases.-Various
storage diseases have been designated to be part of the
clinical syndrome of progressive myoclonic epilepsy (PME).
PME is characterized by myoclonic seizures, tonic-clonic
seizures, and progressive neurologic dysfunction, particularly ataxia and dementia." Characteristic electrophysiologic features of PME include abnormal background EEG
rhythms, interictal and ictal epileptiform discharges, and
enlarged somatosensory evoked potentials.":" Several clinical differences exist between individual storage diseases
relative to age of onset, rate of progression, details of clinical
expression, and pattern of stimulus sensitivity." No specific
treatment is available for these disorders."
Neurodegenerative Syndromes.-Neurodegenerative
syndromes have widely distributed pathologic features with
variable involvement of cerebellar pathways, basal ganglia,
and cerebral cortex. Action myoclonus is often characteristic in cerebellar myoclonic syndromes." Myoclonus as a
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finding in Parkinson's disease is best known as a consequence of levodopa therapy, although its occurrence without
medication has been rarely reported.r':" Multisystem atrophy predominantly manifests as varying degrees of
parkinsonism, ataxia, and autonomic dysfunction, but a
stimulus-sensitive distal limb myoclonus was found in 31%
of patients." Myoclonus, both action- and stimulus-sensitive, commonly occurs in corticobasal degeneration. 37 The
distribution of the myoclonus in corticobasal degeneration is
either asymmetric or focal and is similar to the other
clinicopathologic manifestations of the disease. The
myoclonus in Creutzfeldt-Jakob disease is a clinical hallmark of the disorder, and it can occur at rest or be exacerbated by action or a stimulus." The usual manifestation of
myoclonus in Alzheimer's disease is small multifocal distal
jerks." In the dementia syndrome known as diffuse Lewy
body disease, which often has extrapyramidal features,
myoclonus is noted in 15% of cases."
Toxic-Metabolic Conditions.-In metabolic conditions,
myoclonus often occurs in the hospital setting, frequently
with mental status changes. The myoclonus may be multifocal and subtle or generalized and almost constant, as in the
entity "myoclonic status epilepticus.?" Anoxia is the most
common cause of myoclonic status epilepticus, and this
myoclonus is associated with generalized epileptiform activity on an EEG. 42 Prognosis in such cases depends on the
severity and reversibility of the underlying process.
Asterixis, which is now termed "negative myoclonus," is a
well-known accompaniment to metabolic encephalopathies.' The toxic and drug-induced causes of myoclonus are
numerous (Table 2). Most of the agents that cause
myoclonus can also produce mental status changes and
tremor. The effects are reversed when use of the agent is
discontinued. .
Hypoxia.-In 1963, Lance and Adams" described
myoclonus in patients after recovery from severe hypoxic
episodes. One study showed that all patients experience
hypoxic coma for several hours to days and that spontaneous
myoclonus and seizures mayor may not occur during the
coma." Action myoclonus is characteristic, and ataxia is a
frequent part of the syndrome. A cortical origin for the
myoclonus has been established." Lhermitte and colleagues" reported that such cases of posthypoxic (LanceAdams) myoclonus responded to oral administration of 5hydroxy tryptophan (5-HTP), a precursor of the neurotransmitter serotonin. Cerebrospinal fluid serotonin metabolites
have been found to be decreased in patients with this syndrome, and this finding has led to the hypothesis that suppression of serotonin system activity is important." Investigators believe that 5-HTP is effective because of conversion
to serotonin in the CNS and thus increased serotonergic
activity, which somehow suppresses the myoclonus.v-"
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Table 2.-Toxins and Drugs That Are Associated With Myoclonus
Toxins
Bismuth
Aluminum
Inorganic mercury
Organic mercury
Tetra-ethyl lead
Methyl bromide
Dichloroethane (dry cleaning fluid)
Oven cleaner
Rapeseed oil (anilines)
Chloralose
Strychnine
Tetanus toxoid
Marijuana
Medications
Psychiatric medications
Cyclic antidepressants: imipramine, desipramine,
amitriptyline, doxepin, trazodone, nortriptyline,
maprotiline
Selective serotonin uptake inhibitors: fluoxetine,
paroxetine, sertraline, fluvoxarnine, clomipramine
Monoamine oxidase inhibitors: phenelzine, clorigyline
Lithium
L-tryptophan
Buspirone
Methaqualone
Bromisovalum
Clozapine
Antipsychotic drugs (also occurs as tardive syndrome)
Diazepam withdrawal
Anti-infectious agents
Penicillin
Carbenicillin
Ticarcillin
Cefmetazole
Monolactam
Pefloxacin
Isoniazid
Piperazine
Acyclovir
Vidarabine
Focal Lesions.-Focal cortical lesions due to various
etio log ic factors can cause focal myoclonu s.r "? Brain-stem
lesion s invol ving the dent ate -oli var y pathwa y are beli eved
to be important in the gene rat ion of palatal myoclonus. Thi s
movem ent is rh ythmic and usuall y bilateral, with a rate of 2
to 3 HZ.51 Because of the rate , rhythmicity, and relative
slow ness of the palatal mo vem ent in co m parison with other
examples of m yoclonus, man y cl inicians believe th at it resembles a tremor phenotyp e mo re than myoclonus. P alatal
my oclonus may be associ ated with similar movements in
other body segments, and in many cases, no brain-stem
lesion is found."
The medullary reticular formati on is believed to be the
origin of "reticular reflex myoclonus" in humans." Thi s

Narcotics
Morphine
Hydromorphone
Meperidine
Diamorphine
Fentanyl
Sufentanil
Anticonvulsants
Phenytoin
Hydantoin
Valproic acid
Carbamazepine
Anesthetics
Etomidate
Enflurane
Isoflurane
Tetracaine
Midazolam
Contrast media
Iothalamate meglumine
Iocarmate meglumine
Diatrizoate meglumine (Angiografin)
Ioserate meglumine (Myelografin)
Metrizamide
Iophendylate (Pantopaque)
Cardiac medications
Calcium channel blockers: diltiazem, nifedipine,
verapamil
Antiarrhythmics: flecainide, propafenone
Antihistamines: pseudoephedrine, tripelennamine
(Pyribenzamine)
Antineoplastics: chlorambucil, prednimustine
Miscellaneous medications
Levodopa
Bromocriptine
Metoclopramide
Physostigmine
Tumor necrosis factor

type of m yocl onus co nsists of ge neralized reflex sens itive
axi al and proximal limb jerks and ma y occur as a re sult of
hypoxia or uremia.v >' Tumor is the most commonl y report ed ca use of sp inal cord m yoclonus, but viral infection ,
trauma, and ischemia are also known causes .55-57 The
myoclonus origina ting from the sp inal cord is usually rhythmic , is slow (less than 4 Hz), and involves onl y the mu scul ature from a few spina l level s. A ne wly de scribed type of
myoclonus aris ing fro m the spi na l cord termed " axia l
propriospinal m yoclonus" co nsists of axial jerks that see m
to start from a single sp ina l level and spread both ro strally
and caudally. These jerks are refl ex sensitive and can also
inv olve limb muscles. Investi gators believe that the neuro na l hyperactivity spreads through propriospinal path-
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ways." Peripheral nervous system lesions have been reported to be associated with myoclonus; however, whether
the pathophysiologic features are wholly peripheral is
unclear." Possibly, in these peripheral cases, the peripheral lesion affects CNS excitability, which in turn causes
myoclonus.
EVALUATION
Diagnostic testing should be considered an extension of the
clinical examination. Such testing is usually necessary unless the diagnosis seems straightforward after elicitation of
the history and performance of the physical examination.
Basic tests (Table 3) should be done in most patients. If,
after such testing, the diagnosis is still unknown, advanced
testing (Table 3) should be considered. Expert referral may
be useful if such detailed testing is indicated. Other testing
may include screening for a malabsorption syndrome, imaging the body for an occult cancer, or examining the cerebrospinal fluid for infectious or inflammatory processes. 11 In
general, findings will be normal in patients with physiologic
and essential myoclonus, but various abnormalities will be
evident in those with epileptic and symptomatic syndromes.
Electrodiagnostic testing can be particularly useful in the
diagnosis and characterization of myoclonus.P:" An EEG
can reveal both specific and nonspecific findings in epileptic
and symptomatic syndromes.v" Polygraphic EEG-EMG
monitoring is useful because EMG discharge duration, agonist-antagonist relationships, order of muscle activation, and
the correlation of EMG signals with the time of EEG
changes are variable in different types of myoclonus."
EEG-EMG back-averaging techniques can be used to detect
EEG potentials that are not present in routine EEG recordings.64 •65 This technique increases the signal-to-noise ratio
and records preceding EEG waveforms that are time-locked
to the myoclonus. An example of this back-averaging technique establishing a cortical origin for symptomatic limb
myoclonus is demonstrated in Figure 2. It shows a diphasic
averaged scalp potential over the left sensorimotor cortex
preceding the averaged EMG discharge from the right first
dorsal interosseous muscle (Fig. 2). The manner in which
electrodiagnostic techniques can distinguish among the three
most common neuroanatomic origins of myoclonus is shown
in Table 4.58•67
TREATMENT CONSIDERATIONS
Classifying the myoclonus and identifying its underlying
disorder are especially critical goals relative to treatment
considerations. Some causes of myoclonus are easily reversible, such as an acquired abnormal metabolic state, an excisable lesion, or a side effect of a medication. Physiologic
myoclonus needs no management other than reassurance. If
the myoclonus arises as part of an epileptic syndrome, stan-
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Table 3.-Ancillary Testing in Myodonus*
Basic
Electrolytes
Glucose
Hepatic function
Renal function
Drug and toxin screen

Brain imaging
EEG

Advanced

Test
EEG-EMG polygraphy
and back-averaging
Evoked potentials
Enzyme activities
Genetic testing
Copper studies
Spinal imaging
Tissue biopsy
Chromosomal fragility

Diagnostic relevance
Source localization
Abnormalities can occur in
symptomatic cases
Storage diseases
Mitochondrial disease, HD,
DRPLA, spinocerebellar
ataxias
Wilson's disease
Segmental pathologic condition
Storage disease, mitochondrial
disease
Ataxia-telangiectasia

*DRPLA = dentatorubropallidoluysian atrophy; EEG = electroencephalography; EMG =electromyographic; HD =Huntington's
disease.

dard anticonvulsant therapy is used and often includes
valproic acid or clonazepam (or both). Successful treatment
decreases the incidence of myoclonus, as well as the other
seizure types or manifestations (or both). Symptomatic
treatment of myoclonus is currently less than satisfactory.
Valproic acid and clonazepam are the two most useful drugs
for symptomatic treatment of myoclonus.w" however, they
are ineffective in many cases. The mechanism of valproic
acid relative to its antiepileptic activity and its antimyoclonic
activity has been a subject of controversy. Initially, investigators thought that valproic acid inhibited y-aminobutyric
acid (GABA) transaminase, which in turn increased brain
levels of the inhibitory neurotransmitter GABA, which led to
inhibiting the myoclonus. We now know that, even though
GABA levels are increased, the effects of valproic acid may
have little to do with GABA transaminase inhibition." The
use of valproic acid can be limited by gastrointestinal side
effects, sedation, and liver toxicity." Clonazepam affects
both GABA and serotonin systems, but views differ about
the source of the therapeutic effect." The use of clonazepam
can be limited by sedation, imbalance, behavioral changes,
and tolerance."
Several other agents are reported to be particularly useful
for certain myoclonic syndromes. 5-HTP is available only
for experimental protocol, but it has been used successfully
in the treatment of posthypoxic (Lance-Adams) myoclonus;
however, many patients do not respond." 5-HTP is always
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Fig. 2. Results from back-averaging myoclonic discharge from right first dorsal interosseous
muscle, which produces diphasic averaged scalp potential over left sensorimotor cortex,
preceding right first dorsal interosseous muscle averaged EMG discharge. Fe = fronto-central
region; R =right.

administered in conjunction with carbidopa to prevent its
metabolism peripherally." The use of 5-HTP can be limited
by anorexia, nausea, diarrhea, and mood changes." Drugs
that can act to block the reuptake of serotonin at nerve
terminals can be used to lower the required dosage of 5-HTP
and carbidopa and to decrease side effects." 5-HTP has also
been used to treat other types of myoclonus, although the
beneficial effect has not been as substantial.
Piracetam, which is not available in the United States, has
been reported to have antimyoclonic activity, particularly in
combination with other agents." Piracetam is a member of a
group of substances known as nootropic drugs, which are
believed to stimulate mental activity. The reasons for the

antimyoclonic property are unclear. Piracetam has only mild
effects on GABA and monoaminergic activity. It increases
adenosine metabolism, modulates acetylcholine levels, affects energy metabolism, and has other miscellaneous effects." Piracetam is well tolerated and believed to have low
toxicity.Y" Anticholinergic agents may be useful for treating rhythmic myoclonus such as palatal myoclonus and for
treating essential myoclonus." The anticonvulsants
phenytoin, phenobarbital, and carbamazepine are used in
cases of rhythmic myoclonus; success varies. Benzodiazepines can be helpful in attempts to treat acute myoclonic
seizures after a severe hypoxic insult.":" Tetrabenazine is
another drug that is considered experimental, but it has been

Table 4.-Electrophysiologic Characteristics of Myoclonus*
Discharges
Origin

EMG

EEG

Cortex

<100 ms duration, spreads
rostrally to caudally

Back-averaged scalp
transient time-locked
toEMG

Brain stem-reticular
formation

<100 ms duration, spreads
rostrally and caudally from
brain stem
>200 ms duration, spreads
rostrally and caudally from
spinal cord level

Transient may be present,
but no constant
relationship to EMG
None

Spinal cordpropriospinal
pathways

*EEG = electroencephalographic; EMG

Causes
Hypoxia, trauma, drugs,
toxins, degenerative,
progressive myoclonic
epilepsy, others
Hypoxia, uremia
Tumor, idiopathic

= electromyographic.
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used successfully in cases of rhythmic myoclonus such as
palatal myoclonus and spinal myoclonus." Opiates and
dopaminergic agents have been used to treat abnormal
myoclonus during sleep."
CONCLUSION
Myoclonus consists of sudden, brief, shocklike, involuntary
movements caused by muscular contractions or inhibitions.
The cortex and brain stem are the most common origins. The
term "myoclonus," used by itself, is becoming increasingly
nonspecific as the different variants are further defined by
clinical, genetic, biochemical, and electrophysiologic
means. Thus, the clinician must appreciate the differences
among the types of myoclonus. A clinical approach based
on the four etiologic categories-physiologic, epileptic, essential, and symptomatic-in conjunction with the appropriate electrodiagnostic methods is currently the best strategy to
evaluate and classify myoclonus. The hope is that further
research into the basic pathophysiologic features and the
experimental therapeutics for myoclonus will yield better
treatments for this disabling, abnormal movement.
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