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MYOCLONUS

Primary Disciplinary Field(s): Neuroscience, Neurology, Sleep Medicine

1. Core Definition

Myoclonus is defined as a sudden, brief, involuntary, shock-like movement resulting from a rapid,

often repetitive, contraction of muscle tissue, leading to a visible jerk of a limb, part of a limb, or the

entire body. These movements are fundamentally distinct from tremors (which are rhythmic

oscillations), tics (which are semi-voluntary and suppressible), or chorea (which are more fluid and

dance-like). The speed of the movement is critical to the definition; myoclonic jerks typically last

only a fraction of a second, causing an abrupt and ballistic displacement. Clinically, myoclonus is

categorized based on whether the movement is caused by muscle contraction, known as positive

myoclonus, or by a sudden lapse or pause in muscle activity, known as negative myoclonus

(asterixis), though positive myoclonus is the more commonly recognized form.

The core physiological mechanism underlying myoclonus involves a sudden, excessive discharge

of neurons within the central nervous system (CNS), leading to hyperexcitability in the motor

pathways. This electrical discharge propagates rapidly down the motor pathways to the muscle

fibers, causing an immediate, unsustained contraction. While myoclonus is frequently associated

with movement disorders that affect the limbs, it can involve virtually any muscle group, including

the facial muscles, the trunk, or even the diaphragm (resulting in hiccups, a common physiological

form). The distribution of the jerks--whether focal (affecting one part of the body), segmental

(affecting adjacent body parts), multifocal, or generalized--provides important clues about the

neurological origin.

The clinical significance of myoclonus spans a wide spectrum. At one end are entirely benign,

physiological phenomena that occur normally in healthy individuals, such as the hypnic jerks

mentioned in the source content, which occur as an individual drifts off to sleep. At the other end,

myoclonus can be a severe and debilitating symptom, often associated with progressive

neurological disorders, specific epilepsy syndromes, or acute central nervous system insults,

necessitating immediate and comprehensive medical investigation. Understanding the context in

which the myoclonus occurs--whether spontaneously, during action, or in response to stimuli--is

crucial for accurate diagnostic classification.

2. Classification and Types

Myoclonus is classified primarily based on its etiology and its anatomical origin within the nervous

system. Etiologic classification helps determine the cause: Physiological myoclonus includes

normal events (hiccups, hypnic jerks) that require no treatment. Essential myoclonus is a chronic,
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primary movement disorder where myoclonus is the dominant symptom, often hereditary, but

occurs in the absence of other widespread neurological deficits. Most complex and clinically

challenging is Symptomatic (Secondary) myoclonus, which arises as a manifestation of an

identifiable underlying disorder, ranging from systemic metabolic derangements (e.g., kidney

failure, liver disease), drug toxicities, infections (e.g., viral encephalitis), to neurodegenerative

diseases (e.g., Alzheimer's, CJD).

The neuroanatomical classification pinpoints the site of the abnormal neuronal discharge, which is

essential for guiding treatment strategies. Cortical myoclonus originates in the motor or

somatosensory cortex and is characterized by brief, focal or multifocal jerks that are often triggered

or exacerbated by voluntary action (Action Myoclonus) or sensory stimuli. The electrophysiological

signature of cortical myoclonus involves a discernible cortical spike immediately preceding the

muscle jerk. Subcortical myoclonus originates in structures below the cortex, such as the

brainstem or cerebellum, and often presents as generalized or segmental jerks that are highly

sensitive to sudden external stimuli (Startle Myoclonus).

Further specialized categories help refine the diagnosis. Spinal myoclonus involves slow,

segmental contractions restricted to muscles innervated by a specific segment of the spinal cord,

often resulting from trauma or infectious processes affecting the spinal cord itself. The specific

example highlighted in the source material, Nocturnal myoclonus (or hypnic jerks), falls under

physiological myoclonus and is considered benign. However, it must be differentiated from other

sleep disorders, such as Periodic Limb Movement Disorder (PLMD), which involves more rhythmic

and repetitive movements during sleep, requiring a polysomnographic evaluation for proper

distinction.

3. Etymology and Historical Context

The term myoclonus is a compound derived from classical Greek roots: mys (meaning "muscle")

and klonos (meaning "violent, confused motion" or "turmoil"). This etymology accurately captures

the sudden, chaotic nature of the muscle contraction. Although involuntary movements have been

observed throughout medical history, the specific recognition and delineation of myoclonus as a

distinct neurological sign occurred in the late 19th century, driven by the increasing specialization

of neurology as a discipline. This differentiation was crucial because myoclonus needed to be

separated clinically and pathologically from conditions like chorea, tremor, and tics, which display

different underlying mechanisms.

A pivotal moment in the historical understanding of myoclonus came with the description of specific

disease entities characterized by these movements. Notably, the Progressive Myoclonus

Epilepsies (PMEs) were defined in the 1890s by researchers such as Unverricht and Lundborg.

Unverricht-Lundborg Disease, a severe neurodegenerative disorder, cemented the pathological
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link between sustained, debilitating myoclonus and underlying neurological decay, demonstrating

that myoclonus could be far more than just a transient muscle twitch but a core feature of

progressive CNS destruction. This established two major tracks for clinical investigation: benign

myoclonus versus progressive, pathological myoclonus.

The 20th century saw significant advancements in understanding myoclonus, driven primarily by

the advent of electrophysiological techniques. The utilization of Electromyography (EMG) allowed

physicians to objectively measure the duration and spread of the muscle burst. Crucially,

combining EEG (Electroencephalography) with EMG enabled the technique of back-averaging,

wherein the electrical activity in the brain preceding the muscle jerk could be identified. This

methodological breakthrough allowed clinicians for the first time to precisely map the origin of the

abnormal discharge, confirming the existence of cortical, subcortical, and spinal generators,

thereby validating the modern anatomical classification system.

4. Pathophysiology and Neural Mechanisms

The fundamental pathophysiology of myoclonus involves a transient state of hyperexcitability in the

motor system, which can occur at various levels of the neuroaxis. The underlying mechanisms

often point toward a critical imbalance between inhibitory and excitatory neurotransmission.

Specifically, many forms of myoclonus are thought to arise from dysfunction in the GABAergic

system, which employs the inhibitory neurotransmitter Gamma-Aminobutyric acid (GABA). A

reduction in GABAergic inhibition, or a dysfunction in the GABA receptors, permits uncontrolled,

synchronous firing of large groups of neurons, leading to the rapid muscle discharge characteristic

of myoclonus. Conversely, excessive activity in excitatory systems, particularly those mediated by

glutamate, can also contribute significantly to the hyperexcitable state.

In the case of cortical myoclonus, the mechanism involves abnormal processing within the

sensorimotor loop. The motor cortex becomes highly irritable and responsive to sensory input,

leading to what is termed a "giant somatosensory evoked potential" (SEP). When a sensory signal

(touch, light, sound) enters the CNS, the hypersensitive cortex over-responds, generating a

massive electrical discharge that immediately triggers the motor output--the myoclonic jerk. This

sensory-driven mechanism explains why cortical myoclonus is often stimulus-sensitive and

commonly seen in severe epilepsy syndromes or after anoxic brain injury.

Subcortical myoclonus often involves the brainstem reticular formation, a network of neurons

responsible for relaying sensory information and coordinating motor output. This type of myoclonus

is frequently generalized and often manifests as startle myoclonus, where a sudden auditory or

visual stimulus triggers a widespread, whole-body jerk. In contrast to cortical forms, subcortical

myoclonus typically does not show the clear EEG spike preceding the muscle activity.

Furthermore, certain metabolic or toxic encephalopathies can induce myoclonus by globally
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disrupting neuronal integrity and function, leading to widespread and asynchronous jerking known

as multifocal myoclonus, which lacks a clear anatomical origin and is usually a sign of acute

systemic distress.

5. Clinical Presentation and Diagnosis

The diagnostic process for myoclonus begins with meticulous clinical observation to differentiate

the movements from other hyperkinetic disorders. The physician assesses the velocity, rhythmicity,

distribution, and relationship of the jerks to voluntary movement, rest, or external stimuli. A key

distinction is whether the jerks are spontaneous (occurring randomly), action-induced (triggered by

the attempt to move, making tasks like eating or writing nearly impossible), or reflex (triggered by

sensory input). The history must also thoroughly investigate potential secondary causes, including

recent medication changes, toxin exposure, underlying systemic diseases (renal or hepatic failure),

and family history of movement disorders or epilepsy.

Electrophysiological testing is indispensable for confirming the diagnosis and localizing the origin.

The combination of EEG and EMG is standard practice. EMG records the brief, synchronized

muscle bursts characteristic of myoclonus, typically lasting less than 50 milliseconds. When the

EEG is simultaneously recorded, the back-averaging technique can look backward in time from the

EMG spike to determine if a specific electrical discharge in the cortex initiated the movement. The

presence of a clear cortical spike preceding the muscle jerk by a short latency strongly supports a

cortical origin, allowing targeted therapy.

Further diagnostic steps often involve extensive laboratory investigations to rule out symptomatic

causes. This includes comprehensive metabolic panels (checking glucose, electrolytes, liver, and

kidney function), toxicology screening for illicit or prescription drugs known to precipitate

myoclonus, and infectious disease workups (e.g., HIV, syphilis). In cases of suspected progressive

or familial myoclonus, advanced imaging (MRI) and genetic testing (to identify specific mutations

linked to PMEs or other neurogenetic syndromes) are required. The overarching goal of the

diagnosis is not merely to identify the myoclonus, but to classify it accurately as physiological,

essential, or secondary, thereby guiding the urgent management of treatable underlying conditions.

6. Significance in Medicine and Sleep Disorders

Myoclonus holds profound clinical significance because its appearance, particularly when acquired

and persistent, often signals acute or progressive neurological compromise. In the context of acute

illness, such as following cardiac arrest leading to anoxic brain injury, the presence of diffuse,

refractory myoclonus (Lance-Adams syndrome) indicates severe damage to the CNS structures

and carries a guarded prognosis. Similarly, the onset of myoclonus in an adult may be the first

clinical sign of a rapidly progressing and ultimately fatal disorder, such as prion diseases (e.g.,
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Creutzfeldt-Jakob Disease), necessitating immediate quarantine and specialized care.

In the field of sleep medicine, the distinction between physiological and pathological myoclonus is

paramount. As noted in the source, hypnic jerks (nocturnal myoclonus) are extremely common,

benign, and represent a normal part of the transition into sleep, often involving a single,

generalized jerk accompanied by a falling sensation. However, pathological movements during

sleep, such as those seen in Periodic Limb Movement Disorder (PLMD), must be differentiated.

PLMD movements are typically more repetitive and less sudden than true myoclonus, often

occurring every 20-40 seconds throughout the night, leading to sleep disruption. While true

myoclonus can also occur during sleep as part of a nocturnal epilepsy syndrome, the key

differentiator relies on polysomnography and clinical correlation to determine if the movement is

affecting sleep architecture or daytime functioning.

For patients afflicted with severe action myoclonus, the impact on quality of life is devastating. The

inability to perform sustained, voluntary movements--whether walking, feeding oneself, or simple

tasks like holding a cup--renders individuals highly dependent. This functional impairment is a

critical factor driving aggressive therapeutic intervention. Thus, the significance of myoclonus in

neurology lies in its power as a diagnostic marker: its type, frequency, and severity serve as a

direct window into the functional state and integrity of various levels of the motor control system,

from the cortex down to the spinal cord.

7. Treatment and Management

The management of myoclonus is first and foremost directed at treating the underlying cause,

especially when the disorder is secondary (symptomatic). If the myoclonus is due to a metabolic

derangement (e.g., uremia from kidney failure, hypoglycemia) or drug toxicity (e.g., high doses of

opioids or lithium), correcting the systemic imbalance or withdrawing the offending agent can lead

to complete resolution of the myoclonic jerks. This etiological approach is the most effective

strategy whenever possible. However, when the myoclonus is essential, hereditary, or secondary

to a chronic, incurable neurodegenerative process, treatment focuses on symptom suppression

using pharmacotherapy.

Pharmacological strategies primarily target the goal of enhancing GABAergic inhibition to dampen

the neuronal hyperexcitability. The most common first-line agent is clonazepam, a long-acting

benzodiazepine that potentiates the effects of GABA, often proving effective for various types of

myoclonus, including essential and spinal forms. Antiepileptic drugs (AEDs) are also widely used,

particularly agents that modulate sodium channels or enhance GABA activity. Levetiracetam is

particularly noted for its efficacy in treating cortical myoclonus and post-anoxic myoclonus, offering

a favorable side-effect profile compared to older AEDs. Other effective agents include valproate

and piracetam, though the choice of medication is tailored precisely to the anatomical origin of the
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myoclonus identified through electrophysiology.

The challenge in managing myoclonus lies in the heterogeneity of the condition; no single drug is

universally effective, and management often requires polypharmacy or a trial-and-error approach

involving dose escalation and combination therapy. For severe action myoclonus that

compromises daily function, non-pharmacological interventions, such as physical and occupational

therapy, are essential to help patients adapt and maintain motor control despite the jerks. In rare,

highly localized forms of focal myoclonus (e.g., palatal myoclonus), localized injections of

botulinum toxin may sometimes be used to temporarily paralyze the affected muscle, offering

symptomatic relief when systemic medication fails.

8. Further Reading

Myoclonus (Wikipedia)

GABA (Gamma-Aminobutyric acid)

Levetiracetam

Electromyography (EMG)
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