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H ave you ever wondered whether the presence of myoclonus helped
to create or narrow your differential diagnosis? Have you ever been
uncertain about whether or how to treat focal or diffuse myoclonus? If you
have, then the following case vignette and discussion should prove useful.

CASE VIGNETTE

Ms A, a 57-year-old woman, arrived at the emergency department
(ED) with fever and an altered mental status described by her daughter
as increased somnolence and confusion. She had a 3- to 4-week course of
gradually worsening tremors and ataxia that resulted in difficulty feeding
herself and walking. Her medical history was significant for schizophrenia,
iatrogenic parkinsonism secondary to chronic antipsychotic therapy, type
2 diabetes mellitus, a nephrectomy for renal cell carcinoma, hypertension,
and hyperlipidemia. Her psychotropic medications included amantadine,
bupropion, trazodone, clonazepam, memantine, and perphenazine. Twelve
days before her ED presentation, Ms A underwent an adrenalectomy (for
a nonfunctional adrenaloma). Her vital signs in the ED were significant
only for tachycardia. At admission to the general medical ward, a
physical examination revealed a disheveled, chronically ill-appearing
woman; her speech was rambling, and she was picking at the air. She
was notably diaphoretic and exhibited prominent and diffuse myoclonus.
The urinalysis was positive for pyuria; all other laboratory results were
unremarkable (ie, metabolic function, lactate levels, and ammonia levels
were within the normal range).

The initial differential diagnosis included serotonin syndrome,
benzodiazepine withdrawal, Wernicke’s encephalopathy, and delirium
secondary to a urinary tract infection. Her outpatient medications were
discontinued, and she was started on high-dose thiamine. She underwent
an empiric trial of lorazepam for potential benzodiazepine withdrawal.
Given a lack of improvement, Ms A was transitioned to intramuscular
olanzapine for the empiric treatment of delirium. The intramuscular
route was chosen for consistent administration given Ms A's mental
status prohibiting consistent oral administration. Due to concern for
rhabdomyolysis from continuous muscle contraction, she received
intravenous fluid resuscitation. Given her lack of response to these
interventions, additional consideration was given to an encephalitis (from
infectious or paraneoplastic etiologies) as well as to a neurodegenerative
process (such as Creutzfeldt-Jakob disease). As a result, more diagnostic
tests were obtained.

An electroencephalogram (EEG) revealed generalized low-voltage
theta waves with no evidence of epileptiform discharges, which was
not suggestive of primary central nervous system pathology. Due to
her severe myoclonus, she was intubated and sedated for a magnetic
resonance imaging (MRI) scan; the findings were unremarkable. A lumbar
puncture revealed a mildly elevated opening pressure (35 cm H,0) and
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B Myoclonus often accompanies changes in mental status
that may be useful in guiding the differential diagnosis
and workup.

B (Clinical information, such as the time course,
accompanying cognitive deficits, medical history, and
current medications, provides a useful framework for
narrowing the differential diagnosis.

B | aboratory work should be tailored to assess for the
presence of organ dysfunction that may account for
metabolic encephalopathies; intracranial imaging,
electroencephalography, and lumbar puncture are
adjunctive diagnostics that can also be considered.

cerebrospinal fluid (CSF) protein level (63 mg/dL; reference
range, 5-55). A paraneoplastic antibody panel was negative,
as was a 14-3-3 Gambetti protein for Creutzfeldt-Jakob
disease. A computed tomography scan of the abdomen,
looking for postoperative intra-abdominal infection, was
significant only for expected postadrenalectomy changes.

WHAT IS MYOCLONUS

Myoclonus is defined as brief, involuntary movements
caused by temporary muscle fiber activation or inhibition.
Neuroanatomic localization of this phenomenon is often
difficult, as lesions throughout the entire neuraxis have
been known to cause its characteristic jerking. Myoclonus
can be classified into several subcategories on the basis of
its features, etiology, and distribution. Primary myoclonus,
which refers to an idiopathic phenomenon that accompanies
seizure disorders, is most often hereditary and is seen more
frequently in the pediatric population. Also, it often exists
with no changes in mental status; thus, it will not be discussed
here. As such, we will focus our attention on the discussion
of secondary etiologies. Additionally, the movements can
be further classified on the basis of their timing: jerks
that occur at rest are known as positive myoclonus, while
those that occur during contraction are known as negative
myoclonus. The latter is epitomized by asterixis and is seen
predominantly in metabolic encephalopathies (secondary to
renal, hepatic, and respiratory failure). When the movement
disorder extends beyond one muscle group or extremity, it is
referred to as generalized or multifocal myoclonus.

WHO GETS MYOCLONUS?

There are minimal data regarding the incidence and
prevalence of secondary generalized myoclonus.! Most
patients with myoclonus have additional neurologic or
systemic manifestations of their underlying pathology.
Underlying pathologies include neurologic processes as well
as toxic-metabolic, autoimmune, infectious, drug, toxin, and
paraneoplastic processes.

Neurologic causes include neurodegenerative disorders,
spinocerebellar ataxias, and liposomal storage diseases. For

patients who gradually develop myeclonus earlier in life,
non-secondary causes such as dystonias, epilepsy, and ataxias
should be considered. Myoclonus in neurodegenerative
diseases can be multifocal or generalized. Myoclonus in
Alzheimer’s disease develops late in its course in about one-
fourth of patients.> Myoclonus in Parkinson’s disease may be
frequent enough to resemble action tremors, and myoclonus
in Lewy body dementia tends to be more common and
more severe than in Parkinson’s disease.> Myoclonus can
also be present in multiple system atrophy, progressive
supranuclear palsy, and frontotemporal dementia. Notably,
myoclonus is unique in Creutzfeldt-Jakob disease, since it
tends to be generalized and provoked by loud noises (“startle
myoclonus”).

Toxic-metabolic causes tend to present acutely, and
these may include electrolyte or acid-base abnormalities,
renal or hepatic dysfunction, and posthypoxic insults.
Many neurologic infections have been implicated, as
have some autoimmune causes such as celiac disease and
Hashimoto’s disease. Drug-induced causes are many and will
be discussed in further detail elsewhere in this article. Most
notable of the paraneoplastic causes is a variation known
as opsoclonus-myoclonus syndrome, which causes saccadic
orbital movements in addition to myoclonus. This variation
is commonly associated with neuroblastomas in children
but is also associated with carcinomas in adults, particularly
breast and small cell lung carcinomas.* Finally, psychogenic
cases have occurred, and the major differentiating factors for
this entity are found with routine testing in the evaluation
of myoclonus.

WHY DOES MYOCLONUS DEVELOP?

Although myoclonus has myriad etiologies, anatomic
pathologies, clinical manifestations, and classifications
(eg, physiologic, essential, epileptic, secondary),’ 2 basic
mechanisms account for the onset of myoclonus: involuntary
muscular contractions (positive myoclonus) and muscular
inhibition (negative myoclonus or asterixis). When
characterizing myoclonus by its anatomic and physiologic
characteristics, 5 broad categories (cortical, cortical-
subcortical, subcortical-supraspinal [nonsegmental], spinal
[segmental], and peripheral) exist that represent territories
from which electrical discharges can arise. Each of them
will be discussed here, along with their common EEG and
electromyography (EMG) findings and with examples of
their clinical manifestations.

Cortical myoclonus is caused by an electrical discharge that
occurs within the sensorimotor cortex and that corresponds
to a body part (eg, face, arm). The electrical discharge that
ensues can be a response to a stimulus, as is seen in cortical
reflex myoclonus. The cortical discharge has the ability to
spread in a somatotopic pattern within the somatosensory
cortex via corticocortical pathways. Spread can also occur
through callosal pathways to the opposite hemisphere; this
accounts for its potential to generate generalized seizures.®
Cortical reflex myoclonus has variable EEG findings, but if
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an EEG sharp wave is seen, it'will typically arise 10-40'ms
before the myoclonic jerk develops. On the EMG, bursts
are <75 ms.> Cortical myoclonus can be negative, which
corresponds to a silent period on the EMG.” Examples
include drug- or toxin-induced myoclonus, posthypoxic
action myoclonus, myoclonus due to a neurodegenerative
disease with cortical involvement, progressive myoclonic
epilepsies and ataxia, and cortical reflex myoclonus.>®

Cortical-subcortical myoclonus refers to an abnormal
bidirectional electrical oscillation between cortical and
subcortical areas.” It is characterized by a generalized spike
and wave pattern on the EEG and bursts that are <100 ms
on the EMG.” This type of myoclonus is often secondary to
primary generalized myoclonic seizures or absence seizures.?

Subcortical-supraspinal (nonsegmental) myoclonus is
due to a discharge arising from a subcortical focus that can
spread to pyramidal or extrapyramidal tracts.® This type of
myoclonus has variable EEG and EMG findings.’ Examples
of this type of myoclonus include essential myoclonus and
opsoclonus-myoclonus.’

Spinal (segmental) myoclonus can refer to myoclonus
that originates from the brain stem or the spinal cord. The
brain stem typically produces axial myoclonus that is often
provoked by certain stimuli, particularly auditory stimuli.
Spinal segmental myoclonus stems from hyperexcitability of
a segment of the spinal cord (secondary to viral irritation,
ischemia, or a mass effect from glioma or syringomyelia).
The propriospinal system leads mainly to axial myoclonus
that spares the face (in contrast to myoclonus that originates
from the brain stem).> EMG bursts are characteristically
>100 ms and are usually accompanied by a normal EEG,’
as might occur with palatal myoclonus.®

Peripheral myoclonus is also associated with a normal
EEG; the EMG reveals variable burst duration.” One cause
of peripheral myoclonus is hemifacial spasm.?

Drug-Induced Myoclonus

Several drugs (eg, antibiotics [quinolones, penicillins,
and cephalosporins], antidepressants [particularly cyclic
antidepressants, selective serotonin reuptake inhibitors,
monoamine oxidase inhibitors, and lithium], benzodiazepines
[eg, with benzodiazepine withdrawal], opiates, and
dopamine agonists and dopamine blockers [neuroleptics],
as well as cholinesterase inhibitors, antiepileptics, bismuth
salts, general anesthetics, antiarrhythmics, calcium channel
blockers, and others)®1% have been associated with the onset
of myoclonus. Level II evidence exists for levodopa, cyclic
antidepressants, and bismuth salts; there is less evidence that
implicates other drugs as causative agents in myoclonus.!'’
The etiology of drug-induced myoclonus is poorly
understood. However, it has been postulated that increased
levels of serotonin may be etiologically responsible. The 2
neurotransmitter systems most frequently implicated in
the pathophysiology of myoclonus are the serotonergic and
y-aminobutyric acid (GABA)-ergic systems. Drug-specific
approaches have been studied in certain toxidromes, such
as the use of benzodiazepines!! or the serotonin receptor
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antagonist antihiStamine cyproheptadine'? Tn “casés™of
suspected serotonin syndrome or the use of the serotonin
receptor antagonist methysergide in levodopa toxicity.!?
Removal of the offending agent usually results in a gradual
resolution of the myoclonus.

HOW SHOULD MYOCLONUS
BE EVALUATED AND TREATED?

The evaluation and treatment of myoclonus begins
with a detailed history and physical examination, targeted
diagnostic studies, and, often, empiric therapeutics, which
in and of themselves have diagnostic value. The key to
the initial evaluation is to identify whether the myoclonus
is most likely a primary process, epileptic in etiology, or
secondary to another medical process.

History and Physical

The history and physical examination should be
used to delineate the distribution (eg, focal, multifocal,
generalized), temporality (eg, acuity of onset, continuous
versus intermittent, frequency of episodes, progression of
symptoms), and triggers for myoclonus (eg, spontaneous,
induced by reflex, induced by action).

Associated symptoms should be placed in the context
of signs of infection, toxic-metabolic derangements, or
neurologic derangements (eg, ataxia, cognitive decline).
The medical history should be assessed for seizure disorder,
known neurodegenerative processes, or chronic medical
conditions, which if not well controlled can lead to metabolic
disarray and to secondary myoclonus (eg, from hepatic
failure, renal failure, pulmonary disease, thyroid disease,
or diabetes). The family history should also screen for
rare causes of hereditary myoclonus or neurodegenerative
disease. A patient’s medication history should be scrutinized,
paying particular attention to medications recently started
and recently discontinued, as well as for use of illicit agents
and possible toxic exposures.

Diagnostic Studies

If the etiology of myoclonus is not immediately revealed
by the history and physical examination, selected diagnostic
tests should be performed in a step-wise fashion, guided by
the differential diagnosis.

All patients should be tested for basic chemistries (eg,
electrolytes, renal function tests, calcium, and magnesium)
to assess for electrolyte abnormalities or uremia as potential
metabolic etiologies. The serum blood glucose level should
also be checked, as both hypoglycemic and hyperglycemic
states are associated with myoclonus. If any degree of
encephalopathy is detected, it is also reasonable to screen
for hepatic failure (with liver function tests and a serum
ammonia level) and for hyperthyroidism and hypothyroidism
(with screening thyroid function tests). Exacerbation of lung
disease should raise concern for hypercapnia and lead to
consideration of blood gas determination. There should be
a low threshold for screening for drugs and toxins if there
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is any ‘suspicion-of undisclosed ingestions or use of illicit
or nonillicit psychoactive medication. A basic infectious
workup (with complete blood count, urinalysis, chest x-ray,
and blood cultures) should be pursued if there are localizing
signs of infection, fever, leukocytosis, or encephalopathy.

The next tier of diagnostic testing comprises dedicated
central nervous system testing. This testing includes EEG,
brain imaging, and CSF analysis. The EEG can identify
both ictal and interictal discharges in epileptic myoclonus
or characteristic disease-specific abnormalities (eg, periodic
sharp-wave complexes in Creutzfeldt-Jakob disease). The
EMG, together with the EEG, can assist in differentiating
among different mechanisms of myoclonus. Brain, with
or without spinal, imaging may reveal lesions or patterns
involving atrophy that support a specific etiology for
myoclonus. MRI is preferred over computed tomography
(CT) screening due to its increased sensitivity in identifying
specific lesions. Clinicians should have a low threshold for
performing a lumbar puncture and CSF analysis in cases in
which infection, inflammation, or certain neurodegenerative
processes are being considered. The CSF analysis should
include an opening pressure, cell count, gram stain/bacterial
culture, and protein/glucose levels, with additional testing
obtained for specific infectious agents and conditions (eg,
herpes simplex virus, varicella zoster virus, Cryptococcus,
syphilis, Lyme disease, or Arboviridae), inflammatory
processes (eg, with a paraneoplastic antibody panel), or
neurodegenerative processes (eg, 14-3-3 protein) on the
basis of clinical suspicion.

A substantial amount of time may pass between initiation
of the above diagnostic testing and determination of a
definitive etiology. During this period, a patient’s ongoing
myoclonus may be distressing to the patient and may actually
interfere with diagnostic testing. Under these circumstances,
empiric therapeutic trials (which often have diagnostic
value) should be started.

Treatment

The treatment for myoclonus is predicated on its
underlying etiology. In instances in which the myoclonus
is a primary process or the underlying etiology cannot
be easily reversed, treatments are directed toward the
underlying mechanism of the myoclonus (ie, cortical,
cortical-subcortical, subcortical nonsegmental, segmental,
or peripheral myoclonus). Due to the frequent lack of
efficacy of initial therapeutic options, polyphamarcy and
its consequences frequently complicate the management of
chronic myoclonus.

Cortical myoclonus. Cortical myoclonus is the etiologic
mechanism of the overwhelming majority of myoclonic
processes (including systemic infectious and metabolic
etiologies, drug/toxin, and neurodegenerative disease with
cortical involvement) seen in hospital settings. Accepted
therapies for cortical myoclonus include levetiracetam,'*!>
piracetam,'®!” clonazepam, and valproic acid.'8

Given their relatively favorable side effect profiles,
levetiracetam and piracetam are the preferred initial agents

for chronic cortical myoclonus, although multiple agents(in
combination) are often needed to achieve the desired effect.

Cortical-subcortical myoclonus. This is the mechanism
of myoclonus in the primary generalized epilepsy syndromes.
The treatments for these conditions are complex and
syndrome-dependent.

Subcortical-supraspinal (nonsegmental) myoclonus.
This mechanism underlies a heterogeneous group of
etiologies of myoclonus, including essential myoclonus and
opsoclonus-myoclonus. Evidence for treatment of these
syndromes varies based on the underlying diagnosis, but
therapies predominantly involve targeting the GABAergic
pathways through medications such as clonazepam. The
myoclonus-dystonia syndrome has at its mechanistic root
circuit abnormality in the basal ganglia, which is possibly the
reason for this syndromes’ responsiveness to anticholinergic
medications such as benztropine and trihexyphenidyl.
Several alternative medication classes and agents (including
antiepileptics, neuroleptics, serotonergic agents, and
levodopa)!® have been used with some success.

Spinal (segmental) myoclonus. This is the mechanism
of myoclonus seen in palatal myoclonus. Spinal myoclonus
is characteristically difficult to treat. Options include
local botulinum toxin injections?®?! or pharmacologic
management. Clonazepam is often used as a first-line agent,
and several alternative antiepileptic agents have also been
used with success.??

Peripheral myoclonus. This is the mechanism of
myoclonus seen in hemifascial spasm and spinal segmental
myoclonus. It is best treated with localized botulinum toxin
injections.?® Systemic medications have shown only limited
benefit in this subcategory.

CASE CONCLUSION

Several days after her psychotropic agents were
withheld and supportive care delivered, Ms A’s tremors
and myoclonus subsided, and she gradually regained her
baseline (conversant and pleasant) mental status. On the day
of discharge, she was ambulating with physical therapy and
felt much improved, with no recollection of the preceding
days. Given that a unifying, primary diagnosis could not be
made, her mental status changes and generalized myoclonus
were thought to be due to profound encephalopathy from a
urinary tract infection in the setting of multiple neuroleptic
and psychotropic medications.
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