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ARTICLE INFO ABSTRACT
Keywords: Myoclonus has multiple clinical manifestations and heterogeneous generators and etiologies, encompassing a
Cortical myoclonus spectrum of disorders and even physiological events. This paper, developed from a teaching course conducted by

Cortico-subcortical myoclonus
Subcortical myoclonus
EEG plus polymyography

the Neurophysiology Commission of the Italian League against Epilepsy, aims to delineate the main types of
myoclonus, identify potential underlying neurological disorders, outline diagnostic procedures, elucidate path-
EEG correlates and network evaluation ophysiological mechanisms, and discuss appropriate treatments.

Evoked potentials and reflex responses Neurophysiological techniques play a crucial role in accurately classifying myoclonic phenomena, by means of
High-frequency oscillations simple methods such as EEG plus polymyography (EEG + Polymyography), evoked potentials, examination of
Post-hypoxic myoclonus long-loop reflexes, and often more complex protocols to study intra-cortical inhibition-facilitation. In clinical

* Corresponding authors at: Department of Biomedical and Neuromotor Sciences, University of Bologna, IRCCS Istituto delle Scienze Neurologiche di Bologna, Full
member of the ERN EpiCARE, Bologna, Italy; Department of Biomedical, Metabolic and Neural Sciences University of Modena and Reggio Emilia, Director of
Neurophysiology Unit & Epilepsy Centre, AOU Modena.

E-mail addresses: stefano.meletti@unimore.it (S. Meletti), francesca.bisulli@unibo.it (F. Bisulli).

https://doi.org/10.1016/j.cnp.2024.10.001
Received 11 July 2024; Received in revised form 8 October 2024; Accepted 13 October 2024

Available online 22 October 2024
2467-981X/© 2024 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:stefano.meletti@unimore.it
mailto:francesca.bisulli@unibo.it
www.sciencedirect.com/science/journal/2467981X
https://www.elsevier.com/locate/cnp
https://doi.org/10.1016/j.cnp.2024.10.001
https://doi.org/10.1016/j.cnp.2024.10.001
https://doi.org/10.1016/j.cnp.2024.10.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cnp.2024.10.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

L. Canafoglia et al. Clinical Neurophysiology Practice 9 (2024) 266-278

practice, EEG + Polymyography often represents the first step to identify myoclonus, acquire signals for off-line
studies and plan the diagnostic work-up.

1. Introduction supplementary motor cortex have been shown to generate negative
myoclonus (Rubboli et al., 2006). Positive and negative myoclonus can

This paper collects information from a course on the various clinical- occur in combination in the same patient, and can present with various
pathological expressions, substrates, and implications of myoclonus. patterns, i.e. appearing as repetitive and quasi-rhythmic, or isolated and
The course was conducted in December 2022 in Rome by the Neuro- random events.
physiology Commission of the Italian League against Epilepsy. It has the Clinical, anatomo-neurophysiological, and etiological criteria have
following teaching objectives: i) providing a critical review of the been used to classify myoclonus (Fahn, 2002; Kojovic et al., 2011;
available techniques useful to classify myoclonus; ii) identifying the Merchant et al., 2020; Van der Veen et al., 2022). The clinical classifi-
major issues in the differential diagnosis and consequential therapy. cation recognizes several forms of myoclonus based on the relation with

the conditions in which it appears (action-induced, at rest, reflex), on the
2. The classification of the myoclonus topography (generalized, segmental, focal, multifocal), or on the time-
based features (rhythmic, irregular, periodic).

Myoclonus is defined as a jerky, shock-like involuntary movement, The anatomo-neurophysiological classifications derive from the
arising from the nervous system that is subtended by a brief synchronous possible sites of origin of myoclonus in the nervous system. The cate-
activation or deactivation of antagonist muscles and can thus be gories most frequently employed are cortical, cortical-subcortical,
distinguished in “positive” and “negative” myoclonus. Positive myoc- reticular, spinal, and peripheral myoclonus (Kojovic et al., 2011),
lonus is characterized by sudden, brief, single or repetitive contractions however, it is still debated whether this type of classification is sufficient
of muscle groups with variable topography (axial, proximal or distal to encompass the large variety of myoclonic manifestations (Carr, 2012
limb muscles), and can occur at rest (Fig. 1, left panel, top trace) or Jan).
during muscle contraction (Fig. 1, left panel, middle trace). The term The etiological classification defines four main groups: physiolog-
“negative myoclonus” (Fig. 1, left panel, bottom trace) defines an ical, essential, epileptic, and symptomatic myoclonus, the latter occur-
interruption of tonic muscular activity for less than 500 ms without ring in many neurological disorders, which can be further distinguished
evidence of preceding positive jerks (Blume et al., 2001; Fahn, 2002). into several subgroups (Fahn, 2002). The old definition of essential
Negative myoclonus can be overlooked, and a correct diagnosis requires myoclonus mainly refers at present to the genetically determined
adequate polygraphic investigations, aimed to document the eventual myoclonus dystonia syndromes (Marelli et al., 2008).

preceding time-locked cortical potential (defining the epileptic negative
myoclonus, i.e. ENM). Primary motor, somatosensory and
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Fig. 1. The three panels on the left represent three types of myoclonus. In the top panel: positive myoclonus at rest, which can affect the pair of antagonists, but also
occur on a single muscle; in the middle panel: typical positive myoclonus, which occurs during voluntary muscle contraction, with an almost rhythmic pattern; in the
bottom panel: negative myoclonus, which interrupts the contraction of a pair of antagonist muscles. The traces in A are the average obtained with the jerk-locked
back-averaging (JLBA) technique in a patient with subcortical myoclonus, affected with myoclonus-dystonia syndrome due to DYT11 mutation. There is no
correlated EEG event, the rectangle identifies the relatively long duration of the averaged myoclonic jerk. The traces in B represent the JLBA obtained on a cortical
myoclonus at rest in a patient with EPC. In this case, JLBA identifies the correlated EEG that precedes the myoclonic jerks by about 14 ms. The traces in C and C1
represent the findings in a patient with cortical myoclonus, affected with progressive myoclonus epilepsy due to CSTB expansion mutation (EPM1). Also in this case
the JLBA identifies the cortical transient that precedes action myoclonus. The lower panels are samples of the polygraphic signal. The rhythmicity of the positive
action myoclonus in C allows an analysis of cortico-muscular coherence (CMC) with a maximum peak on the contralateral central derivation (C3) and its localization
in a coherence map is represented in the panel below.
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3. Overviews of applicable techniques to study myoclonus

Myoclonus requires proper neurophysiological investigations to
explore the underlying pathological mechanisms and to achieve a cor-
rect diagnosis (Merchant et al., 2020 Jun 17; van der Veen et al., 2021).
Although the neurophysiological techniques listed below are all
important for the classification of the myoclonic phenomenon, there is
no precise information regarding the sensitivity/specificity of each
technique (Latorre et al, 2023). In clinical practice, EEG plus poly-
myography (EEG + Polymyography) may represent the first step for the
identification of myoclonus, the acquisition of signals for EEG-EMG
correlation studies and the setting of the subsequent diagnostic workup.

3.1. EEG plus polymyography with video recording

Polygraphy involves the simultaneous recording of multiple physi-
ological parameters. In this context, EEG + Polymyography refers to the
concurrent acquisition of EEG and EMG signals from muscles involved in
jerking movements. EEG + Polymyography is a primary technique for
detecting, classifying, and characterizing myoclonic phenomena
(Cassim and Houdayer, 2006). It is a relatively simple, inexpensive, and
non-invasive method, though careful technical execution is needed to
obtain recordings suitable for detailed analysis (see Fig. 1 A-C, top
panels and Fig. 2).

To optimize polygraphic recordings for patients with myoclonic
phenomena, several technical considerations are essential. The
recording environment should allow patient movement to evoke action-
induced myoclonus. Adding synchronized video recording is crucial,
with the camera focused on the affected body segment to document the
phenomena accurately. The positioning of the electrodes on the single
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muscle occurs via belly-tendon montage. Since myoclonus involves the
synchronous activation of antagonist muscles, surface electrodes must
be placed on various pairs of antagonist muscles to collect EMG signals
effectively. For accurate post-processing, such as jerk-locked back-
averaging (JLBA), the sampling frequency of the digitized polygraphic
signal should be sufficiently high (e.g., 512-1024 Hz) to detect the
abrupt onset of myoclonus.

During acquisition, optimizing the gain of the EEG and EMG traces is
essential for direct online evaluation and further tailoring of the
recording.

There is no fixed protocol for polygraphic exams; they must be
tailored to each patient. The muscles to be recorded should be chosen
based on the localization of the myoclonus, often comparing both sides
of the body. Different muscles and body segments should be recorded to
define temporal and spatial spread, measuring latencies between phe-
nomena at different locations. For instance, in cases of reticular myoc-
lonus, recording facial and cervical muscles (including orbicularis,
masseter, and sternocleidomastoid) helps distinguish cranio-caudal
versus caudo-cranial propagation. Additionally, recording proximal
and distal limb muscles assesses the conduction velocity of the efferent
volley.

Recordings should evaluate different conditions, including rest,
motor goal achievement, posture maintenance, and responses to stimuli
known to induce reflex myoclonus (e.g., tapping, flashes). Both body
sides should be activated separately using simple motor activations. For
upper limbs, the classic Mingazzini posture and sustained abduction of
the arms with elbows flexed and palms facing downwards (wing-
beating) are typical. Postures involving distal segments, such as carpi
extension, help preserve EEG quality by minimizing muscle artifacts. For
lower limbs, while the patient is sitting, legs or feet can be kept
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Fig. 2. Examples of subcortical myoclonus. Brainstem myoclonus characterizes a patient with Creutzfeldt-Jakob disease (CJD), with both positive (A) and pos-
itive-negative (B) jerks showing variable temporal association with the typical periodic sharp wave complexes (PSWC). Propriospinal myoclonus is represented in C
and D in a patient with a compression of the spinal cord at the lumbar level, starting on the right quadriceps but involving both sides and flowing from proximal to
distal muscles. The recordings of jerks considered as psychogenic myoclonus are represented in the panels E and F, showing a scattered muscle activation.
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extended, or the patient may be asked to stand if the movement disorder
appears only in an upright position. The recording must be precise
enough to allow for EEG-EMG post-analyses. For averaging procedures,
it is necessary to collect sufficient epochs containing the motor phe-
nomenon, as free from artifacts as possible. The onset of the myoclonic
EMG burst must be clear to perform consistent averaging, defining the
cortical-EMG relationship and clarifying the spreading and propagation
of the motor volley.

3.2. EEG (MEG) correlates and network evaluation

Post-analyses of EEG-EMG or magnetoencephalography (MEG)-EMG
signals, for identification of the EEG and MEG correlates typically make
use of the jerk-locked back averaging technique (Shibasaki and Kuroiwa,
1975). The procedure, according to Barrett (1992), uses the EMG signal
to synchronize the EEG average, by positioning the triggers at the onset
of the EMG bursts. The analysis window includes a sufficient period
before (at least 100 ms) and after the myoclonus (Fig. 1, A-C, bottom
panels).

Other methods should be applied in the case of quasi-rhythmic
myoclonus (Grosse et al., 2003 Feb). They make use of the cortico-
muscular coherence, allowing evaluation of the relationship between
the two signals.

When myoclonus has no identifiable correlate based on visual in-
spection of raw EEG or MEG signals, identification of a pre-myoclonus
cortical potential, using JLBA, or a significant peak of cortico-
muscular coherence during rhythmic phases is a fundamental indica-
tor of the cortical origin as typically observed in progressive myoclonic
epilepsies (PME). The genetic disorders giving rise to PMEs may present
clinically with heterogeneous phenotype and age. Even if “classical”
PME:s start in late childhood and adolescence and have been identified
for a long time, some other genetic disorders may start later (in juvenile
and adult age) or in early childhood (then evolving toward a PME)
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(Franceschetti et al., 2014; Courage et al., 2021). Furthermore, it is
necessary to consider that in some diseases, typically — but not exclu-
sively — in Lafora disease, many myoclonic jerks often occur in associ-
ation with epileptic paroxysms and should be distinguished from those
correlated with action myoclonus, being the latter a symptom which
typically identifies the PMEs. The evaluation of the corticomuscular
coherence and phase have been largely applied to PMEs, particularly
when exhibiting nearly rhythmic myoclonus, often triggered by action
(Panzica et al., 2003; Panzica et al., 2014) (see Figure 1, C1). In fact, in
the case of recurrent rhythmic jerks it can be difficult to perform an
average using JLBA due to the limited pre-myoclonus time. Addition-
ally, cortico-muscular coherence can give a quantitative evaluation, and
some research has demonstrated a correlation between the value of the
EEG-EMG coherence peaks and the severity of the myoclonus
(Canafoglia et al., 2011). Furthermore, studies have revealed that
diminished cortico-muscular coherence and alterations in cortico-
cortical connectivity in patients with PMEs are associated with the ef-
ficacy of the drug treatment (Franceschetti et al., 2021).

Additional studies of the involved brain networks can be performed
to further interpret the brain dysfunction and the recruitment of wide-
spread cortical circuitries underlying afferent and efferent cortico-
muscular relationships in PME patients with action-induced quasi-
rhythmic myoclonus (Panzica et al., 2014).

3.3. Evoked potentials, reflex responses, and the role of high-
frequency oscillations

Cortical reflex myoclonus, evoked by electrical shocks delivered to
the median nerve at the wrist, is often associated with giant somato-
sensory evoked potentials (SEPs). The pattern shows an extreme
enlargement of P25 and of the subsequent components, whereas the
initial component N20 is normal or only slightly enhanced (Avanzini
etal, 2016; Fig. 3, A). This is a typical feature occurring in patients with

C Enhanced LLR - Left hand

SLR LLR

D Normal LLR - Right hand

SLR

20 ms

Fig. 3. Example of unilateral giant somatosensory evoked potential (SEP) in a patient with EPC of the left orbicularis and left upper limb muscles (A). On the other
side, SEP is normal (B). The star indicates N20 which is bilaterally normal, while the following components are increased on the right sensory cortex only. In C
abnormal amplitude ratio between short latency (SLR) and long latency reflex (LLR), indicating unilateral facilitation of the LLR during moderate muscular activation
of the left hand. On the other side, always during moderate motor activation, SLR is well evident, while LLR scarcely defined and their amplitude ratio normal (D).

The arrow indicates the artefact due to electrical stimulation.
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“cortical” myoclonus, and in some patients with “cortico-thalamic”
epileptic myoclonus (Horlings et al., 2020 Jul). SEPs should be per-
formed with a low stimulus frequency (e.g. 1 Hz), to avoid the attenu-
ation of the enlarged middle and late components. For further in-depth
examination of the topic, see also Latorre et al. (2023).

The high-frequency oscillations (HFO) are small-amplitude waves
that appear in the first 20 ms of the SEP, observable after applying filters
in the 450 to 750 Hz band. The early burst of HFO, which precedes N20
peak, is probably generated by a presynaptic activity of the final part of
the thalamo-cortical tract whereas the late subcomponent, which fol-
lows N20 peak, is a post-synaptic response related to the activity of
inhibitory GABAergic inhibitory interneurons in the somatosensory
cortex. These components are frequently suppressed in patients with
cortical myoclonus; more rarely they can be delayed and enhanced.
They are not correlated with the amplitude of the cortical components of
SEPs. The study of HFO in patients with cortical myoclonus indicates a
possible heterogeneity in the pathophysiological mechanisms leading to
cortical hyperexcitability, although in most cases it can be considered
that hyperexcitability can be generated by an impairment of the inhib-
itory intracortical circuit (Alegre et al., 2006 Jun; Insola et al., 2019
Apr). Long-latency reflex (LLR) is a physiological motor response usually
assessed in the thenar muscles after stimulation of the median nerve
(Deuschl and Liicking, 1990). In normal subjects, it can be observed only
during muscle contraction, whereas it can be obtained in resting muscles
in patients with cortical reflex myoclonus. LLR complex can include
three subcomponents (LLR I, II and III). The LLR I (or C reflex) is
enhanced in myoclonus (most rarely LLR IIT) (Cruccu and Deuschl, 2000;
Deuschl and Liicking, 1990; Deuschl and Eisen, 1999; Latorre et al.,
2023). The afferent pathway of the reflex includes activation of Ia af-
ferents with action potentials travelling through the lemniscus pathway
and reaching the primary somatosensory cortex. A transcortical poly-
synaptic transmission of signals in the sensorimotor cortex is thought to
mediate the activation of the efferent pathway through the corticospinal
tract. In practice, the LLR evoked by electrical stimulation is the
equivalent of the phenomenon defined as “cortical reflex myoclonus”.
The LLR should be assessed both at rest and during motor activation. In
this latter condition, the amplitude ratio between LLR and short latency
response (SLR) is typically enhanced in patients with cortical myoclonus
(Fig. 3, C), but more rarely occurs also in some cases of subcortical
myoclonus, albeit with atypical characteristics or latency, thus it is
insufficient for conclusively discriminating the cortical/subcortical
origin of myoclonus.

A pathological change in the excitability of the primary motor cortex
(M1) has been identified as the underlying physiological basis in many
cases of cortical myoclonus (Shibasaki and Hallett, 2005). In this
context, motor-evoked potentials elicited by transcranial magnetic
stimulation (TMS) are particularly useful for directly investigating the
imbalance between excitatory and inhibitory networks within M1. Most
studies demonstrated a reduction of motor thresholds, along with a
significant decrease of short intracortical inhibition and a shorter
cortical silent period. These results put forward a significant excitatory-
inhibitory imbalance within M1 characterized by increased facilitation
and/or decreased inhibition involving glutamatergic and GABAergic
networks (Shibasaki and Hallett, 2005; Nardone et al., 2018; Dubbioso
et al., 2023). Interestingly, another TMS protocol, time-locked with
peripheral electrical stimulation, namely short-latency afferent inhibi-
tion, consistently shows paradoxical facilitation, suggesting abnormal
sensory-motor integration in patients with cortical myoclonus
(Shibasaki and Hallett, 2005; Dubbioso et al., 2022).

4. Cortico-subcortical, cortical reflex myoclonus and additional
presentations of cortical myoclonus

Cortico-subcortical (probably thalamo-cortical myoclonus) typically
occurs in myoclonic seizures and has been defined as “epileptic myoc-
lonus”. The large spectrum of epileptic myoclonus occurs in several
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distinct epileptic syndromes, namely juvenile myoclonic epilepsy but
also in many other epileptic disorders. Examples are some variants of
childhood absence epilepsy or epilepsy with eyelid myoclonia and ab-
sences; as well, more severe epilepsies in childhood such as Lennox-
Gastaut syndrome or myoclonic astatic epilepsy (Guerrini and Takaha-
shi, 2013).

ENM has been observed in a wide range of epileptic conditions with
different etiologies (idiopathic, symptomatic, genetic, or unknown)
usually associated with other seizure types (Tassinari et al., 1995). ENM
may rarely constitute the ictal event accompanying a photoparoxysmal
response (PPR) (Gambardella et al., 1996). Polygraphically, it appears as
an interruption of tonic muscular activity, time-locked to a spike on the
EEG, without evidence of an antecedent myoclonus (Tassinari et al.,
1995; Rubboli and Tassinari, 2006). Clinically, ENM can cause dropping
of objects from the hands, “tremulousness” of a limb with difficulties in
writing and feeding, head nodding, or, at times, gait instability and falls
(Capovilla et al., 2000). Despite the relatively short duration, ENM can
be so frequent as to lead to a severe motor disturbance resembling motor
neglect of the affected limb (Tassinari et al., 1995).

“Epileptic myoclonic seizures” may also occur in neurodegenerative
pathologies giving rise to progressive myoclonic epilepsies (PMEs), even
if in some of these disorders, “cortical reflex myoclonus”, mainly present
on action, dominates the clinical picture and is the most disabling
symptom, whereas the epileptic disorder can be quite limited.

Cortical reflex myoclonus, elicited by somatosensory stimuli and by
motor activation, typically characterizes the presentation of the PMEs,
with multiple etiologies, thus needing an early and specific evaluation.
In these cases, the study of both the EEG(MEG)-EMG correlates (see the
examples in Fig. 1C and C1), the SEP analysis, and the evaluation of
pathological reflexes (namely LLR) is fundamental for the diagnosis and
obviously has an important prognostic value. At the onset of the disease,
often in adolescence, the correct identification of action and reflex
myoclonus is fundamental for the differential diagnosis with respect to a
form of non-progressive myoclonic epilepsy.

Cortical reflex myoclonus may also occur as uncommon presentation
during the evolution in different neurodegenerative disorders such as
Alzheimer’s disease and some presentations of autosomal dominant
cerebellar ataxias (Caviness, 2019). Moreover, it can also occur in the
chronic stage of post-anoxic myoclonus coexisting with brainstem
(reticular) generated myoclonus.

4.1. Cortical tremor

Cortical tremor, unlike other types of tremors, is thought to be
generated by the sensorimotor cortex, being actually a type of cortical
myoclonus. Cortical tremor typically occurs with rhythmic or near-
rhythmic pattern over multiple muscle groups, predominantly in the
upper limbs. The frequency of this type of rhythmic myoclonus is often
lower than that observed in the classical forms of PMEs, thus inducing
the original definition of “tremor”. Cortical tremor is typically seen in
familial adult myoclonus epilepsy (FAME), also named benign adult
familial myoclonus epilepsy (BAFME) and familial cortical myoclonic
tremor and epilepsy (FCMTE), which is an autosomal dominant condi-
tion associated with occasional/rare convulsive seizures (Corbett et al.,
2019).

Neurophysiological evidence demonstrated a widespread cortical
hyperexcitability (Shibasaki and Hallett, 2005; Suppa et al., 2009;
Latorre et al., 2020, Dubbioso et al., 2023). Patients with FAME may also
show PPR, and EEG polyspikes-wave complexes. As occur in PMEs, JLBA
can reveal cortical spikes preceding and time-locked to individual
myoclonic jerks and abnormal corticomuscular coherence that demon-
strates a cortical drive for involuntary muscle activity (Shibasaki and
Hallett, 2005; Suppa et al., 2009; Licchetta et al., 2013; Latorre et al.,
2020; Dubbioso et al., 2023).

Patients with FAME usually also display “giant” SEPs and enhanced
LLR, similar to that found in typical PMEs (Shibasaki and Hallett, 2005;
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Suppa et al., 2009; Latorre et al, 2020; Dubbioso et al., 2023). TMS
studies demonstrate a reduction of motor thresholds and a significant
decrease in short interval intracortical inhibition and cortical silent
period, overall pointing to decreased inhibition in the primary motor
cortex (Shibasaki and Hallett, 2005; Suppa et al., 2009; Latorre et al.,
2020; Dubbioso et al., 2023). Cortico-muscular coherence can provide
distinctive elements to differentiate essential tremor and cortical
myoclonic tremor (Sharifi et al., 2021) and to define the location of the
involved cortical areas (Franceschetti et al., 2023).

4.2. Epilepsia partialis continua

Epilepsia partialis continua (EPC) is a variant of simple focal motor
status epilepticus including a peculiar condition in which focal jerks of
one part of the body may spontaneously recur with quasi-rhythmic/
periodic or irregular course for a prolonged period. Myoclonus has a
cortical origin, with possible involvement of subcortical structures
(Guerrini, 2009 Dec). Voluntary motor activity or sensory stimuli may
enhance the jerks. Rasmussen encephalitis is the most frequent cause of
EPC in childhood (Mameniskiene and Wolf, 2017).

EEG usually shows epileptiform and/or slow focal activity congruent
with the location of the muscle jerks. EMG polygraphy shows that the
bursts are often longer than 50 ms. The EEG transients correlated to the
jerks are often, but not always, evident at the visual inspection, therefore
in the latter JLBA needs to be performed (an example is reported in the
panels of Fig. 1B). In some cases, in EPC, SEP amplitude is unilaterally
increased, as well LLR can be enhanced on one side (Fig. 3).

4.3. Photic myoclonus

Photic reflex myoclonus occurs in many types of epilepsy, and it may
be associated with spontaneous myoclonus or myoclonus triggered by
other stimuli.

Studies from experimental animal models (photosensitive Papio
papio, or Guinea baboon) have demonstrated the cortical origin of the
myoclonus induced by visual stimuli (Naquet et al., 1987 Oct); the data
were confirmed in neurophysiological studies in humans (Rubboli et al.,
1999). Syndromes with epilepsy, photosensitivity and photic reflex
myoclonus include genetically generalized epilepsies, developmental
and epileptic encephalopathies, and PMEs (Hirsch et al., 2022; Riney
et al., 2022; Specchio et al., 2022).

The foremost mechanisms to generating photic reflex myoclonus is a
hyperexcitable visual cortex to flash stimuli, as revealed by single and
paired flash visual evoked potentials (F-VEPs) (Strigaro et al., 2012).
According to experimental and clinical studies, photosensitivity is the
result of a synchronous recruitment of large neuronal populations within
the visual cortex, which, at certain harmonic frequencies, overcomes the
inhibitory capability of the network, leading to a synchronous resonant
discharge (Fisher et al., 2005). It is assumed that a dysregulation of the
occipital-frontal pathways and their connections takes place, in response
to the abnormal visual stimulus processing (Parra et al., 2003;
Siniatchkin et al., 2007; Moeller et al., 2009; Visani et al., 2010; Varotto
et al., 2012; Vaudano et al., 2017) becoming capable to elicit myoclonic
jerks.

Additional information comes from flash-evoked high-frequency
EEG oscillations (F-HFOs), easily extracted from F-VEPs through
appropriate filtering, showing a consistently enhanced spectral power at
about 85 Hz, which suggests a pivotal role in the generation of the PPR.
TMS also showed an overactive visuomotor integration underlying the
fast spread of epileptic activity from posterior to anterior areas of the
brain, where epileptic myoclonus originates (Strigaro et al., 2015a;
Strigaro et al., 2015b; Suppa et al., 2015; Vaudano et al., 2017).

Intermittent light stimulation may induce the appearance of clinical
subjective manifestations and epileptic seizures, which include myoc-
lonus (orbitofrontal, eyelid, focal, generalized), tonic, absence, gener-
alized tonic-clonic, and focal seizures (Kasteleijn-Nolst Trenité et al.,
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2001). In recent years, a fundamental role has been attributed to genetic
factors in predisposing to photosensitivity, through complex inheritance
mechanisms. Genes associated with clinical and EEG photosensitivity,
with a predominant myoclonic phenotype, have been identified in epi-
lepsy syndromes of varying severity (Galizia et al., 2015; Johannesen
et al., 2016; Lo Barco et al., 2021). Photic reflex myoclonus is also a
hallmark of various PMEs, which can show PPR even at low frequencies
(Canafoglia et al., 2015; Avanzini et al., 2016 Sep 1; Riney et al., 2022;
Specchio et al., 2022).

5. Subcortical myoclonus

Subcortical myoclonus typically occurs in neurodegenerative disor-
ders and in genetically determined syndromes, such are those included
in the myoclonic dystonia (see the example in Fig. 1A). Brainstem
generated myoclonus typically occurs in post-hypoxic damage, and
Creutzfeldt-Jakob disease (CJD).

5.1. Propriospinal and spinal myoclonus

Propriospinal myoclonus (PSM) is a rare hyperkinetic movement
disorder, which could appear especially during relaxed wakefulness
preceding sleep onset (Antelmi and Provini, 2015). PSM consists in re-
petitive and arrhythmic jerky flexion, or less frequently, extension of the
trunk. The neurophysiological pattern of PSM suggests that the disorder
arises from a spinal generator, most commonly at the thoracic level with
a peculiar slow propagation (from 5 to 15 m/sec) up and down in the
spinal cord without any activation of cranial nerve-innervated muscles.
Polymyographic evaluation, showing a stereotyped pattern of muscle
activation with slow spinal conduction time, is mandatory for the
diagnosis (Fig. 2C and D) and represents a differential element with
psychogenic movements which show variable patterns of activation
(Fig. 2E and F). Differential diagnosis with psychogenic axial jerks can
employ detection of Bereitschaftspotential (BP), also called premotor
potential, which is a slow midline potential preceding the voluntary
motor phenomena, obtained using a procedure similar to JLBA. To
appreciate BP, it is necessary to remove the high pass filter. The detec-
tion of the BP in patients with axial jerks indicates a psychogenic origin
(Erro et al., 2013).

Spinal segmental myoclonus is the expression of a focal activation in
one or two contiguous myotomes, can be unilateral or bilateral. It
happens at rest and is rarely enhanced by somatosensory stimuli, is often
rhythmic, at low frequency and shows a long burst duration > 100 ms. It
is typically linked to lesions of the spinal cord that should be investi-
gated by neuroimaging (Apartis and Vercueil, 2016; Zutt et al., 2018).

5.2. Reticular myoclonus

It is a rare condition, due to hypersynchronous activity of neurons in
the brainstem reticular formation (Guerrini and Takahashi, 2013).

Polymyography allows evaluating the order of recruitment of the
muscles innervated by cranial nerves, where the sternocleidomastoid
muscle is the first muscle involved (Apartis and Vercueil, 2016). JLBA
typically shows inconsistent findings that exclude a cortical origin but
suggest a brainstem pacemaker. In Creutzfeldt-Jakob disease (CJD),
there is a variable relationship between the periodic sharp-wave com-
plexes (PSWCs) and the myoclonic events that can be positive or pos-
itive-negative (Fig. 2A and B) (Binelli et al., 2010 Dec 15).

5.3. Startle reflex myoclonus (and hyperekplexia syndromes)

The startle response can be elicited by an unexpected auditory, or
sometimes other types of stimuli including somaesthetic stimuli applied
to the head or face. Habituation of the generalized startle response is
rapid, although the blink reflex tends to persist.

Hyperekplexia consists of a pathologically exaggerated response to
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unexpected stimuli, particularly sounds (Brown, 2002). Hyperekplexia
can be genetically determined (Matsumoto et al., 1992 Jul) or symp-
tomatic (Salvi et al., 2000 Nov 14).

It is distinguished from the normal startle reflex by its lower
threshold, greater extent, and resistance to habituation. The normal
startle response habituates within one to five trials of auditory stimu-
lation repeated every 20 s or so, leaving only an auditory blink reflex,
whereas in hyperekplexia generalized jerks persist.

The startle response probably originates in lower brainstem; this is
supported by the pattern of the involvement of the cranial muscles.
Typically, in auditory startle the earliest EMG activity is in orbicularis
oculi, with sternocleidomastoid then masseter following, while in startle
due to taps to the face the shortest latency responses are recorded in
sternocleidomastoid and later in orbicularis oculi and masseter. More-
over, the EMG activity in trunk and limb muscles follows that in ster-
nocleidomastoid, usually at intervals that are longer than those seen for
activation through the pyramidal tract.

Therefore, from a practical point of view, the EMG polygraphy for
the study of the startle must always include the orbicularis oculi,
masseter and sternocleidomastoid muscles (with attention focused on
the sternocleidomastoid-masseter relationship so the earliest muscular
response is always in the sternocleidomastoid), and the proximal and
distal muscles of the limbs to evaluate the conduction velocity.
Furthermore, repeated stimuli must be applied to evaluate habituation,
thus distinguishing the forms of hyperekplexia (Brown, 2002).

A simplified startle protocol can also be applied in a diagnostic
setting using EEG-EMG recording to exclude significant cortical
changes, however for an optimal study it is necessary to consider the
need for extensive polygraphic recordings and standardized stimuli for
which a dedicated laboratory may be appropriate.

5.4. Sleep myoclonus

Although sleep is traditionally considered a period of quiescence, a
wide range of motor events, including myoclonic jerks are commonly
observed both during NREM and during REM sleep in physiological
conditions (Montagna, 2003). Hypnic jerks (HJ), otherwise known as
sleep starts or hypnagogic jerks, constitute a universal component of the
sleep-onset process, occurring in normal people and at any age. HJs
consist of non-periodic myoclonic movements of one or more body
segments, usually involving the trunk and upper and lower limbs
(Calandra-Buonaura et al., 2014). HJ are associated with autonomic
activation and sometimes with a sensory feeling of “shock” or “falling
into the void”. When particularly frequent and severe, HJs could be the
cause of insomnia; occasionally HJs enter the differential diagnosis of
epileptic seizures (Serino and Fusco, 2015).

The physiologic hypnic fragmentary myoclonus consists of sudden,
arrhythmic asynchronous and asymmetric brief twitches involving
various body segments, in particular distal limbs, and face, showing an
inverse relationship with the degree of sleep EEG synchronization.
Twitches are observed also during REM sleep and are considered
physiological until their frequency and severity interfere with sleep
continuity (Montagna, 2003).

Neck myoclonus (NM) is a recently recognized motor manifestation
and presents as sudden myoclonic dorsal or ventral flexion or version of
the head to one side, with varying amplitude. NM is common during
REM sleep and more frequent in younger individuals. NM appears as a
“short stripe-shaped movement-induced artifact” visible vertically over
the polysomnographic (PSG) traces. Based on its high frequency in
routine PSG recordings and apparently minor impact on sleep, NM is
considered as a physiological phenomenon (Frauscher et al., 2010).

Benign sleep myoclonus (BSM) in neonates and infants consists of
repetitive myoclonic jerks involving limbs, trunk, or whole body,
occurring typically from birth to six months of age. BSM occurs only
during sleep, stopping abruptly and consistently when the infant is
aroused.
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Nocturnal myoclonus is the term used by Lugaresi and colleagues to
describe Periodic Leg Movements during Sleep (PLMS) (Ferri et al.,
2017). PLMS are involuntary movements typically recorded from the
tibialis anterior muscle and closely resemble the triple flexion reflex,
which consists of dorsiflexion of the ankle and flexion of the knee and
hip. According to the international criteria, PLMS included all leg
movements lasting 0.5-10 s, separated by an interval between 4 and 90 s
and occurring in a brief series. The presence of PLMS is defined by an
index as > 15/h in adults and > 5/h in children (Ferri et al., 2017).

6. Different types of myoclonus in neurodegenerative and in
Metabolic-Toxic encephalopathies

Symptomatic myoclonus occurs in a wide range of neurodegenera-
tive diseases; usually unassociated with seizures, including dementia,
basal ganglia, spinocerebellar disorders (Table 1) (Caviness, 2019).

Table 1
Neurodegenerative and toxic-metabolic disorders associated with myoclonus.

I. Dementias

m Creutzfeldt-Jakob disease = Dementia with Lewy
Corticobasal syndrome, including bodies
corticobasal degeneration Parkinson dementia
Alzheimer’s disease Frontotemporal
dementia

II. Basal ganglia and other
neurodegenerative disorders
= Wilson disease
Torsion dystonia
Neurodegeneration with brain
iron accumulation
Progressive supranuclear palsy
Huntington disease, Westphal
variant
III. Spinocerebellar degenerations
m Progressive myoclonic ataxia
(dyssynergia cerebellaris
myoclonica/ Ramsey Hunt
syndrome)
Friedreich ataxia
Ataxia-telangiectasia
IV. Metabolic
= Hyperthyroidism
Hepatic failure

Parkinson disease
Multiple system atrophy
Dentatorubral-

pallidoluysian atrophy
Alexander’s disease

Spinocerebellar ataxias

(types 2,3,14,17,19,24)
Other spinocerebellar

degenerations

Multiple carboxylase
deficiency, Biotin

Renal failure, dialysis syndrome deficiency
Hyponatremia Mitochondrial
Hypoglycaemia dysfunction
Nonketotic hyperglycemia Hypoxia
Hyperglycinemia Metabolic alkalosis

Vitamin E deficiency
V. Toxic and drug-induced Myoclonus

Toxic Narcotics and opioids

Alcohol- chronic abuse and withdrawal Morphine
Aluminum Fentanyl
Bismuth Tramadol

Dichloro-diphenyl-trichloroethane
Heavy metal poisons

Methyl bromide and gasoline sniffing
Toluene abuse

Drug-induced

Psychiatric Medications

Cyclic antidepressants

Selective serotonin reuptake inhibitors
(SSRIs)

Monoamine oxidase inhibitors
Lithium preparations

Antipsychotic agents (including tardive
syndrome)

Anti-infectious Agents

Penicillin

Carbapenem classes

Cephalosporins

Antiseizure medications and
Anesthetics

Phenytoin

Carbamazepine

Valproic acid

Gabapentin

Pregabalin

Lidocaine

Midazolam

Cardiac Medications
Antiarrhythmics (e.g., amiodarone,
flecainide)

Calcium Channel Blockers
Contrast Media

Others

Amantadine

Levodopa

Metoclopramide
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Sporadic CJD accounts for ~ 90 % of cases with prion disease (Puoti
etal., 2012), and it is often associated with myoclonus. The phenotype is
influenced by the genotype at codon 129 of the prion protein (PrP) gene
and the type (1 or 2) of the scrapie PrP. The disease is characterized by
rapidly progressive dementia associated with myoclonus in 84 % of all
cases, and in up to 97 % of those with methionine/methionine or
methionine/valine genotype at codon 129 (Puoti et al., 2012).

In Alzheimer’s disease (AD) and in the most common degenerative
diseases with dementia — Dementia with Lewy Bodies (DLB) and
Frontotemporal Dementia spectrum (FTD) — the cumulative probability
of developing myoclonus is 42 %, highest in DLB (58.1 %) (Beagle et al.,
2017). In addition to DLB, other synucleinopathies with myoclonus
include Parkinson’s disease (PD) and PD with dementia, multiple system
atrophy (MSA) and neurodegeneration with brain iron accumulation
(NBIA). In PD, bilateral and non-synchronous, small amplitude postural/
action myoclonus can occur as a complication of L-Dopa/amantadine
treatment (Defebvre, 2006). A small-amplitude cortical myoclonus has
been documented in ~ 5 % of PD without dementia (Caviness et al.,
2002).

Myoclonus is reported in 55-93 % of corticobasal syndrome (CBS)
but in only 27 % of pathologically confirmed corticobasal degeneration
(CBD) cases (Armstrong et al., 2013). It is typically action-induced and
stimulus-sensitive, with a focal distribution involving the dystonic limb,
reflecting the asymmetric cortical and subcortical abnormalities on
neuroimaging. Neurophysiological findings show the involvement of a
subcortical network (Di Stasio et al., 2019).

Reflex myoclonus triggered at rest by several stimuli has been more
frequently reported in the patients with the cerebellar type MSA (cMSA)
than in those with the parkinsonian type (pMSA). However, distal
postural/action myoclonus has been frequently observed in patients
with pMSA and supposed to be of cortical origin (Salazar et al., 2000;
Okuma et al., 2005).

6.1. Drug-induced myoclonus

Drug-induced cortical or subcortical myoclonus can be due to a
broad spectrum of pharmacological products, including antipsychotics,
antibiotics, and anti-seizure medication (ASM). Liver or kidney
dysfunction may elevate the levels of certain drugs or their metabolites,
contributing to myoclonus. Typical and atypical anti-psychotics,
including quetiapine, may induce myoclonus (Velayudhan and Kirch-
ner, 2005). Lithium exposure can cause various types of myoclonus
(Rissardo et al., 2022). Among the movement disorders that can be
induced by ASM, myoclonus mainly depends on sodium channel
blockers, but also from drugs binding to calcium channels, inhibiting
gamma-transaminase or acting with multiple mechanisms (Rissardo
et al., 2023 Aug 18).

Drug-induced myoclonus needs to be recognized because it is
potentially fully treatable with the withdrawal of the causative drug.

Withdrawal of certain medications (i.e. sedatives and ASM) or toxic
agents (alcohol in chronic abuse) may also cause myoclonus (Kojovic
et al., 2011).

7. Post-hypoxic myoclonus

Post-hypoxic myoclonus (PHM) has different presentations depend-
ing on acute or chronic phase.

Acute post-hypoxic myoclonus appearing within 1 day of hypoxic
injury is usually generalized, and associated with coma, while chronic
post-hypoxic myoclonus appearing few days after the resolution of coma
is typically multifocal (Gupta and Caviness, 2016 Sep), and is variably
associated with dysarthria, ataxia, seizures, and/or cognitive deficits.
This condition is defined as Lance-Adams syndrome (LAS).

PHM is considered a marker of poor prognosis and is transient. Pa-
tients usually worsen (with death), continue in a chronic vegetative
state, or improve with or without LAS. If acute generalized PHM is
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continuous (for at least 30 min), it is also called myoclonic status. In the
presence of acute PHM, EEG may show: burst suppression, spike-wave
activity (both continuous and intermittent), myoclonic status epi-
lepticus, diffuse slow background and waves, and alpha coma. The EEG
discharges are variably associated with myoclonus but not time locked
to it. According to Hallett et al., 1977 Mar, PHM is originated in the
reticular formation of the medulla oblongata and called “reticular reflex
myoclonus.” This type of myoclonus is stimulus sensitive and general-
ized with initial activation of the muscles innervated by lower brainstem
nuclei followed by rostral and caudal recruitment spread. EMG dis-
charges in the affected muscles are brief (10-30 ms). Differently from
startle, the efferent pathway consists of rapidly conducting fibers, just
slightly slower than the most rapid motor fibers.

The observation of epileptiform abnormalities on the EEG, the
presence of giant potentials and the association with epileptic seizures
have also led to the hypothesis of a possible cortical origin of acute PHM,
at least in some cases (Bouwes et al., 2012 Aug). It is possible that the
association of cortical and subcortical lesions may lead to variable
myoclonic phenomena.

The PHM observed in LAS is multifocal and action-induced and may
be associated with giant evoked potentials and LLR facilitation, as in
cortical reflex myoclonus. In contrast to generalized myoclonus, chronic
PHM is therefore likely to originate in the cortex, but reticular reflex
myoclonus may also occur in some cases (Hallett, 2000).

8. Elements for differential diagnosis

Classification of myoclonus is needed to assess generators and hy-
pothesize possible etiologies. In particular, the identification and defi-
nition of myoclonus using electrophysiological tests helps to determine
its pathophysiology and can be used to orientate symptomatic treatment
approaches.

The diagnostic procedure includes basic neurophysiologic testing
and more complex techniques, but also imaging techniques that can be
essential in some conditions. Imaging may contribute to identifying the
origin and cause of myoclonus when it is clearly focal.

The clinical examination should characterize the amplitude, distri-
bution, time course, and activation characteristics of the myoclonus, but
the correct classification firstly requires the evidence of synchronous
activation of the antagonist muscles (that is clearly demonstrable only
by analyzing the corresponding EMG bursts). Various etiologies may
have typical findings.

Spinal, propriospinal and reticular myoclonus have quite stereo-
typed EMG activation; therefore, the investigation needs to be per-
formed to clearly determining the type and origin of the jerks, but
generally does not need complex neurophysiological tests.

Rarely, local lesions of the brain structures can be non-progressive or
acquired; in that case, imaging techniques add fundamental informa-
tion, but neurophysiological definitions supply information about
pathophysiology.

The diagnostic accuracy in case of cortical myoclonus can be
increased by combining the results of multiple tests (Latorre et al.,
2023). Figs. 4 and 5 summarize the basic tests and simple post-analysis
procedures that can help to define the type and origin of myoclonic
jerks.

9. Controversial issues

Two main critical issues came up during the didactic course and were
discussed to better define the problems and propose solutions.

A first issue concerns the use of some definitions; for example, the
distinction between “cortical” versus “epileptic” myoclonus is important
from a neurophysiological point of view and for the prognosis. Epileptic
myoclonus can be bilateral, even sometime asymmetric, when associ-
ated with diffuse spike and wave discharges. However, it must be
considered that “epileptic” myoclonus is also present, in association
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Site of
origin Peripheral Spinal Propriospinal Reticular
N ;
. L ost common etiology
Due to plexus, nerve, root lesion Infections, intramedullary |diopathic or f ticul | . t
Cause or rarely and extramedullary lesions, q " o o re_ leuarimyocionus |s.pos 3
. : ; ; associated with spinal cord anoxic damage to the reticular
anterior horn cell disease. Hemi trauma, vascular, degenerative s e
facial i d ical -
acial spasm is processes and cervical e onel May occur in Creutzfeldt—
the most common cause spondylosis "
/ ¢ Jakob disease
Main Usually stimulus-sensitive,

.. Local Jerks; clinical V\{ith jerks ftarting in the Axial or bilateral jerks
clinical Rhythmic or semi rhythmic identification of the involved mid-thoracic metameres, Can associate
features local jerks metameres propa.gatirlg up af_“f down, with cortical myoclonus in

MRI study of the spinal cord resulting in repetitive and post-anoxic damage
irregular movements
Conduction of the
jerks suggesting
I h EMG bursts range from Fixed pattern of muscle a reticulospinal
Pol ygrapny 50 ms to 200 ms or 100 ms or longer activation with slow Generation: ascending

longer. EMG bursts on
Simultaneous or

time locked on muscles
innervated by the

same nerve

Fig. 4. The origin, main causes, clinical features, and neurophysiological findings are

antagonist muscles
innervated by the
involved spinal region

to cranial muscles and
descending to limbs
and axial muscle
No cortical events
preceding the jerk or
variable time-relation
with periodic events

spinal conduction (5-
15 m/s), long EMG
bursts (100-1000 ms).
Bereitschaftspotential
should be studied

resumed for peripheral, spinal, propriospinal, and reticular myoclonus.

. Y
Site of Thalamus basal Cortical-subcortical .
origin . . Cortical EPC
ganglia (cerebellum) (thalamus- cortical)
/ Mostly in degenerative disorders
Mostly in including PMEs and other
Cause neurodegenerative disorders. Generalized epilepsies diseases (dementias), Angelman -
(cortico-basal degeneration), and childhood syndrome, metabolic diseases, 4 -
Rarely in non- epileptic encephalopathies drug intoxication, cortical Basmussenlencephialiti=
progressive subcortical damage dysplasias, childhood idiopathic
epilepsies
/ Multi-segmental jerks, / Multi-segmental jerks /ﬁ
Main often activated by : B Usually reflex to sensory
o movements. :;Iar::;aeltsze_:i:m:;lﬁ]e stimuli or active movements. Long lasting ictal events
clinical Less common: lateralized inv<y>lving up p‘er Tt (a: A The negative component of with repetitive, sometime p
features or segmental in case of local the jerks can be dominant. eriodic myoclonus
brain damage, often face) Cortical tremor is a type of
\\ activated by movements \\ cortical myoclonus
100 ms or longer Spo?tan?ous bilateral EMG bursfs <50 B Spontaneous unilateral
EMG bursts ictal jerks often ms (rarely brief atonic ictal jerks
Polygraphy Normal SEP, cranio- exceeding 50 ms, events). Positive JLBA often exceeding 50

caudal flow, absent
JLBA and cortico-
muscular coherence

corticomuscular flow,

associated spikes or
polyspikes and waves
(SEP can be enlarged)

or cortico-muscular
coherence, enhanced
(or giant) SEP,
enhanced LLR

ms with cortico-
muscular flow,
positive JLBA

N

Fig. 5. The origin, main causes, clinical features, and neurophysiological findings are resumed for thalamus basal ganglia (cerebellum), cortical-subcortical (thal-

amus-cortical), cortical myoclonus, and EPC.

with reflex myoclonus, in forms of PMEs and therefore requires a precise
and prognostically relevant differential diagnosis.

A second aspect is that the classification of myoclonus, often solely
based on clinical presentation, may induce incorrect diagnosis, thus
detailed neurophysiological study is needed to take away the errors
associated with misclassifying various jerk-like movement disorders.
EEG + Polymyography is the most important technique in defining
movement disorders, but it must be applied properly. Other neuro-
physiological techniques are important to distinguish cortical versus
subcortical myoclonus. However, they may fail to identify signs of
cortical hyperexcitability due to i) the antiepileptic treatment already
underway, ii) technical aspects or lack of correct normative data, iii)
different excitability of the sensory cortex compared to the motor cortex
(Latorre et al., 2023).
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10. Treatment

Treatment may be only partially beneficial and limited by side ef-
fects, as polytherapy with a combination of multiple drugs at high
dosages is often required (Levy and Chen, 2016; Stahl and Frucht, 2019;
Pena and Caviness, 2020). To date, evidence-based data about myoc-
lonus management remains scarce and treatment approach is mostly
based on expert opinions, results from case reports or small case series,
and very few controlled studies (Pena and Caviness, 2020; Caviness,
2019). Treatment options should consider also recent data on terato-
genic issues, with consequent restrictions on the use of different ASMs in
both females and males (Battino et al., 2024; Hernandez-Diaz et al.,
2024 Mar 21).

A neurophysiological-based approach to myoclonus is crucial since
different drugs may be effective for the different myoclonus subtypes
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Summary of the main pharmacological options for the different forms of myoclonus.

Drug  Dose Main adverse events Type of myoclonus
VPA 500-3000 mg/day into 2-3 daily doses Teratogenicity, hepatic failure, thrombocytopenia, pancreatitis, weight gain, Cortical, cortical-subcortical,
hirsutism, hair loss, tremor reticular, propriospinal
CLN 0.5-10 mg/day into 1-3 daily doses Sedation, cognitive dysfunction, irritability, ataxia Cortical, subcortical segmental
LEV 1000-3000 mg/day into 2 daily doses Psychiatric disturbances (irritability, psychosis) Cortical, cortical-subcortical,
propriospinal
PIR 9-45 gr/day into 2-3 daily doses Diarrhea, weight gain, somnolence, insomnia, nervousness, depression, rash Cortical, propriospinal
ZNS 100-500 mg/day into 1-2 daily doses Sedation, fatigue, psychomotor slowing, metabolic acidosis Cortical, subcortical
PER 2-12 mg/day once daily Irritability, sedation, dizziness, ataxia, cognitive dysfunction Cortical, cortical-subcortical
PB 50-200 mg/day once daily Sedation, cognitive dysfunction, osteoporosis Cortical, cortical-subcortical
LTG 100-600 mg/day 2 daily doses Dizziness, headache, blurred or double vision, tremor, insomnia, Steven-Johnson Cortical-subcortical
syndrome, toxic epidermal necrolysis
ESM 500-2000 mg/day 3 daily doses Anorexia, nausea, abdominal discomfort, headache, ataxia, dizziness, skin rash Cortical-subcortical
ENM in idiopathic partial epilepsies
in childhood
TPM 100-400 mg/day 2 daily doses Sedation, reversible cognitive dysfunction, weight loss, renal lithiasis, closed Cortical, cortical-subcortical
angle glaucoma
CBZ 300-600 mg/day 2-3 daily doses Dizziness, sedation, ataxia, nausea, vomiting, drowsiness, hyponatremia, PR Subcortical segmental
interval prolongation
GBP 900-1600 mg/day 3 daily doses Sedation, ataxia, dizziness, drowsiness, fatigue Subcortical segmental
BoNT  BoNT-A: 10-34 U, aboBoNTA: 53-160 U, weakness, dysphagia Segmental

rBoNT-B: 1250-9000 U

Legend. aboBoNTA: AbobotulinumtoxinA, BoNT: Botulinum toxin, BONT-A: OnabotulinumtoxinA, VPA: valproic acid, CBZ: carbamazepine, CLN: clonazepam, ENM:
epileptic negative myoclonus, ESM: ethosuximide, GBP: gabapentin, LEV: levetiracetam, LTG: lamotrigine, rBoNT-B: RimabotulinumtoxinB, PB: phenobarbital, PER:

perampanel, PIR: piracetam, TPM: topiramate, ZNS: zonisamide.

(Pena and Caviness, 2020, Caviness, 2019). Benzodiazepines, especially
clonazepam (CNZ) may be useful as monotherapy or add-on treatment
in different clinical contexts. However, sedative effect and development
of tolerance are common (Levy and Chen, 2016; Caviness, 2019). The
drugs and dosages are recapitulated in Table 2.

In EPC: Polytherapy with anti-seizure medications (ASM) is com-
mon; phenytoin (PHT) and phenobarbital (PB) may be more effective
than valproate (VPA) or carbamazepine (CBZ). Newer ASMs like leve-
tiracetam, brivaracetam, lacosamide, and zonisamide may also be use-
ful. Felbamate may be used in resistant cases. Rasmussen encephalitis
has been seen to be responsive to immunosuppressive agents such as
azathioprine, rituximab, tacrolimus, intravenous immunoglobulin, and
plasma exchange (Pellegrin et al., 2021 Jan 12; Flammer et al., 2023
Feb). Surgical interventions such as hemispherectomy may be consid-
ered in cases of Rasmussen encephalitis (Khan et al., 2023).

Cortical myoclonus. Cortical myoclonus is often responsive to
ASMs. VPA, levetiracetam (LEV) and CNZ represent the first-line treat-
ment agents. Piracetam (PIR), zonisamide (ZNS), and PB may be also
useful (Genton et al., 1999; Levy and Chen, 2016; Ferlazzo et al., 2017;
Caviness, 2019; Stahl and Frucht, 2019; Pena and Caviness, 2020). PIR
should be used at high dosages (Koskiniemi et al., 1998 Mar). More
recently, perampanel (PER) was demonstrated to be effective particu-
larly on action myoclonus in patients with Unverricht-Lundborg disease
and other PMEs (Crespel et al., 2017 Apr; Canafoglia et al., 2019 Oct;
Assenza et al., 2021 Mar).

Conversely, PHT, CBZ, lamotrigine (LTG), vigabatrin, gabapentin,
pregabalin and tiagabine should be avoided since they may exacerbate
myoclonus (Michelucci et al., 2016; Caviness, 2019). Alternative treat-
ments aimed at avoiding an excessive pharmacological load have been
applied in small groups, including the use of repetitive TMS (Nardone
et al., 2018; Rossi Sebastiano et al., 2018).

Effectiveness of ethosuximide in the treatment of ENM in children
suffering from idiopathic partial epilepsy has been demonstrated by
several studies (Oguni et al., 1998; Capovilla et al., 1999 Jun; Capovilla
et al., 2000).

Cortical-subcortical (thalamo-cortical) myoclonus: VPA is
considered the drug of choice (Pena and Caviness, 2020). LEV and LTG
can be used when VPA is ineffective or contraindicated, although cases
of worsening of myoclonus with LTG therapy have been reported
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(Specchio et al., 2008 Apr). CNZ and ZNS represent adjunctive treat-
ment options (Pena and Caviness, 2020).

Reticular myoclonus. VPA is usually considered as the drug of
choice in post-hypoxic myoclonus due to its high effectiveness on
myoclonus as well as on seizures and photosensitivity (Caviness, 2019).
PIR at high dosages, and LEV can also be useful.

Other types of subcortical myoclonus: In myoclonus-dystonia
syndrome, CNZ, ZNS, sodium oxybate, and tetrabenazine may be
effective (Priori et al., 2000). Deep brain stimulation targeting globus
pallidus or ventralis intermediate nucleus of thalamus should be
considered for refractory forms (Roze et al., 2015).

In spinal and propriospinal myoclonus, surgical removal of the
causative structural lesion may be effective. ZNS, CNZ, PIR, LEV, VPA,
CBZ, oxcarbazepine and baclofen can show some efficacy (Pena and
Caviness, 2020). Because of jerks’ extension limited to the muscles of
few myotomes, both palatal and spinal myoclonus can be effectively
treated with targeted botulinum toxin injections (Pena and Caviness,
2020).
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