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Abstract: Sleep-related hypermotor epilepsy (SHE) is a group of clinical syndromes with
heterogeneous etiologies. SHE is difficult to diagnose and treat in the early stages due to its
diverse clinical manifestations and difficulties in differentiating from non-epileptic events,
which seriously affect patients’ quality of life and social behavior. The overall prognosis for
SHE is unsatisfactory, but different etiologies affect patients’ prognoses. Surgical treatment is an
effective method for carefully selected patients with refractory SHE; nevertheless, preoperative
assessment remains challenging because of the low sensitivity of noninvasive scalp electro-
encephalogram and imaging to detect abnormalities. However, through a careful analysis of
semiology, the clinician can deduce the potential epileptogenic zone. This paper summarizes the
research status of the background, etiology, electro-clinical features, diagnostic criteria, prog-
nosis, and treatment of SHE to provide a more in-depth understanding of its pathophysiological
mechanism, improve the accuracy in the diagnosis of this group of syndromes, and further
explore more targeted therapy plans.
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Background

In 1981, Lugaresi and Cirignotta reported five patients with frequent clusters of
seizure events during sleep, clinically manifested by bizarre limb movements or
dystonic-tonic posturing.' These five patients responded effectively to carbamaze-
pine treatment but not to other antiepileptic drugs, and their interictal and ictal scalp
electroencephalogram (EEG) showed no significant abnormalities. Therefore, this
syndrome was initially considered a wake-triggered sleep motor disorder and was
first described with the term “hypnogenic paroxysmal dystonia” (Figure 1),” which
was later changed to “nocturnal paroxysmal dystonia” (NPD) (Figure 1).? In the
subsequent decades, there have been constant reports of patients with similar
clinical manifestations. Nevertheless, whether this syndrome is an epileptic condi-
tion is a subject of frequent debate. In 1990, Tinuper et al studied three patients with
typical NPD who had frequent seizures during non-rapid eye movement sleep
(NREM); two patients had generalized tonic-clonic seizures following typical
NPD seizures, and epileptiform discharges in the frontal area were observed on
ictal and interictal EEG. Therefore, they concluded that this NPD with a short
duration was an epileptic seizure of deep frontal lobe origin, also known as
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nocturnal frontal lobe epilepsy (NFLE) (Figure 1).* There
has been disagreement about the diagnostic criteria for
NFLE and difficulties in differentiating it from non-
epileptic condition. A consensus meeting including experts
in adult and pediatric epileptology, sleep medicine, and
epidemiology was held in Bologna in 2014 to better
characterize this disorder’s electro-clinical features and
develop more accurate diagnostic criteria. At this meeting,
the syndrome was renamed “sleep-related hypermotor epi-
lepsy” (SHE) as a unique syndrome independent of the
etiology (genetic, structural, or both) and the brain regions
involved (Figure 1). The following consensus were
reached: (1) seizures are predominantly experienced dur-
ing sleep rather than at night, and (2) seizures can origi-
nate not only in the frontal lobe but also outside the frontal
lobe, and there is no significant difference in epileptic
semiology characteristics.

Etiology of SHE

Most SHE cases are sporadic, with no clear etiology. The
main known etiologies include genetic and structural etiol-
ogies. Structural abnormalities include focal cortical dys-
plasia (FCD) and acquired injuries. In terms of clinical
presentation, there is no significant difference between
sporadic and familial cases, that is, autosomal dominant
sleep-related hypermotor epilepsy (ADSHE).*

Structural Etiology

FCD is the most common pathological manifestation in
patients with surgically treated drug-resistant SHE, espe-
cially FCD type I1.7® Previous studies have also shown
that FCD, particularly small FCD type II, frequently leads
to sleep-related epileptic seizures.” Abnormal neuronal
architecture within the FCD leads to abnormal synaptic
connections and neurotransmitter systems, resulting in
enhanced local epileptogenicity and the generation of
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Figure | Historical background of sleep-related hypermotor epilepsy.
Abbreviations: HPD, hypnogenic paroxysmal dystonia; NPD, nocturnal paroxys-
mal dystonia; NFLE, nocturnal frontal lobe epilepsy; SHE, sleep-related hypermotor

epilepsy.

various abnormal electrical activities. Nobili et al hypothe-
sized that the sleep-related seizures seen in patients with
FCD might be due to the specific electrical activity exhib-
ited by the dysplastic cortex, that is, short bursts of fast
discharge that can be suppressed by activity during wake-
fulness and are usually more sporadic during wakefulness
but increase in frequency during slow-wave sleep and can
be periodic. This characteristic low-amplitude fast activity
has also been observed in non-lesion areas around the
FCD during slow-wave sleep.® In surgically treated
patients with SHE, FCD, developmental tumors (eg, dys-
embryoplastic neuroepithelial tumor), brain trauma, and
ganglioglioma have also been reported.’

Genetic Etiology

SHE includes sporadic and familial forms, with approxi-
mately 86% of cases being sporadic and 14% being
familial.” Although the etiology is unknown in the vast
majority of patients, a small number of sporadic cases and
approximately 30% of patients with familial SHE are
associated with genetic mutations.”'® As a genetic hetero-
geneity syndrome, the severity of epileptic seizures in
SHE families varies greatly and may be related to muta-
tions in different genes.” We summarize the major genes
that have been reported in Table 1.

In 1995, Steinlein et al reported a missense mutation in
CHRNA4, which encodes the 04 subunit of the nicotinic
acetylcholine receptor (nAChR) in a family of 21 patients
with ADSHE and four carriers.!' Since then, mutations in
other genes, such as CHRNA2 and CHRNB2, have been
reported.'>'* nAChRs are widely distributed in the brain
and contribute to the regulation of sleep-wake oscillations
at the cortical and subcortical levels.'* However, the func-
tion of nAChRs is altered after mutations in the genes,
resulting in increased sensitivity to ACh, activation of the
ascending cholinergic pathway in the brainstem, and
enhanced GABAergic function,'” thus creating conditions
for sleep instability and the generation of epileptic sei-
zures. Up to now, the pathogenic and likely pathogenic
variants in CHRNA4 that have been identified include p.
Ser284Leu, p.Ser284Trp, and p.Gly307Val,'® which have
been summarized in Table 1. The table does not include
the p.Ser252Leu and p.Thr26Met mutations, as well as
two missense variants on the same allele of the
CHRNA4 gene: c.742A>T (11e248Phe) and ¢.1708G>C
(Gly570Arg),"” whose variants were anecdotally impli-
cated in inherited forms of SHE, but not confirmed in
other cases. Previous studies have identified V287L and
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Table | Pathogenic and Likely Pathogenic Variants in SHE-Associated Genes

Gene c.DNA Protein Mutation Inheritance | Frequency of Function Effects
Nucleotidic Aminoacidic Type Pathogenic
Change Change Variants
CHRNA4'¢"7 c851C>T p.Ser284Leu Missense Autosomal 2.9% Increased sensitivity to ACh
851C>G Ser284Ti Mi dominant
c. p.Ser’ rp issense (ADSHE)
c.920G>T p.Gly307Val Missense
CHRNB2'®° - V287L Missense Rare
- V287M
CHRNA2*' le279Asn Non- Rare
synonymous
substitution
c.754T>C p.Tyr252His Missense
KCNT]|'6232¢ c.2800G>A p-Ala934Thr Missense De novo 1% Domain allosterically regulate channel
opening and potassium ion permeation
c.|193G>A p-Arg398GiIn
c.2386T>C; p-Tyr796His
c.2782C>T; p-Arg928Cys
c.2688G>A; p-Met896lle
c.862G>A p.Gly288Ser
DEPDC5'%**3* | c.1165dupC p. Frameshift Unknown 3.9% the Loss of inhibition of the mTOR
Arg389Profs*2 highest pathway, resulting in overproliferation.
Warning of FCDs
c.1264C>T p.Arg422* Nonsense Paternal
c.193+1G>A p-(9) Canonical Maternal
splice- site
variant
c.1225delA p. Frameshift Unknown
Thr409Hisfs* | 5
NPRL2*® c.314T>C p.Leul05Pro Missense Maternal 1% Changing the GATORI protein
complex, thus affecting the mTOR-
c.100 C>T p-Arg34* N
signaling pathway
NPRL3* c.835_836insT p-Ser279Phe Frameshift Unknown -
fs*52
CRH*-% c. 89C>G p.Pro30Arg Missense Unknown Alter the ability of the cell to promptly
produce, process and secrete the
mature hormone
PRIMA| %% c.93+2T>C knockout of Splice site Autosomal - Enhanced cholinergic responses
PRIMAI. recessive
(ARSHE)

(Continued)
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Table | (Continued).

Gene c<.DNA Protein Mutation | Inheritance | Frequency of Function Effects
Nucleotidic Aminoacidic Type Pathogenic
Change Change Variants
STXIB¥ C.106-2A>G - Aberrant -
splicing/
mRNA
decay
CABP4*! c.464G>A p.G155D Missense Unknown - Decreases ion channel activation,
leading to reduced Ca2+
concentrations
PPTI* c433G>C p.GI45R - Autosomal - Neuronal ceroid lipofuscinosis
recessive
(ARSHE)
Tscl® c.843del p- Unknown Unknown (mTOR) cascade dysfunction
Ser282GInfs*36

Notes: Modyfied with permission from Licchetta L, Pippucci T, Baldassari S, et al. Sleep-related hypermo-tor epilepsy (SHE): contribution of known genes in 103 patients.

Seizure. 2020;74:60—64. Copyright 2020, with permission from Elsevier.'®

Abbreviations: SHE, sleep-related hypermotor epilepsy; ADSHE, autosomal dominant sleep-related hypermotor epilepsy; ARSHE, autosomal recessive sleep-related
hypermotor epilepsy; Ach, acetylcholine; DEPDCS5, pleckstrin domain-containing protein 5; NPRL, nitrogen permease regulator-like; GATORI, gap activity toward rags |;
mTOR, mammalian target of rapamycin; FCD, focal cortical dysplasia; CRH, corticotropin-releasing hormone.

V287M mutations in the CHRNB?2 gene, coding for the 2
subunit of the nAChR.'"®' Both mutations involve the
same residue, located, as the CHRNA4 mutations, that
cause nAChR functionality to change.'®?° Similarly, the
mutation on CHRNAZ2, resulting in the non-synonymous
substitution Ile279Asn, also increases the nAChR sensitiv-
ity, as observed in several ADSHE-linked mutations of the
ona4 and B2 subunits.’’ However, these mutations in
CHRNB2 and CHRNA2 are rare
ADSHE. 181921

Mutations in the KCNTI gene encoding subunit 1 of

in patients with

the sodium-activated potassium channel have been identi-
fied in some patients with ADSHE and comorbid psychia-
The
pathogenic mechanism of KCNT] mutations may be the

tric, behavioral, and intellectual disorders.?
increased firing frequency of pyramidal neurons and
attenuation of the inhibition of interneuron excitability,
leading to network de-inhibition and epileptic
seizures.”>** Previous studies have suggested that muta-
tions in KCNT! are associated with non-lesional SHE. In
a recent study, four patients with SHE were reported to
have mild malformations of cortical development
(mMCD) and KCNTI mutations. Three unrelated patients
with magnetic resonance imaging (MRI)-negative results

received a neuropathological diagnosis of FCD type I after

epilepsy surgery, and one case of periventricular nodular
heterotopia was detected by MRI. Studies have suggested
that KCNTI mutations are epileptogenic not only because
of excitability dysregulation due to the role of this gene in
controlling sodium-potassium transport but also possibly
due to mMCD. Thus, epilepsy caused by pathogenic var-
iants of KCNT! may include both lesional and non-
lesional epilepsy.”> We listed SHE-related pathogenic
mutations of KCNTI in Table 1; however, it should be
noted that even in members of the same family, the same
KCNTI mutation can either cause SHE or malignant
migrating focal seizures of infancy.”>-*°

In addition, loss-of-function (LOF) mutations in the
pleckstrin (DEP) domain-containing 5 (DEPDCJ5) gene
have been identified in some ADSHE-affected families,
and patients with DEPDC5 mutations have shown a high
rate of drug resistance.”” DEPDCS5 was previously thought
to be associated with familial focal epilepsy with variable
foci.?® The mechanistic target of rapamycin (mTOR) pro-
tein has serine-threonine kinase activity; it phosphorylates
several downstream proteins and regulates cell growth,
proliferation, and migration.”” GTPase-activating protein
activity toward the Ras-related GTPases (GATOR) com-
plex 1 (GATOR1) is upstream of the mTOR pathway and

negatively regulatess mTOR complex 1 (mTORC1).*%3!
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The GATOR1 complex consists of three proteins:
DEPDCS5, nitrogen permease regulator-like 2 (NRPL2),
and nitrogen permease regulator-like 3 (NRPL3). Thus,
LOF mutations in the DEPDC5 gene can lead to loss of
inhibition of the mTOR pathway, resulting in overproli-
feration, which leads to irregular growth of the lesion,
anatomical disruption of the neural circuit, and conse-
quently epilepsy. The mTOR pathway is involved in the
pathogenesis of brain malformations.**

DEPDCS5 shows the highest mutation frequency, espe-
cially in cases with a structural etiology.'® Thus, analysis
of this gene is recommended even in isolated cases. The
DEPDCS5 variants identified include four LOF variants,
namely, p.Arg389Profs*2, p.Arg422%c.193+1G>A, and p.
Thr409Hisfs*15.>** Furthermore, variants of the genes
encoding NPRL2 and NPRL3 were also confirmed, but
whether these mutations are pathogenic and their role in
the pathogenesis of SHE still needs to be confirmed in
further studies.” >’

In addition to the aforementioned mutations, an Italian
ADSHE family line study revealed a mutation in the CRH
gene.’® In 2013, Sansoni et al reported a novel mutation
(p-Pro30Arg) within the CRH gene cosegregating with
ADSHE d detected in an Italian family. The resulting
amino acid change in CRH was predicted to be pathogenic
(PolyPhen-2).2"*® The mutation appears to alter the ability
of the cell to promptly produce, process, and secrete the
mature hormone, but the direct role of the p.Pro30Arg in
the pathogenesis of SHE remains unclear.>’” Mutation of
the CRH gene has been confirmed in patients with
ADSHE, and variations in the CRH gene detected in
patients with SHE lead to altered hormone levels, suggest-
ing that individuals with such hormonal alterations may be
more susceptible to the disease.>’"

In 2015, Hildebrand et al reported a newly identified
autosomal recessive pathogenic gene, the PRIMAI gene of
chromosome 14 in the splicing site (C.93+2T>C), wherein
a homozygous mutation led to the skipping of the first
coding exon of PRIMAI mRNA and the deletion of the
PRIMAI gene. PRIMAI is a transmembrane protein that
anchors acetylcholinesterase (AChE) to the membrane of
neurons. Reduction of this gene leads to decreased AChE,
accumulation of acetylcholine and mutation of functional
effects of acetylcholine receptor subunits, leading to SHE.
Enhanced cholinergic response may be responsible for
severe intellectual disability in this family. This is the

first reported case of a recessive mutation of PRIMAI

associated with the disease but has not been confirmed in
other cases.*

Chen et al performed whole-exome sequencing in four
typical patients selected from a family line with seven
patients. They identified the CABP4 gene, encoding cal-
cium-binding protein 4, as a possible new pathogenic gene
for ADSHE.*' Mutation of this gene mainly affects the
calcium channel, leading to abnormal distribution of cal-
cium ions inside and outside the cell, thereby inducing
seizures.*' The STXIB gene encodes syntaxin-1B, which
is involved in the release of glutamate and GABA.
Mutations in this gene may disrupt the inherent splicing
receptor site, leading to abnormal splicing and resulting in
abnormal proteins or mRNA decay. STX/B gene mutation
may be related to the SHE phenotype and autonomic
dysfunction, characterized by peri-ictal hypotension, and
testing for this gene should be considered in such
patients.** In this study, a variant of unknown significance
was also detected in the PPT! gene (encoding palmitoyl
protein thioesterase 1), but whether it plays a role in SHE
needs further experimental verification.*? A case report
suggests that SHE may also be associated with mutations
in the 7SCI gene, which plays a pathogenic role in SHE
through the (mTOR) pathway.** Recent studies in epileptic
brain tissues have suggested that defective expression of
circadian locomotor output cycles kaput (CLOCK),
a transcription factor that regulates the circadian rhythm
and mTOR pathway, may be responsible for the predis-
position of epileptic seizures during sleep.**

The genetic and structural etiologies of SHE are not
mutually exclusive. In particular, patients with refractory
epilepsy with mutations in GATOR1-related genes com-
bined with cortical developmental malformations can ben-
efit from surgery. Therefore, patients with hereditary SHE
are not an absolute contraindication for surgery.

Electro-Clinical Features of SHE

Clinical Features

SHE is relatively rare, with a large retrospective popula-
tion-based cohort study showing its prevalence at approxi-
mately 1.8/100,000.*> According to previous reports, most
patients had disease onset before the age of 20 years,”*
with a predominance in childhood and adolescence,*®
although seizures originating in adulthood have also been
reported.’’ Epileptic seizures occur mainly during sleep,
mostly during NREM sleep, rarely during rapid eye move-
ment sleep, and occasionally during wakefulness.® Seizure
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frequency may be very high, with episodes occurring
every or almost every night, usually multiple episodes
per night.” “Clusters of seizures” are a diagnostic feature
but not required. As most seizures occur during sleep,
sleep disruption can lead to daytime sleepiness in
patients.*®

The primary forms of seizures are brief (less than 2
min), individualized and stereotyped hypermotor seizures”
with sudden onset and offset.>*** The clinical features are
vigorous hypermotor movements (eg, hypermotor proxi-
mal joint or trunk movements, such as limb kicking, arm
flinging, and body rocking),’>® usually accompanied by
vocalization, emotional facial expressions, and vegetative
symptoms.’®>! Asymmetric dystonic/tonic posturing with
or without head/eye deviation can also be observed in
patients with SHE.*¢->

In addition, patients with SHE often experience parox-
ysmal arousals (PAs) and minor motor events (MMEs).
PAs are characterized by sudden and brief awakenings
(lasting 5-10 s), sometimes accompanied by stereotyped
movements, vocalizations, nervous expressions, and
fearfulness.®*® Stereotyped movements may manifest as
sudden movements of the trunk and upper limbs, with the
patient appearing awake but unconscious and falling
asleep soon after the episode. MMEs are characterized
by brief (lasting 2—4 s), stereotyped movements involving
the axial musculature, limbs, and/or head.**>* In stereo-
PAs are

epileptiform

electroencephalography (SEEG) recordings,
with

discharges.”*>® However, it is difficult to ascertain

always  closely  associated
whether the MMEs should be regarded as an epilepsy
event.’*>’*% By analyzing SEEG recordings in patients
with SHE, Terzaghi et al found that more than two-thirds
of MMEs were related to epileptiform discharges, and the
variable expression of MMEs could not be attributed to the
presence of epileptiform discharges.> Current opinion
considers that MMEs are probably not true epileptic man-
ifestations but rather are motor manifestations with rela-
tion to sleep instability.”® Occasionally, patients will get
out of bed and run around repetitively. These movements
are called epileptic nocturnal wanderings, which are diffi-
cult to distinguish from sleepwalking.*® A video polysom-
nography (VPSG) study of 100 NFLE cases found that
sleep-associated seizure events of varying intensity (from
PAs to nocturnal wanderings) and duration may occur in
a single night in a given patient.*°

SHE seizures vary in complexity, ranging from sudden

46,59

arousal or mild motor events to hypermotor seizures,

and multiple seizure forms can be present in combinations
in a single patient, even during a single night. This may be
due to differences in the discharge duration within the
frontal lobe and the pathways that propagate within the
brain.>*%® As highlighted in
conference,’ SHE does not solely originate in the frontal

the 2014 consensus

lobes, and seizures initiated outside the frontal lobes may
also trigger hypermotor seizures or dystonic-tonic postural
seizures. A SEEG study in patients with drug-resistant
SHE confirmed that up to 30% of seizures were of extra-
frontal origin.®’ The extrafrontal epileptogenic zone (EZ)
reported in several studies also includes the temporal and
parietal lobes and the insula.>*?"°® The clinical features
of SHE of the frontal and extrafrontal origins are very
similar. Regardless of the origin, hypermotor seizures
and complex behavior occur when ictal discharges are
transmitted to structures such as the cingulate, frontal,
and parietal cortices.””

Increasing number of studies have reported that some
patients with SHE have cognitive deficits and behavioral
and mental problems.’*®”7" Studies have also reported
that SHE has negative effects on patients’ neuropsychol-
ogy, with 53.3% of patients presenting with neuropsycho-
logical defects and 15% diagnosed with intellectual
disabilities.”’ The cognitive impairment was more signifi-
cant in verbal IQ and extrafrontal and selective frontal
functions.”’ Furthermore, variables of clinical severity
(ie, high seizure frequency, status epilepticus, and bilateral
convulsive seizures, poor response to antiepileptic treat-
ment) were negatively correlated with memory and execu-
tive functions.”!

In addition to the variables of clinical severity men-
tioned above, it is currently believed that cognitive impair-
ment is also related to the following factors: 1. Genetic and
structural etiologies. Previous studies have shown that
patients with SHE with genetic mutations have lower 1Q
scores than those who have do not these mutations, irre-
spective of the specific gene.** Simultaneously, we also
believe that the neuropsychological damage caused by dif-
ferent gene mutations may have different underlying
mechanisms,”' which is corroborated by some clinical and
basic studies, for example, KCNT! mutations appear to be
associated with more severe intellectual impairment and
psychiatric symptoms;* GATORI expression related gene
mutations are associated with early-onset of epilepsy, cog-
nitive decline, and sudden death in patients with epilepsy,
and approximately 20% of patients may be associated with
cortical dysplasia,”* whereas several studies have described
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mutations in the genes coding for nAChR subunits (eg,
CHRNA4, CHRNA2, and CHRNB?2) with particular empha-
sis on the impact on frontal lobe functions. Animal studies
have also shown that S284L-mutation in CHRNA4 caused
several important functional associations with ADSHE and
its comorbidity of cognitive deficits.”*’® However, more
studies are needed to further investigate the genotype-
clinical correlation and their underlying mechanisms in
patients with SHE. 2. Sleep fragmentation. Most patients
with SHE experience frequent seizures, especially during
sleep, thus frequent seizures disrupt sleep architecture. It is
well known that sleep is crucial to learning and memory.
Sleep reactivates neuronal learning activities, allowing the
reprocessing of memories during both NREM and REM
sleep, which interact during memory consolidation.”” The
disruption of sleep quality caused by epilepsy (including
shorter total sleep time, poorer sleep efficiency, and pro-
longed sleep latency) may impair executive function and
memory.”® 3. The onset age. Animal model studies have
suggested that the cause of cognitive dysfunction due to
carly-onset epilepsy could be damage to neural regeneration
and the reorganization of synapses, resulting in the absence
of dendritic spines in hippocampal pyramidal neurons,”
thus raising the question whether there is a possibility that
the younger the age of onset of SHE, the more severe the
cognitive impairment will be and what the underlying
mechanism; these need to be investigated in future studies.

Seizure Semiology and Anatomoclinical

Correlation

Seizure semiology refers to the physical signs and symp-
toms of seizures dependent on the epileptic network
involved in the seizure, that is, the EZ and its propagation
networks.®® Epileptic seizures can involve multiple sites
sequentially and may combine multiple seizure types with
a relatively fixed order of evolution.®" Epilepsies originat-
ing in a particular brain region often have a relatively
characteristic clinical semiology.* Careful generalization
and search for this evidence can provide a more accurate
understanding of the seizure origin and epileptic network.
In the last decade, with the rapid development of SEEG,
the electro-clinical features of focal epilepsy and its rela-
tionship with functional anatomy have become clearer in
combination with semiology and structural and functional
imaging, and anatomical-electrical-clinical data provide
adequate evidence to locate the sites of origin of SHE
and the epileptic networks. Although semiology is

subjective in nature® and the symptomatogenic zone is
not equivalent to the EZ or seizure onset zone (SOZ),*>%*
there is a strong connection between the EZ and early
propagation networks;®' thus, early propagation networks
can be anchored by analyzing semiology patterns and
employed to find SOZ and predict the EZ.

Many patients with surgically feasible SHE have no
identifiable lesions on cranial MRI.* If, at the same time,
the scalp EEG in such patients does not provide sufficient
lateralization and localization information,* ictal semiol-
ogy is highly suggestive in the preoperative evaluation.
After targeting the region of interest by ictal semiology,
a more targeted review of MRI or its combination with
functional imaging data can help identify some subtle
lesions, improve the rate of positive results by MRI, and
facilitate a more precise prediction of the EZ, or provide
a basis for subsequent intracranial electrode implantation,
enabling a significant proportion of MRI-negative patients
with SHE to benefit from surgical treatment as early as
possible.

Aura

An aura is a completely subjective symptom that occurs
during an epileptic seizure, usually at the beginning of the
seizure, and therefore often provides very useful information
about the localization of the SOZ. Although most seizures in
patients with SHE emerge from sleep, patients have fewer
complaints about auras. Auras during wakefulness seizure
events in these patients may have localization values.*® For
example, abdominal auras, auditory auras, and déja vu sug-
gest that the seizure originates in the temporal lobe;® the
feeling of throat constriction, a choking sensation, and
unpleasant somatosensory auras, such as pain, suggest that

1
561 and

the seizure originates in the insula and operculum;
somatic sensations and complex proprioceptive sensations,
such as feelings of levitation, vertigo, and falling sensations,
suggest seizures originating in the parietal lobe.”** Cephalic
auras and whole-body auras have been observed in frontal
SHE; these auras can arise from the entorhinal cortex, lateral
temporal neocortex, second sensory area, and supplementary
sensorimotor area but often lack clear localizing value.***’
However, these nonspecific auras were common in both
frontal lobe epilepsy and the frontal SHE subgroup, thus

increasing the localization yield when present.’

Seizure Semiology Patterns of Different Origins
The semiological seizure classification of hypermotor sei-
zures was proposed and defined by Luders in 1998 and the
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terminology committee of the International league against
epilepsy in 2001.55%% To explore the epileptogenic net-
works involved in various types of hypermotor symptoms,
scholars such as Rheims® and Montavont® classified
(HMS)
(Figure 2): patients with HMS type 1 have strong negative

hypermotor seizures into three categories
emotions (eg, fear, anger) and agitated, but relatively
coordinated movements, including body rocking, pedaling
or boxing, and sitting or standing up from the bed;’>"
patients with HMS type 2 have relatively mild emotions
and less agitated movements, including horizontal move-
ments or rotation of the trunk and pelvis, accompanied by
tonic/dystonic postures, without leaving the bed;’**’ and
patients with the mixed type of HMS mainly present with
repetitive movements of the bimanual bipedal and pelvic
movements, including kicking and pelvic thrust, often
without leaving the bed, and these may be accompanied
by strong gripping or dystonia.** Gibbs et al analyzed the
SOZ of 135 patients with SHE confirmed by a video EEG
(VEEG) through preoperative anatomic-electro-clinical
data (including SEEG), postoperative head MRI, and post-
operative Engel’s classification and summarized four sei-

zure semiology patterns (SPs) of SHE:> SP1 involves early

elementary motor signs and asymmetrical tonic posture,
which may be combined with clonus; SP2 involves unna-
tural hypermotor movements, axial tonic posture, nonver-
bal vocalization, and facial contractions (ictal pouting);
SP3 involves integrated hypermotor movements, such as
pedaling behavior, which may be combined with distal
limb stereotypy, speech, and manipulation behaviors; and
SP4 is characterized by gestural behavior with high emo-
tional content, including strong negative emotions, fearful
facial expressions, and fight or flight behaviors, such as
paroxysmal wandering, which may be combined with
autonomic symptoms. In the above typing, if more than
one motor symptom is exhibited, the patient is typed
according to the earliest motor symptoms present.’

SHE of Frontal Lobe Origin

Based on functional anatomical and electro-clinical data of
the frontal lobe, the frontal lobe epileptic semiology pat-
tern and its localization value have been extensively stu-
died. The more posterior the EZ (ie, close to the caudal
primary motor cortex of the frontal lobe), the more likely
it is that elementary motor signs, such as clonus, contral-
ateral tonic posturing, and contralateral version, will be

HMS2 Relatively i S I hyp
« Early elementary motor signs (e.g., clonic, contralateral versive signs,
contralateral tonic posture, asymmetric tonic posture)

« Horizontal movements or rotation of the pelvis and trunk

« Generally keeping lying on the bed

Mixed pattern

« Pelvic and bimanual bipedal repetitive movements:
pelvic thrust and kicking

« Generally keeping lying on the bed

HMS1 Relatively integrated/natural hyp

» body rocking, kicking, pedaling or boxing

+ Negative emotional expression

« Sitting up or standing up behaviors

« Speech production

Figure 2 Schematic representation of the seizure semiology patterns of SHE derived from anatomical-electrical-clinical data.
Notes: The seizure semiology patterns were grouped in three categories (HMS type | and 2 and mixed type of HMS) and depicted by three different colors (red, light red,
and yellow). Although there were no strict boundaries among the color-coded groups, the specific HMS type contributed to the prediction of the EZ .

Abbreviation: HMS, hypermotor seizures.
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present during seizures.”® The more anterior the EZ (ie,
near the rostral side of the frontal lobe-frontal pole, orbi-
tofrontal cortex), the more coordinated the patient’s move-
ments will be during seizures, often accompanied by
emotional responses, such as fearful facial expressions.”
Fear-like behaviors are associated with the frontal or fron-
totemporal paralimbic system.’® SEEG data confirmed>>®’
that the SOZ suggested by different types of frontal HMS
also follow the “rostrocaudal axis pattern” of frontal semi-
ology (Figure 2). The SOZ associated with HMS type 1 is
concentrated in the ventromedial frontal cortex, including
the orbitofrontal cortex (OFC), rostral side of the anterior
cingulate cortex (ACC), and frontal pole.’*®® Discharge
during seizures can be transmitted to the temporal lobe,
caudal side of the ACC, insula lobe, and transitional cortex
between the prefrontal and premotor cortex. The SOZ
associated with HMS type 2 is mainly located on the
medial side of the premotor cortex, the caudal side of the
ACC, and transition cortex between the prefrontal lobe
and the premotor cortex.”>® The SOZ associated with
the mixed type of HMS is located primarily in the transi-
tional cortex between the prefrontal and premotor
cortices.®” Similarly, among the four SPs of SHE defined
by Gibbs et al,’ the frontal lobe groups of SHE follow an
“anteroposterior” distribution pattern, that is, the SOZ of
SP1 is mainly located near the precentral sulcus, and the
SOZ of SP4 is mainly located near the frontal pole and the
OFC. The SOZs of SP2 and SP3 are more dispersed but
follow the same “anteroposterior” trend. It is more difficult
to distinguish between SP2 and SP3, and they are not as
useful for localization as SP1 and SP4.° The correlation
between semiology pattern typing and the SOZ of both
Gibbs® and Rheims®* methods follows the same rule: from
the rostral to the caudal side of the frontal lobe, the
hypermotor symptoms range from complex to simple,
from relatively coordinated to uncoordinated or unnatural
hypermotor movements (often manifested as asymmetrical
hypermotor movements with dystonia), with more emo-
tional responses on the ventral side of the medial prefron-
tal lobe.”””" The OFC, dorsolateral prefrontal cortex,
amygdala, and ACC are key structures primarily involved
in the emotional regulation circuit, and abnormalities in
one of these interconnected structures or their interconnec-
tions can alter emotional regulation and increase impulsive
aggression and violent tendencies.”? Using
a computational model of EEG activity and nonlinear
correlation analysis, the correlations between certain spe-
cific structures of the emotional network (eg, the

amygdala, OFC, ACC, and temporal pole) were found to
be significantly reduced in patients with frontal lobe epi-
lepsy during the ictal phase compared to those during the
background phase; in particular, the correlation between
the OFC and amygdala was the most pronounced, thus
leading to inhibition dissolution of negative emotions and
corresponding agitated behaviors.”® This could explain the
negative emotions present in patients with SHE exhibiting
HMS type 1 and SP4 (Figure 2).

SHE of Temporal Lobe Origin

According to a summary of previous literature, patients
with temporal SHE have a greater tendency to exhibit
more integrated hypermotor behaviors (HMS type 1 or
SP3 and SP4), usually of the distal limbs and accompanied
by more intense negative emotions (Figure 2).>°*?> The
EZ of temporal SHE is mainly located in the anterior
inferior temporal cortex (parahippocampal gyrus, anterior
inferior temporal gyrus), temporal pole, and amygdala.”®"’
Readings from subdural electrodes in a hypermotor patient
with a temporal pole lesion confirmed that the low-voltage
fast activity at the seizure’s onset began in the inferolateral
anterior temporal lobe, and the patient developed hyper-
mobility symptoms when a slow-wave rhythm appeared in
the OFC, indicating that hypermotor seizures associated
with temporal pole lesions are caused by the spread of
discharges to the frontal lobes.”’”* The SEEG data also
confirmed that the temporal pole and OFC are the most
important in the HMS epileptogenic network of temporal
lobe origin and that the amygdala is also involved.”” As
previously mentioned, the diminished correlation between
these emotional network structures in the temporal pole
and the OFC results in emotion-related release signs. This
could also explain the negative emotions in the semiology
of patients with temporal lobe SHE.

SHE of Insula Lobe Origin

The insula lobe is a tissue deep in the brain covering the
frontal, parietal, and temporal opercula. Because of the
rich connectivity of the insula to the surrounding lobes,
discharges originating in the insula have multiple propaga-
tion pathways, including the lateral sulcus, frontal lobe,
and temporal lobe. Insular lobe epilepsy can mimic the
symptoms of frontal, temporal, and parietal lobe epilepsy,
often exhibiting a semiology of the cortices associated
with the areas of discharge propagation. Therefore, it is
difficult to diagnose clinically and tends to be misdiag-

nosed, and thus has been described as a great mimic.”®
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Many scholars have successively reported patients with
NFLE and insular seizure onset confirmed by intracranial
electrodes.®® These paroxysmal events mainly occurred
during sleep and presented with symptoms of horizontal
trunk hypermotor movements, asymmetric tonic/dystonic
postures, and asymmetric pedaling.””’ The SEEG record-
ings confirmed that ictal discharges started from the insula
and hypermotor manifestations appeared when they spread
to the cingulate cortex, superior frontal gyrus, supplemen-
tary motor area (SMA), and pre-SMA.***° Moreover, 5—
40 s intervals between the ictal onset and hypermotor
manifestations were observed using SEEG in these
patients,”” which also suggested that hypermotor seizures
in the insula are a symptom that appears after discharge
diffusion. Patients with insular SHE have a greater ten-
dency to show a semiology of HMS type 2 and mixed
types or SP1 and SP2, whereas, in general, SP4 is not
observed.” However, when the SOZ or propagation net-
works involve the anterior insula, it can be accompanied
by strong emotional responses. Ryvlin reported that three
patients had hypermotor seizures of anterosuperior insular
origin, confirmed by intracranial electrodes.®* Each patient
also expressed fear because the ventral anterior insula is
involved in emotional processing.'®'°! According to the
anatomic-electro-clinical data of insular lobe epilepsy by
Wang et al,'® based on the Brainnetome Atlas, the semi-
ology followed the anteroposterior “anteroventral to pos-
terodorsal axis” distribution pattern. The semiology
pattern in a group of patients with an epileptic network
involving the anteroventral insular regions showed inte-
grated gestural motor behaviors or feelings of rage or fear,
whereas that in a group of patients with an epileptic net-
work involving the posterodorsal insular regions showed
non-integrated gestural motor behaviors or asymmetric

tonic posture (Figure 2).'%?

SHE of Parietal Origin

In addition to the postcentral gyrus, the parietal cortex
includes the superior parietal lobule, inferior parietal
lobule, and parietal operculum.'® In previous studies,
the main clinical features of parietal SHE included asym-
metric “hypermotor” events and dystonia’' and were asso-
ciated with an SOZ in the inferior parietal lobule, parietal
operculum, or posterior cingulate cortex (PCC).%!:!0+105
Bartolomei et al analyzed 17 patients with epilepsy in
the posterior parietal cortex (including the superior parietal
lobule, inferior parietal lobule, and parietal operculum),'®

of whom four patients with EZs located in the parietal

operculum or inferior parietal lobule exhibited hypermotor
movements and dystonic or tonic posture, tending to fit the
HMS type 2 or SP1 and SP2 (Figure 2). In contrast, no
hypermotor seizures were observed in patients with epi-
lepsy in the superior parietal lobule. Contralateral dysto-
nia, and ipsilateral hemiballic-like movements could be
observed in patients with epilepsy in the inferior parietal
lobule and parietal operculum. The “hemiballic-like”
movement can be considered a useful clue to the localiza-
tion and lateralization of the SOZ.'®* The connection
between the parietal operculum and premotor cortex may
underlie the anatomy of hypermotor movement in patients
with parietal operculum epilepsy.'*®

In summary, seizure SPs facilitate the prediction of
SOZ localization in patients with frontal and extrafrontal
SHE. Based on the intracranial electrode data and evi-
dence of semiology, the anatomical-electrical clinical fea-
tures in patients with SHE are summarized in Figure 2;
however, it is worth noting that there are extensive func-
tional connections between the cerebral cortices, and the
propagation of discharges is dynamic and rapid. The mode
of propagation also affects the seizures’ clinical manifesta-
tions. Differences in SP reflect the spread of seizures in
different brain regions that may constitute different epilep-
togenic networks. Thus, although these localization trends
exist in different SPs, seizure SPs cannot be completely
and strictly separated from each other.

Electrophysiological Features and
Imaging Manifestations of SHE

Long-term VEEG monitoring can increase the chances
of detecting EEG abnormalities because the violent
movements of patients with SHE during seizures lead
to a large number of action artifacts in the EEG that
affect judgment, or the EZ may be at relatively deep
locations, such as the orbitofrontal gyrus or medial struc-
tures, so that ictal and interictal scalp EEGs often cannot
provide clear diagnostic information.®’ However, even if
the EEG fails to provide clear information, the diagnosis
of SHE may not be excluded.® Gibbs retrospectively
analyzed 58 patients with refractory SHE (43 in the
frontal lobe and 15 extrafrontal) who underwent surgery.
All patients underwent preoperative SEEG recordings
and achieved freedom from seizures at 2 years of follow-
up (Engel class I). The included patients were classified
as having seizures of frontal or extrafrontal origin,
according to the localization information acquired by
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SEEG.'"” The seizure duration was longer in the SHE of
extrafrontal origin than in that of frontal origin (mostly
less than 30 s), and the mean latency between the onset
of an electrographic seizure and the appearance of hyper-
motor manifestations of extrafrontal SHE was also
longer than that of frontal SHE. During video monitor-
ing, a latency > 5 s between the first observed action (eg,
eye-opening or a mild motor event) and the appearance
of hypermotor manifestations exhibited a diagnostic sen-
sitivity of 75% and a specificity of 90% for extrafrontal
SHE.'"” This time interval often coincides with the
patient’s duration of arousal, suggesting that it is not
the hypermotor behavior itself but the recruitment and
propagation of electrical activity that causes arousal in
patients with SHE.>® Considering that this feature can be
obtained through noninvasive video analysis, it could be
a valuable clinical clue for diagnosing extrafrontal SHE.

Gibbs et al analyzed 135 patients with SHE who under-
went epilepsy surgery, of whom 65% had MRI-identifiable
lesions. Of these, 52% had an MRI diagnosis of “probable
FCD.” Of the 47 patients with normal MRI results, the
most common postoperative pathology was FCD type II
(51%), followed by nonspecific gliosis (23%) and FCD
type I (21%).°

Diagnostic Criteria for SHE
As mentioned above, the diagnosis of SHE is mainly based
on the patient’s clinical history because of the limited
value of ictal and interictal scalp EEG for the localization
and lateralization of the SOZ in patients with SHE and the
low positive rate of neuroimaging (Table 2).

The diagnosis can be divided into three levels: wit-
nessed (possible) SHE, video-documented (clinical) SHE,
and VEEG-documented (confirmed) SHE.* In witnessed
(possible) SHE, semiologically, there are obvious and vio-
lent hypermotor events, generally concordant with those
documented by video analysis. Therefore, the data pro-
vided by a good clinical history are sufficient to diagnose
witnessed (possible) SHE. In video-documented (clinical)
SHE, at least one, but preferably two, complete events
(confirmed by the witness as typical) should be documen-
ted in the video records, including the onset, evolution,
and offset of the entire event. If a minor motor event or
paroxysmal arousal is captured, the clinical diagnosis may
not be reliable.* In VEEG-documented (confirmed) SHE,
the confirmation of a SHE diagnosis requires the use of
a VEEG of at least 19 channels, an electrocardiogram,
and chin

electrooculography, electromyogram.

Documentation should include daytime sleep recordings
after sleep deprivation or nighttime sleep recordings. The
diagnosis of SHE can be confirmed when hypermotor
seizures associated with definite epileptic discharges or
interictal epileptiform abnormalities are recorded during
sleep.* However, the proportion of seizures during sleep
to those during wakefulness is not currently specified in
the diagnostic criteria for SHE.

Differential Diagnosis and Overlap

Between SHE and Parasomnias

Great progress has been made in the identification of these
sleep-related seizures with hypermotor automatisms and/or
dystonic posturing as a unique syndrome. However, the
differential diagnosis between the syndrome and paroxys-
mal non-epileptic motor events may still be challenging.
Parasomnias are undesirable behavioral events or complex
motor that occur during entry to sleep, within sleep, or

during sleep arousal.'®®

Most feature nocturnal paroxys-
mal motor phenomena, and their distinction from SHE can
be difficult, particularly when distinguishing disorders of
arousal (DOA) or REM sleep behavior disorder (RBD)
from SHE. RBD is a common type of REM parasomnia
characterized by the loss of normal skeletal muscle atonia
with prominent dreaming and abrupt motor activity.'®
Complex behaviors with violent acts (punching or kicking)
or bed falls can also occur.''® RBD affects predominantly
elderly men (aged >50 years), and episodes prevail at least
90 minutes after sleep onset (more common in the second
half of the night).”> DOA are NREM parasomnias char-
acterized by complex, seemingly purposeful, goal-directed
behavioral events during NREM sleep.'®® The prevalence
of DOA in patients with SHE and their relatives is high,
and DOA and SHE may coexist in the same patient or
family members of the patient.*” Patients with sleep-
related motor and behavioral disorders present to
a variety of specialist outpatient centers (neurology, sleep
medicine, psychiatry). The difficult diagnosis leads to sig-
nificant distress for the patients, with consequences on
their quality of life. It is impossible to distinguish epileptic
seizures from parasomnias solely from certain semiologi-
cal manifestations (eg, screaming or walking). Different
core clinical features should be the first step for the differ-
ential diagnosis of SHE and parasomnias (Table 3).
Distinct from patients with SHE (as described in the pre-
ceding paragraphs), those with DOA usually present with

variable, complex, and non-stereotyped motor episodes.' "’
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Table 2 Diagnostic Criteria of SHE

Diagnostic Elements

Seizure features (essential

Sudden onset and offset, brief (less than 2 min), stereotyped motor patterns within individuals

clements) Motor patterns: vigorous hypermotor movements or asymmetric dystonic/tonic posturing
Abrupt arousal or aura at the beginning of the seizure (Awareness of episodes are not an exclusion criterion)
Seizure frequency: every or almost every night, usually many times per night (Clustering is characteristic but not
obligatory for diagnosis)

Age Occur at any age, predominance in childhood and adolescence (Seizures can also originate in adulthood)

Distribution of sleep/awake

Mainly during sleep, mostly during NREM sleep, rarely during REM sleep, and occasionally during wakefulness (No

seizures clearly defined standards of distribution of sleep/awake seizures)

Intelligence Usually have average intelligence, intellectual impairments have been reported (Intellectual impairments are not an
exclusion criterion)

Scalp EEG Definite epileptic discharges or interictal epileptiform abnormalities (Normal interictal or ictal scalp EEG are not

an exclusion criterion)

Diagnostic Levels

Witnessed/possible SHE

A typical clinical history (obvious and violent hypermotor events) provided by witnesses are sufficient

Video-documented/clinical
SHE

At least one but preferably two complete events (confirmed by the witness as typical) in the video records are
sufficient (A minor motor event or paroxysmal arousal by video records are not sufficient)

Video EEG-documented
/confirmed SHE

Hypermotor seizures associated with definite epileptic discharges or interictal epileptiform abnormalities

recorded during sleep, with the use of a VEEG at least 19 channels, an electrocardiogram, electrooculography, and

chin electromyogram

Documentation should include daytime sleep recordings after sleep deprivation or nighttime sleep recordings

Note: Data from references 4 and 151.

Abbreviations: NREM, non-rapid eye movement sleep; REM, rapid eye movement sleep; EEG, electroencephalography; VEEG, video- electroencephalography; SHE, sleep-

related hypermotor epilepsy.

Core clinical features are strongly supporting a diagnosis
of DOA include behaviors mimicking everyday activities
associated with physical or verbal interaction with the
environment (such as turning on the light, opening
a door or looking out of the window, using the mobile
phone, getting dressed, taking actions related to working
activity, doing make-up or preparing luggage).''* Patients
with parasomnia often have lower episode frequency and
longer episode duration than those with SHE.'"® The clin-
ical history alone is sometimes insufficient to provide
information for differential diagnosis but may still provide
clues for the further development of screening programs.
To obtain a systematic assessment of the diagnostic accu-
racy of clinical history in distinguishing SHE from para-
somnias, two instruments have been devised: the
Structured Interview for NFLE® and the Frontal Lobe
Epilepsy and Parasomnias scale.''* However, despite
their clinical usefulness, their diagnostic accuracy is

insufficient.''>!''® VEEG recordings might yield an
improved clinical discrimination, but not all patients with
SHE exhibit EEG abnormalities, and EEG epileptiform
abnormalities may also occur in some patients with
RBD.'” This adds to the difficulties of successful diag-
nosis. Standard VEEG, used to monitor for seizures in
inpatient epilepsy monitoring units, typically utilizes 19
EEG channels, electrocardiogram, and deltoids electro-
myography, without electrooculography and chin electro-
myogram. VEEG studies are not adequate for the purposes
of determining sleep state and provide insufficient infor-
mation regarding whether a potential sleep disorder is
present due to the lack of chin electromyogram and
respiratory channels. Video polysomnography was once
considered the gold standard for the diagnosis of parox-
ysmal nocturnal events. While standard PSG typically
utilizes 4-6 channels of VEEG, this is not sufficient to
EEG activity.''” In seizure

evaluate epileptiform
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Table 3 Differential Diagnosis of SHE

Clinical SHE DOA RBD

Features

Time of night No pattern Usually within 90 minutes of | At least 90 minutes after sleep onset, more common in
sleep onset the second half of the night

Sleep staging NREM I or Il NREM IlI REM

during daytime

Episode Stereotyped and purposeless Non-stereotyped variable Complex and rough

pattern but often complex

Episode Every or almost every night, usually Few per week Variable, can be every night

frequency many times per night

Duration of Brief, often less than 2 min 1-30 minutes Fewer than 10 minutes

episodes

Dream No Uncommon Yes

mentation

Eyes during Open Open Mostly closed

episode

Age of onset Variable, predominance in childhood | Childhood Older than 50 years in idiopathic cases
and adolescence

Family history | Common Common Rare

Episodes Sometimes No No

Notes: These clinical features are more prominent in one class than in the other; however, these divisions are not always absolute. Data from references.

111,113,121,149,150

Abbreviations: SHE, sleep-related hypermotor epilepsy; DOA, disorders of arousal; REM, rapid eye movement; RBD, rapid eye movement sleep behavior disorder; NREM,

non-rapid eye movement.

monitoring (whether PSG or VEEG), the amount of sei-
zures is often the limiting factor, as some patients have
a low seizure frequency. Home-made video can be very
useful in the diagnosis of major motor episodes when the
patients do not recall episodes. Due to this, combined
VEEG and PSQG, utilizing 19-channel EEG and other phy-
siological parameters, can assist in diagnosing suspicious
nocturnal events and differentiating between the presence

or bOth.4’118’119

of a parasomnia, seizure activity,
Considering the identification of semiology is highly
dependent on clinician expertise and skills, some scholars
have postulated that the relative time and stage of occur-
rence during sleep of minor and major episodes could
represent objective and simple criteria to discriminate
SHE from DOA. The occurrence of at least one major
event (complex arousal ambulatory movements in DOA'?°
and complex hypermotor seizures in SHE?) outside stage
N3 sleep was highly suggestive of SHE (accuracy = 0.898,
specificity = 0.949, sensitivity = 0.793), whereas the

occurrence of at least one minor event (simple and rising

arousal movements in DOA,'** MME and PAs in SHE?)
during stage N3 sleep was highly suggestive of DOA
(accuracy = 0.73, specificity = 0.723, sensitivity =
0.733)."*! Despite the majority of patients being diagnosed
with typical clinical history, 19-channel EEG recordings
combined with PSG, and homemade video, a substantial
number remain undiagnosed.

More and more researchers are starting to explore the
possible intrinsic link between SHE and some parasomnias
as they share common semiological features. It has been
speculated that the

observed with SHE and parasomnias are due to the activa-

similarities in motor behaviors
tion of central pattern generators (CPGs)."**!1?* CPGs are
groups of interconnected nerve cells in the spinal cord,
brainstem, and other subcortical regions that activate dif-
ferent motor neurons in the proper sequence and intensity
to generate stereotyped motor responses such as
locomotion.'?* In neonates, fundamental motor functions
(protective reflexes like grasping and avoidance, pedaling,

wandering, and cyclic leg movements) are carried out by
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CPGs. In adults, these motor behaviors are under the
control of the neocortex. Both physiological (sleep) and
pathological (seizure-related) conditions can also lead to
a transient loss of control of the neocortex with a lack of
CPGs inhibition.'**!*>'?¢ Thys, many scholars believe
that the release of inborn fixed motor behaviors may
account for the semiological overlap between SHE and
some parasomnias.’>'?*'?* These motor patterns are
already written in the brain codes (CPGs) but require
a degree of activation to become visibly apparent. In gen-
eral, arousal during sleep acts as a trigger releasing or
facilitating an encoded inborn fixed motor behaviors.>
Numerous studies have provided support for this point of
view and showed that a high number of micro-arousals
was seen in both SHE and NREM parasomnias.”'?” The
presence of sleep state instability is characterized by recur-
rent arousals that are thought to serve as the initiating
source of the NREM parasomnias.'*® SEEG studies have
shown that epileptiform discharges would act as an inter-
nal trigger increasing micro-arousal and sleep instability
and, in turn, enhance and modulate the occurrence of
motor events (epileptic or not) or different types of sleep
disturbances.”>%'2*13% On the other hand, the resulting
sleep instability might facilitate the production of epileptic
discharges in a bi-directionally influenced system and, in
turn, promote seizure activity.”>~*'?>!3% Thus, it is not
difficult to understand why the removal of the EZ after
epilepsy surgery may not only eliminate major epileptic
episodes but also improve sleep quality and sleep archi-
tecture (PSG documented).®'!

Several studies on the cyclic alternating pattern (CAP)
5032 CAP s
a physiologic component of NREM sleep that is function-

also arrived at similar conclusions.

ally associated with arousal oscillations, which is
a measure of NREM sleep instability.'**!** CAP is com-
posed of phase A (including sequences of K-complexes,
EEG arousals, bursts of polymorphic delta or alpha waves,
and vertex waves) and phase B (intervening background
between two consecutive A phases).'”® Phase A is the
EEG marker of cerebral activation and unstable sleep
phases, including cortical arousal, and for this reason, it
is considered a potential trigger of somatomotor
activities.'** Phase A of the CAP could not be only in
favor of the co-occurrence of MMEs and epileptic dis-
charges but also create a reciprocal facilitating effect. In
earlier studies, major motor episodes (lasting between 10
and 60 s) in patients with SHE were preceded by
a prolonged CAP sequence, which reflects a sustained

condition of sustained arousal instability.”>'** Taken
together, arousal plays a key role for the release of motor
activities, ranging from physiological body movements to
nocturnal seizure and NREM parasomnias. Whether the
motor outcome is a normal or a pathological motor epi-
sode will depend on a number of ongoing factors such as
sleep stage, the susceptibility of the patient, the nature of
the putative underlying lesion, and the location and extent
of the neural circuits involved.”> Mutations in the ACh
receptor have been identified in some patients with
ADSHE. Prior studies found increased nAChR density in
the superior area of the epithalamus and cerebellum in
patients with ADSHE'*® and increased nAChR density in
the epithalamus and interpeduncular nucleus in patients
with a sleep disorder."*” The increased acetylcholine may
participate regulation of sleep stability, especially micro-
arousals, by activating the hyperactivation of the choliner-
gic pathway ascending from the brainstem.'*'** Current
opinion tends to consider that the possible pathophysiolo-
gic mechanism of the intrinsic link between SHE and
parasomnias is the abnormal cholinergic arousal system.

Prognosis and Treatment of SHE

Prognosis of SHE

Licchetta et al followed up 139 patients with SHE for up
to 16 years, of whom 77.7% failed to reach 5 seizure-free
years, thus pointing to a poor prognosis of SHE.” The most
important factor affecting remission rates is the disease’s
etiology.” Any underlying brain dysfunction, including
perinatal insults, intellectual disability, abnormal neurolo-
gic examinations, structural brain abnormalities, and the
presence of seizures during wakefulness, is a negative
predictor of SHE prognosis.” Although sleep-related
hypermotor seizures are a hallmark feature of SHE, up to
half of the patients may experience seizures during wake-
fulness throughout their lifetime.'” Given the greater
impact on the quality of life (eg, driving limitations and
social discrimination) of the presence of seizures during
wakefulness in patients with SHE than that of seizures that
only occur during sleep, a further analysis by Licchetta
et al based on the same study population noted that the
probability of the appearance of epileptic seizures in
patients who only had seizures during sleep initially was
27%,"3° whereas that of the appearance of seizures during
wakefulness throughout their lifetime for patients who had
seizures during wakefulness from the beginning was
94%.'%
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Treatment of SHE
Carbamazepine inhibits the SHE-associated a4p2 and a2p4

149 thereby

subunits of the nicotinic acetylcholine receptor,
excitability

GABAergic activity in the thalamocortical system and hip-

inhibiting  glutamatergic and enhancing
pocampus, thus altering neuronal excitability.'*' Low doses
of carbamazepine (200-1,000 mg/kg) were effective in some
patients with SHE**'*? but appeared to be ineffective in at
least one-third of patients.'* In uncontrolled trials, oxcarba-
zepine and topiramate were effective against both familial
and sporadic ADSHE.'**'* Raju et al reported the signifi-
cant efficacy of oxcarbazepine in eight children with NFLE
who were nonresponsive to carbamazepine and other anti-
epileptic drugs.'* Most epilepsy cases caused by mutations
in the KCNT1 gene, which encodes a sodium-activated potas-
sium channel, are difficult to treat. Milligan et al suggested
that quinidine, a partial antagonist of the KCNT! channel,
could treat ADSHE due to KCNTI mutations.”* Quinidine
has been approved by the US Food and Drug Administration
for the treatment of epilepsy caused by KCNT/ mutations.
However, a placebo-controlled clinical study conducted by
Mullen et al confirmed the poor efficacy of quinidine on
ADSHE and showed that the drug could lead to serious
cardiac side effects.'*® The efficacy of quinidine as an emer-
ging drug for epilepsy treatment needs to be verified in
clinical studies with large sample sizes. Lacosamide acts on
slowly inactivated sodium channels and is a potentially effec-
tive adjunctive therapy for patients with refractory SHE.
Samarasekera et al treated eight patients with refractory
SHE with lacosamide (300—600 mg/kg) and reduced seizure
frequency by more than 50% in five patients and by 25% in
one patient.'*’ One of the pathogenic mechanisms of
ADSHE is gain-of-function mutations in the o4 or 2 sub-
units of nAChRs, and fenofibrate, a common lipid-
modulating drug, is an agonist of peroxisome proliferator-
activated receptor-alpha and a ligand-activated transcription
factor that negatively regulates the function of the
B2-containing nAChRs. A preclinical and clinical study con-
firmed the efficacy of fenofibrate in transgenic mice carrying
mutations in the a4-nAChR subunit homologous to those in
humans and patients with drug-resistant SHE, suggesting
a novel drug target for anti-epilepsy treatment.'*®

Gibbs et al conducted a 2-year postoperative follow-up
of 127 surgically treated patients with SHE, of whom 104
(82%) had an Engel class I outcome, including 86 (68%)
with an Engel class Ia outcome, and the lobar location of
the SOZ showed no significant effect on postoperative

outcomes.” Surgical treatment was effective in some
severe drug-resistant patients with SHE-associated with
FCD.® Genetic etiology is not a contraindication during
preoperative evaluation, although there have not been
many studies on the surgical outcomes of patients with

known genetic mutations.”

Summary

SHE is a group of etiologically diverse clinical syndromes,
and most SHEs have poor long-term control rates com-
pared to overall remission rates in epilepsy. After a careful
preoperative assessment, some drug-resistant patients with
these syndromes can benefit from surgery. In recent years,
anatomical-electrical-clinical data have improved our
understanding of the epileptogenic network of this group
of syndromes. And helped to predict potential EZs, which
subsequently leads to improved chances of a good surgical
outcome. SHE is characterized by the seizure pattern—the
strange, abrupt hypermotor movements sometimes with
high emotional content—which could be easily confused
with some parasomnias or psychogenic events. The unin-
formative scalp EEG and MRI of some patients make an
accurate diagnosis more difficult. This is especially rele-
vant for clinicians and families less educated in epilepsy.
The idea of a common semiology and genetic basis of
SHE and parasomnias opens an interesting new direction
for future research in this field. However, the epidemiol-
ogy of SHE has not been adequately studied, and the
relationship between clinical presentation homogeneity
and etiologic heterogeneity has not been -elucidated.
Large randomized controlled studies to verify the aspects
of treatment and prognosis are lacking. For this group of
syndromes, we need population-based, multicenter epide-
miological surveys and comprehensive analysis of data on
multiple aspects, including the incidence, characteristic
clinical seizure patterns, prognosis and disability rate,
and improvement in the diagnosis of SHE. With the devel-
opment of gene testing technology, more pathogenic muta-
tions of ADSHE will be detected. Until now, there was no
direct correlation between either known gene mutations
and the disease severity or genetic result and efficacy.
However, further studies will be required to establish the
genotype-phenotype correlations of SHE, and further
exploration of the effects of drugs and surgical treatments
in patients with different etiologies and research on the
disease’s etiology, especially genetic research, may pro-
vide new opportunities for targeted therapy for this group
of syndromes.
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