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We review the literature on REM parasomnias, and their
the underlying mechanisms. Several REM parasomnias
are consistent with sleep dissociations, where certain ele-
ments of the REM sleep pattern emerge in an inadequate
time (sleep paralysis, hypnagogic hallucinations and
cataplexy) or are absent/partial in their normal REM sleep
time (REM sleep without atonia, underlying REM sleep
behavior disorder). The rest of REM parasomnias (sleep
related painful erection, catathrenia) may have other still
unclear mechanisms.

REM parasomnias deserve attention, because in addition
to disturbing sleep and causing injuries, they may shed
light on REM sleep functions as well as the heterogeneous
etiologies of parasomnias. One of them, REM sleep
behavior disorder has special importance as a warning
sign of evolving neurodegenerative conditions mainly
synucleinopathies (some cases synucleinopathies them-
selves) and it is a model parasomnia revealing that para-
somnias may have by autoimmune, iatrogenic and even
psychosomatic etiologies.
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Attekintjok a REM-parasomniék irodalmét, és réviden
foglalkozunk a hatterikben 4llé mechanizmussal. A cso-
port tagjainak egy része alvdsdisszocidciénak felel meg,
ahol a REM-alvéds egyes elemei inadekvat fazisban
(példaul alvasi paralysis, hypnagog hallucinéciék) jelennek
meg, vagy forditva, elmaradnak/téredékesek a REM-alvas
alatt, amelynek egyébként fizioldgids részei (REM-alvés
izomaténia nélkil, o REM-magatartészavar hatterében
4llé rendellenesség).

A t8bbi REM-parasomnia (alvésfigg8 fajdalmas erectio,
catathrenia) hatterében egyéb, egyel8re tisztdzatlan me-
chanizmus dllhat. A REM-parasomnidk alvaszavart és
sériléseket okozhatnak, és tanulmdényozdsuk megvilagit-
hatja a REM-alvés funkciéit és a parasomnidk hétterében
all6 sokszin( etiolégidt. A REM-magatartészavarnak
kilénleges jelent6sége van: neurodegenerativ betegségek,
kilénésen synucleinopathidk eldjele (vagy kisérdje) lehet,
taldn maga is az. Egyben modell-rendellenesség, ami
autoimmun, iatrogén és pszichoszomatikus zavarok felta-
rasat teheti lehetévé.

Kulcsszavak: REM-alvés, REM-parasomnia,
REM-magatartdszavar, synucleinopathia
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he International Classification of Sleep
Disorders (2014) defines parasomnias as
unusual movements, behaviors, autonomic phe-
nomena and dreams during sleep. They may co-
occur with other sleep disorders e.g. obstructive

Elfogadva: 2021. szeptember 26.

sleep apnea syndrome, other parasomnias or epi-
lepsy'. Based on the hosting sleep stage, NREM-,
REM-sleep-related and other parasomnias are dis-
tinguished. We overview REM parasomnias focus-
ing on REM sleep behavior disorder (RBD).
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Physiology background

Sleep, regulated by intrinsic rhythm-generators and
environmental stimuli, is far from homogeneous. It
is composed of the cyclic alternation of non-rapid
eye movement (NREM) and rapid eye movement
(REM) sleep stages constituting the macrostructure
of sleep. Both REM and NREM sleep are under
homeostatic control>. REM sleep alternates phasic
and tonic phases* * while NREM sleep contains
multi-level oscillations as the cyclic alternating pat-
tern (CAP), the alternation of slow wave up- and
down states and possibly shorter rhythms?.

The pattern of REM sleep is made by the combi-
nation of striated muscle atonia, rapid eye move-
ments, dreaming, a desynchronized EEG activity,
“saw tooth” waves (STW), ponto-geniculo-occipi-
tal (PGO) discharges and rhythmic hippocampal
slow waves®.

The GABAergic inhibitory neurons in the dorso-
medial medulla (DmM) and the excitatory neurons
in the ventral medulla (VM; containing the GABA
synthesizing enzyme, glutamate decarboxylase -
GAD?2) initiate and maintain REM sleep, possibly
through their projections to the dorsal and median
raphe (DR; MR). During NREM sleep, their acti-
vity synchronizes with the infraslow oscillations of
the EEG spindle band, modulating the latency of
REM sleep episodes. Thus, dorsomedial and ventral
medullary neurons promote REM sleep, and their
slow activity-changes may coordinate NREM-
REM sleep transitions’.

STW are theta-range transients emerging from
the EEG background. They are joined by an
increase of variable frequency oscillations over
widespread cortical regions, suggesting an involve-
ment in cognitive processes®.

PGO waves are biphasic field potentials known
in several mammalians including humans®. Pontine
P-waves (parts of PGO waves) couple with hip-
pocampal slow oscillations — theta in mice, delta in
humans. Together with the bursts of hippocampal
CA1 neurons, they may coordinate brainstem and
hippocampal activity and participate in sleep-relat-
ed neural plasticity!® .

A recent revolutionary discovery has identified
Gg-type muscarinic acetylcholine receptors (Chrm)
1 and 3 as ‘dream genes’; their knock-out resulted
in short-sleeper phenotypes and loss of REM
sleep!> 13,

PHASIC AND TONIC REM

Phasic REM sleep features muscle twitches, rapid
eye movements, PGO waves and dreaming. In tonic
REM sleep with even EEG activity, the awakening
threshold is lower and the evoked responses resem-

ble those in waking® !4,

THE REM SLEEP NETWORK
Jouvet’s pioneer cat-brain trans-section experi-

ments'> have shown that the neural circuitry of
REM sleep nestles in the brainstem, mainly in the

BDNF: brain-derived neurotrophic factor
CA: cornu ammonis

CAP: cyclic alternating pattern

Chrm: muscarinic acetylcholine receptor
CeA: central amygdala

cLDTN: caudal laterodorsal tegmental nucleus
DLB: diffuse Lewy body disease

DmM: dorsomedial medulla

DR: dorsal raphe

DTI: diffusion tensor imaging

EEG: electroencephalography

EMG: electromyography

GABA: y-aminobutyric acid

HLA: human leucocyte antigen

LC: locus coeruleus

LH: lateral hypothalamic

LDT: laterodorsal tegmental (pontin)
LPT: lateral pontine tegmental

MCH: melanin-concentrating hormone
MN: motoneuron

ABBREVIATIONS

MR: median raphe

MRI: magnetic resonance imaging

NREM: non-REM

OX: orexin

PC: precoeruleus

PD: Parkinson’s disease

PGO: ponto-geniculo-occipital

PPT: pedunculo-pontin-tegmental

RBD: REM sleep behaviour disorder

REM: REM rapid eye movement

RSWA: REM sleep without atonia

SLD: sublaterodorsal

SSRI: selective serotonin reuptake inhibitor
SSNI: selective noradrenaline reuptake inhibitor
STW: saw tooth wave

SVH: spinal ventral horn

TDP-43: transactive response DNA 43 kDA binding protein
vIPAG: ventro-lateral periaqueductal grey

VM: ventral medulla

VmM: ventromedial medulla
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neurons of the lateral hypothalamus
stabilize REM sleep through their
receptors on 3/4 of SLD neurons,
increasing SLD’s downstream out-
put'’.

REM SLEEP PRESSURE AND HOMEOSTASIS

REM homeostasis is at least partially
independent from the circadian clock®'.
REM sleep pressure is mediated by a
brain-derived neurotrophic factor
(BDNF), accumulating after REM
GLU sleep deprivation?>. REM sleep depri-
vation links with changes in the hypo-
thalamic-pituitary-adrenal axis, meta-
bolic balance, thermoregulation and
the concentration of neurotransmitters
including steroid hormones and pro-
lactin®.

Figure 1. REM sleep network. The caudal laterodorsal tegmental
nucleus (cLDT), the sublaterodorsal (SLD) nucleus and precoeruleus
region (PC) comprise an executive pontine circuit element for REM

REM SLEEP EVOLUTION AND ONTOGENESIS
DURING THE LIFE-SPAN

sleep. REM-on glutamatergic neurons of the ventral SLD mediate REM

motor atonia through direct synaptic activation of glycinergic
interneurons of the spinal ventral horn (SVH) as well as via
GABAergic/glycinergic neurons of the ventromedial medulla (VimM).
Lateral hypothalamic neurons containing orexin (OX) provide excita-
tory and stabilizing synaptic control over LPT neurons. Cholinergic
laterodorsal tegmental and pedunculopontine tegmental (LDT/PPT)
neurons may produce REM sleep through activation of REM-on SLD
neurons. Lateral hypothalamic (LH) neurons containing melanin-con-
centrating hormone (MCH) also regulate REM sleep, possibly through

direct inhibition of REM-off vIPAG/LPT neurons®

dorso-rostral pons. A REM on/off system regulates
REM through multiple ascending and descending
sleep trajectories'® (Figure 1).

The rise of ACh from laterodorsal tegmental
(LDT) and pedunculopontine tegmental (PPT) neu-
rons promotes REM sleep through the activation of
REM-on glutamatergic sublaterodorsal (SLD) neu-
rons>. REM-on neurons’ activation (and concomi-
tant REM-off circuits’ inhibition) is supported by
the suspension of the tonic monoaminergic and
GABAergic inhibition present in wakefulness and
slow-wave sleep. SLD activity builds up the REM
sleep pattern throughout descending inhibitory sig-
nals generating muscle atonia and ascending activat-
ing pathways leading to cortical desynchronization.

The melanin-concentrating hormone (MCH)
neurons in the lateral hypothalamus have maximal
activity during REM-sleep regulating it by the inhi-
bition of the REM-off GABAergic, histaminergic
and mono-aminergic neurons'” 8, Also the orexin

Humans sleep less (~7 hours) than
other primates, have a higher ratio of
REM/ NREM sleep (~1:3.5) and a
higher sleep efficiency. The luxury of
excess REM sleep may be related to
humans’ ‘earthbound’ sleeping (with
no risk of drop-downs due to REM-
atonia)*. It may contribute to the ma-
turation of networks for innovation,
creativity and ideation®. Interestingly,
REM sleep is reduced in astronauts in
weightless environment, suggesting a role of gravi-
ty in REM sleep regulation?.

REM sleep dynamics vary with aging. Neonatal
sleep begins with ‘active sleep’ (continuous mixed
fast activity with rapid eye movements and muscle
twitches) the precursor of REM sleep, alternating
with ‘quiet sleep’, the precursor of NREM sleep?’.
Its amount declines in the first months/years, when
a regular alternation of NREM/REM sleep stages
builds up and wakefulness last longer. During
school-age, the amount of REM sleep declines fur-
ther, then it remains stable in adulthood undergoing
a slight reduction later?.

The functions of REM sleep
REM sleep is believed to be strongly linked with

mood regulation, creative problem solving and
emotional memory consolidation?*,
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REM sleep, too*. Dream reports can
be elicited after awakening from any
sleep stages, however, REM sleep is
considered the ‘“dream-phase” with
longer dreams and more bizarre con-
tents compared to NREM sleep*.

THE FUNCTION OF THE REM SLEEP-RELATED
MUSCLE ATONIA

The function of REM sleep-related
muscle atonia is mysterious. It certain-
ly protects the sleeper from acting out

Pons
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dreams, and the suppression of motor
activities can outweigh certain poten-
tially sleep-disruptive stimuli. In this

NREM sleep

regard, REM-dependent muscle atonia
is a sentinel of sleep resilience’.
During RBD episodes, the rigid

Figure 2. Schematic representation of NREM and REM sleep depend-

ent memory processes

muscle tone of Parkinson’s disease
(PD) patients normalizes®, suggesting
a correcting function of REM sleep for
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normal waking muscle-tone. Similarly,
PD’s muscle rigidity parallels the lack
of muscle atonia — REM sleep without
atonia (RSWA) —, the basic feature of
RBD, which is often a precursor and
companion of PD.
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THE REGULATION OF REM SLEEP ATONIA

The key members of the atonia net-
work are the SLD and the noradrener-
gic precoeruleus region (PC); addition-
ally, the caudal laterodorsal tegmental

. N
=

SLD - REM sleep
Atonia circuit

Spinal cord

nucleus (cLTDN), the mesencephalic
periaqueductal grey, orexin and me-
lanin cells of the lateral hypothalamus,

Figure 3. The sublaterodorsal nucleus (SLD)’s central role in REM

sleep atonia®

While the low level of acetylcholine in NREM
sleep favors the communication of the dorsolateral
prefrontal cortex and the hippocampus sustaining
the transfer and consolidation of declarative memo-
ry traces’' , the high level of acetylcholine in REM
sleep promotes ‘emotion-driven memory-process-
ing’ involving the amygdala, the anterior cingulate
and medial prefrontal cortices* (Figure 2). The
consolidation of fear memories during REM sleep
possibly contributes to post-traumatic stress disor-
der (PTSD)*. REM sleep allows novel associations
based on the information learned in NREM sleep™.
Synaptic pruning and selection is likely linked to

as well as nuclei of the ventromedial
medulla (VmM) participate in it*.

The glutamatergic activation of
REM-on neurons in the ventral SLD**#!
mediates REM motor atonia through two redundant
trajectories: recruiting glycinergic interneurons in
the spinal ventral horn (SVH) and GABAergic/gly-
cinergic neurons in the VmM; inhibiting SVH
motor neurons in both ways.

Silencing SLD neurons suspends normal REM
sleep muscle atonia resulting in RSWA, while its
selective activation favors cataplexy and sleep
paralysis®*. A direct noradrenergic pathway links
the spinal motoneurons with the locus coeruleus
(LC), and a serotonergic one with the dorsal raphe
(DR) both inhibiting the REM-atonia generation of
the SLD* (Figure 3).
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Table 1. REM sleep dissociation phenomena

Abnormally emerging/ State of appearance Duration

missing element of REM sleep
Sleep paralysis REM muscle atonia Sleep-wake transition Minutes
Cataplexy REM muscle atonia Wakefulness Seconds -minute;

sudden
Hypnagogic hallucination REM sleep dreaming Sleep-wake transition, Minutes?
sleep paralysis, cataplexy

Sleep attacks in narcolepsy REM sleep Wakefulness >Minutes
or Parkinson’s disease
REM sleep without atonia REM muscle atonia is absent REM sleep periods of REM sleep

or fragmentary

Parasomnias

SEVERAL REM SLEEP PARASOMNIAS REPRESENT
REM DISSOCIATION PHENOMENA

The separated ascending and descend-
ing pathways regulating the rostral and
caudal components of the REM sleep
pattern allow REM dissociation; i.e.
REM sleep elements as dreaming or
muscle atonia emerging separately in a
wrong time or missing in the right
time, during REM sleep (Table 1). Ca-
taplexy, sleep paralysis and hypnagog-
ic hallucinations make positive REM
sleep dissociation states (REM sleep
phenomena emerge in inadequate pha-
ses), while RBD represents a negative
dissociation, where the normal muscle
atonia is absent or fragmentary during
REM sleep (Figure 4).

SLEEP PARALYSIS WITH HALLUCINATIONS: REM
SLEEP ATONIA AND DREAMING EMERGE IN
WAKEFULNESS OR DROWSINESS

Sleep paralysis has been described in
as early as 1664, Over the centuries,
it has often been attributed to the pres-
ence of evil: demons, the old hag in
Shakespeare’s Romeo and Juliet. In the
frightening paralyzed state occurring
during sleep-wake transitions (instead
of REM sleep), the affected person
cannot move or speak for a few minu-
tes, experiences chest pressure, unable
to call, suffocating — “something is sit-

ting on the chest” — or feeling outside own body. It
resolves spontaneously or on called by name. Sleep
paralysis occurs solely or as a member of the nar-

(\\ - =_ -
Loss of orexin
neurons

Figure 4. Inappropriate activation of the REM sleep atonia circuitry
during wakefulness is thought to produce cataplexy. Glutamatergic
REM-active SLD neurons trigger the paralysis of REM sleep via stim-
ulation of the GABAergic/glycinergic cells in the VmM. These VmM
neurons send inhibitory projections to skeletal motor neurons. Under
normal conditions, strong positive emotions are processed via
GABAergic neurons of the CeA, which then inhibit cells in the LC and
VIPAG. However, in the absence of the LH hypocretinergic neurons in
cataplexy, this inhibition fails, so the REM sleep atonia circuit is
released from inhibition and triggers muscle paralysis while the indi-
vidual remains conscious. The inhibition of LC neurons during cata-
plexy removes noradrenergic inputs to motoneurons, thereby enhanc-
ing the muscle paralysis of cataplexy

> Attonusted inhbition|

----------- > ‘ Attenuated excitation |

CeA: central nucleus of the amygdala, GABA: y-aminobutyric acid,
LC: locus coeruleus, LH: lateral hypothalamus, VmM: ventral medial
medulla, SubC: subcoeruleus, VIPAG: ventrolateral periaqueductal
gray, MN: motoneuron

coleptic tetrad. Its family accumulation suggests a
genetic background*’. Polymorphisms in the PER2
(Period Circadian Regulator 2) gene, a component
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of the circadian clock mechanism, have been asso-
ciated with a predisposition to sleep paralysis*.

Multimodal hallucinations and lucid dreaming
co-occur in 75% of cases*- % Intruder (someone in
the room) and incubus type (someone carrying out
aggressive/sexual acts) hallucinations occur. Since
those hallucinations are perceived as real by the
individual, they may lead to even legal conse-
quences. Due to hallucinations with “demonic sig-
nificance”, the condition has been sometimes
linked to schizophrenia. Antidepressants (Escitalo-
pam, Venlafaxine) have been suggested for treating
the most disturbing cases, reassurance and tailored
psychotherapy (meditation-relaxation therapy) may
help.

REM SLEEP BEHAVIOR DISORDER: MISSING OR FRAGMENTED
REM MUSCLE ATONIA ALLOWS DREAM ENACTMENT

RBD has emerged out of the big bunch of night-
time confusional states and violent behaviors, the
latter reported by 1.7% of the population’!. First
described in 1986°2, RBD is a parasomnia, in that
the individual “effects” his/her dreams due to
RSWA, because the normal loss of muscle tone (a
transient global paralysis) of REM sleep, is
absent.

The International Classification of Sleep Dis-
orders (2014) suggested the following diagnostic
criteria for RBD: (1) repeated episodes of sleep-re-
lated vocalization and/or complex motor behaviors;
(2) these behaviors are documented by polysomno-
graphy to occur during REM sleep or, based on
clinical history of dream enactment, are presumed
to occur during REM sleep; (3) polysomnographic
recording demonstrates RSWA; (4) the disturbance
is not better explained by another sleep or mental
disorder, medication or substance abuse®.

RSWA is defined as sustained or intermittent
elevation of chin electromyographic (EMG) tone or
phasic chin or limb EMG twitching®* %, during at
least one third of the REM sleep period. Since the
persisting upper airway muscle tone may prevent
some apneic episodes, RSWA can be protective
against obstructive sleep apneas.

Despite the fact that RBD is a REM sleep disor-
der, it seems to affect sleep globally. Based on a
cohort study®, NREM micro-sleep instability ref-
lected by the rate of CAP was lower (sleep was
more stable) in idiopathic RBD patients compared
to controls. The reduction of CAP rate was even
more marked in the converter RBD-group (pro-
gressing to a Parkinsonian condition). Thus a lower
CAP rate signalized a higher risk for conversion
into a syncleinopathy.

RBD is categorized as idiopathic, or rather isolat-
ed when standing alone; and symptomatic or rather
combined when associated with other disorders or
states. The combined forms can be iatrogenic relat-
ed to medication and other substances. They often
associate to neurodegenerative diseases especially
a-synucleinopathies, as well as to tauopathies, TDP-
43-pathies (transactive response DNA 43 kDA bind-
ing proteinopathies), to narcolepsy and to any caus-
es affecting the REM sleep network™’.

Prevalence

The prevalence of isolated RBD is ~ 0.38%-2% in
the population >60 years-old and 5-13% in older
community-dwellers doubly affecting men®>°. An
equal gender ratio has been reported in younger age
groups®, often in combination with narcolepsy and
other conditions. There is a high rate of autoim-
mune comorbidity in women®'. The disorder is ten-
fold more frequent in patients with mental health
conditions. Additional risk factors include antide-
pressant use, low educational level, historic head
trauma, pesticide exposure, smoking, ischemic
heart disease, and inhaled corticosteroids®?.

Clinical features

RBD is characterized by sudden, vehement and
fragmentary movements and speech or shouts out
of sleep. There are frequent injuries caused by the
patient falling out of bed or the bed partner being
attacked by the half-sleeping patient enacting often
horrifying dreams®. RBD episodes favor the sec-
ond half of the night - the period of REM sleep
dominance; contrasting NREM parasomnia epi-
sodes emerging in the early hours of night sleep.
The patients remember their dreams often involving
elements of aggression or animals®* %4,

Melatonin 3-12 mg or clonazepam 0.5-2.0 mg
usually help. Clonazepam may aggravate obstruc-
tive respiratory events and cognitive symptoms;
melatonin is usually well-tolerated. Donepezil and
Vortioxetine are additional treatment options. Se-
cond-line therapies include temazepam, lorazepam,
zolpidem, zopiclone, pramipexole, ramelteon, ago-
melatine, cannabinoids, and sodium oxybate. A
bed-alarm system may protect patients leaving their
bed during episodes, and counselling or hypnosis
might help suppressing nightmares®: .

Aetiologies of RBD

Any etiology impairing the complex REM atonia
network may cause RSWA/RBD. The duration
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(transitory or chronic) and associated features
depend on the origin of the brainstem dysfunction
(drug, hypoxia in obstructive sleep apnea) or lesion
(neurodegenerative, inflammatory etc.)

RBD may be an early sign of neurodegeneration
offering an opportunity to understand, and - most
importantly - prevent or delay subsequent neurologic
impairment. In a seminal study on elderly patients
with isolated RBD, 80.8% developed a parkinso-
nian disorder/dementia during 16 years follow up,
with a mean delay of 14 years from RBD onset®’.
This high conversion-rate to neuro-degeneration
was confirmed later by many additional studies.

There is a striking specificity of RBD converting
to a synucleinopathy as PD, diffuse Lewy body dis-
ease (DLB), multisystem aptrophy (MS), spinoce-
rebellar atrophy type 2, Tourette syndrome, Mobius
syndrome or Smith-Magenis syndrome. The disor-
der also links to tauopathies and TDP 43-pathies as
Alzheimer’s disease, amyotrophic lateral sclerosis
and Huntington’s disease, Guadalopean Parkinso-
nism and progressive supranuclear palsy?>’ 38 62 68,
In a systematic review on 237 adult RBD patients
with a non-synucleinopathy neurology conditions
19% had brain lesions, typically in the brainstem.
Pontine ischemic lesions were the most frequent,
but other types of structural lesions and conditions
(including inflammatory, demyelinating and auto-
immune, 22%) occurred too. Alzheimer’s disease
developed in 12% of RBD cases and other tau-
opathies in 9%. The high prevalence (12%) of
Arnold-Chiari malformation highlighted the impor-
tance of brainstem involvement; suggesting the
pathogenic role of the affected network rather than
the type of lesion®. Based on clinical experiences,
these features of RBD appearing with narcolepsy,
do not progress to a neurodegenerative condition;
narcolepsy seems to be protective in that respect.

Imaging features of RBD may mark the risk for
Parkinson’s disease

RBD-related brain changes were detected in vivo
with structural MRI and diffusion tensor imaging
(DTI): microstructural changes in the white matter
of the brainstem, the right substantia nigra, the
olfactory region, the left temporal lobe, the fornix,
the internal capsule, the corona radiata, and the
right visual stream’™. The progression of RBD
linked with parieto-occipital and orbitofrontal thin-
ning as well as visuospatial loss, while the cognitive
decline associated with parietal degeneration’'.
Isolated RBD patients’ decreased striatal DAT
binding’?, the loss of nigral hyperintensity on 3.0-T
MRI and transcranial echo may predict short-term

progress of RBD to synucleinopathy’®. Multimodal
MRI, neuro-melanin-sensitive volume-, and signal
intensity measures discriminated RBD patients
from controls and predict a Parkinsonian progress’™.

RBD caused by autoimmunity: anti-IgLONS disease
Growing number of diseases have been recognized
to have unexpected inflammatory or autoimmune
etiologies e.g. PD, Alzheimer’s disease’ and nar-
colepsy’”” as well as paraneoplastic limbic ence-
phalitis and Morvan syndrome. A human leucocyte
antigen (HLA) association is usually considered a
hint to autoimmunity e.g. in narcolepsy, which is
another REM sleep dysregulation syndrome some-
times overlapping with RBD and carrying the
strongest HLA Class II association among all dis-
eases’®. Also RBD link with HLA class II genes:
84% of 25 RBD patients carried the DQwl
(DQB1*05,06) alleles and 28% were DR2 positive™.

The possibility of RBD with an autoimmune
background is revealed by the recognition of a
novel autoimmune-neurodegenerative disease-
spectrum anti-IgLONS disease, manifesting combi-
nations of parasomnias, obstructive sleep apnea
syndrome with stridor, bulbar and limb movement
disorders, axonal neuropathy and cognitive loss®.
As an autoimmune tauopathy®!, anti-IgLONS5 dis-
ease models the link between autoimmunity and
neurodegeneration®?. The hallmark of the disease is
the presence of antibodies against IgLONS, a neu-
ral cell adhesion protein of unknown function. The
effect of immunotherapy is not yet clear. About
80% of anti-IgLLONS patients present with sleep-
related vocalizations, movements and behaviors as
well as sleep-disordered breathing at age> 60, with
an equal male/female ratio. Neuropathology exam-
ination shows an atypical neuronal tauopathy with
neuronal loss and gliosis in the hypothalamus and
brainstem tegmentum?®-*, Video-polysomnography
may reveal a NREM parasomnia with sleep-talking,
simple or finalistic movements, poorly structured
N2 sleep, obstructive sleep apnea with stridor and
RSWA. A lymphocytic pleocytosis was found in
one patient. Four syndrome combinations have
been delineated: (1) insomnia, parasomnia and dis-
ordered breathing; (2) a bulbar syndrome + saliva-
tion, stridor, even acute respiratory failure; (3) a
supranuclear palsy-like syndrome; and (4) cogni-
tive decline with figural and working memory
impairment, with or without chorea. Most patients
carry the HLA-DRB1*10:01 and HLA-DQBI1*
05:01 haplotypes (the same as isolated RBD pa-
tients) and have IgLONS antibodies both in serum
and cerebrospinal fluid. Anti-IgG1 and -1gG4 anti-
bodies are found®®.
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RBD variants and the differential diagnosis of
RBD

In overlap parasomnias, status dissociatus and ag-
rypnia excitata, fragments of partial wakefulness,
NREM and REM sleep amalgamate in irregular
combinations, sometimes underlined by brainstem
disorders, encephalopathies, neurodegeneration or
autoimmune encephalitis.

Sleep-related epileptic seizures, obstructive sleep
apneas with pseudo-RBD, confusional arousals as
well as nocturnal panic attacks may raise differential
diagnostic issues solved by careful analysis of
symptoms, clinical history video-polysomnography.

RBD and post-traumatic stress disorder

There is a peculiar link of RBD with PTSD. A
motor dysfunction with increased muscle twitches
during REM sleep has been early noticed in relation
to stress and PTSD?¥, and several case studies and
war-veteran cohort studies found higher rate of
RBD in PTSD patients compared even to trauma-
survivors without PTSD®. The frequent co-occur-
rence of RBD and PTSD generated a distinct term -
trauma-associated sleep disorder (TASD) - sharing
the features of PTSD and RBD¥.

In PTSD patients, the rate of stress-related norep-
inephrine turn-over might have changed in the LC,
leading to norepinephrine depletion and even cell
death. LC’s fine structural changes in relation to
stress could be shown by neuroimaging in humans®.
In rats, a single acute stressor could precipitate long-
lasting changes in LC function contributing to
stress-related disease’’. Due to the persistent
decrease of LC noradrenergic output to the REM
atonia network, RSWA and RBD may evolve®.
Another important mechanism potentially leading to
the loss of muscle atonia in PTSD might involve
stress-related changes of the Papez circuit and sero-
tonergic pathways related to the DR nucleus®.

RBD in PTSD might be a good example of a
deep psychological impact turning to an organic
condition. In addition, the specific link of RBD
with PTSD justifies the diagnosis of PTSD as a dis-
tinct entity: just experiencing distress might be
qualitatively different compared to experiencing
distress + having PTDS (intrusion symptoms, avoi-
dance of trauma related stimuli, mood and cogni-
tive changes, insomnia or hypersomnia, reckless
self-neglecting behavior, irritability and concentra-
tion disturbances (DSM-5)*. Whether RBD asso-
ciated with PTSD carries the long-term risk for neu-
rodegeneration, is unknown.

RSWA but no RBD with antidepressants?

The association of RBD/RSWA with the use of
antidepressants — selective serotonin reuptake in-
hibitors (SSRI) and selective norepinephrine reup-
take inhibitors (SNRI) — has been early described®.
A large study found an association of SSRI and
SNRI use with RSWA only, curiously not accom-
panied by an increase of the frequency of RBD%.
Another study found similar results: RSWA but no
RBD had occurred in 8.8% of young psychiatry
inpatients treated with fluoxetine, venlafaxine, mir-
tazapine, paroxetine, clomipramine or sertraline as
well as quetiapine; thus, an association of antide-
pressants with a florid/hypermotor RBD has re-
mained dubious”. A large study on 318 patients
evidenced the association of comorbid depression
and SSRI use with RBD, but a clear cause-and-
effect relation between antidepressants and RBD
has neither been confirmed®.

Because antidepressants increase REM sleep
muscle tone, they are routinely used in the treat-
ment of cataplexy®”. On the other hand, since
around one third of RSWA cases of variable etiolo-
gies manifest RBD*, the antidepressant-related
increase of RSWA-rate without concomitant
increase of RBD-rate needs an explanation. One
may speculate that the iatrogenic increase in muscle
tone is mild, sufficient just to cause RSWA, but it is
insufficient to manifest RBD. Another hypothesis is
that since the body-site of atonia involved by
RSWA determines the clinical manifestation of
RBD, RSWA affecting facial muscles only, as may
be the case with antidepressants, would not lead to
spectacular RBD episodes, while RSWA in limb
muscles would'®.

SLEEP RELATED PAINFUL ERECTION: THE NORMAL REM-RELATED
ERECTION GOES WRONG

Sleep related painful erection is a rare parasomnia,
occurring in 1% of men presenting with sexual
problems. It differs from the normal REM-related
penile tumescence only by the associated pain
awakening the individual from sleep; the patient
may have normal penile erection and sexual life
when awake!?!. Local origins, a vagal dysfunction
and central, especially antero-lateral hypothalamic
etiologies have been raised.

Baclofen has been found a good treatment
option. Beta blockers, benzodiazepines and antide-
pressants were transitorily effective in some cases,
and several additional treatments have also been
used.
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Summary and future challenges

REM parasomnias make an interesting and informa-
tive group of sleep disorders, rooting in the changes
of the wide brainstem REM sleep network. Most of
them are REM dissociation phenomena, where one or
more elements of the REM sleep pattern occur in a
wrong sleep state (cataplexy, sleep paralysis, hypna-
gogic hallucinations in wakefulness); some are absent
or emerge insufficiently in their normal time (RBD).
Evidencing the multilateral link with the REM atonia
network, RBD, cataplexy and sleep paralysis may co-
occur e.g. in narcolepsy, highlighting the dysfunc-
tions of the atonia network with opposite-side effects.
Neurodegenerative diseases including tauopa-
thies, TDP-43-pathies, autoimmune/inflammatory
or stroke-related conditions, as well as brainstem
compression syndromes as Arnold-Chiari malfor-
mation, may damage the REM atonia network.
Chemical effects e.g. antidepressants or hypoxia
may transitorily or permanently change the atonia
network’s functioning. These ,,functional” RBD
syndromes may manifest specific symptom-local-
izations offering a future discrimination tool.

REFERENCES

1. Thorpy MJ. Classification of sleep disorders. Neurothera-
peutics 2012;9(4):687-701.
https://doi.org/10.1007/s13311-012-0145-6

2. Park SH, Weber F. Neural and homeostatic regulation of
REM sleep. Front Psychol 2020;11:1662.
https://doi.org/10.3389/fpsyg.2020.01662

3. Simor P, van der Wijk G, Nobili L, et al. The microstructure
of REM sleep: Why phasic and tonic? Sleep Med Rev 2020;
52:101305.
https://doi.org/10.1016/j.smrv.2020.101305

4. Peplow M. Structure: The anatomy of sleep. Nature 2013;
497:52-S3.
https://doi.org/10.1038/497S2a

5. Osorio-Forero A, Cardis R, Vantomme Gil, et al. Infraslow
locus coeruleus activity coordinates spindle rhythms and
heart rate to gate fluctuating non-REM sleep substrates.
bioRxiv 2021;03(08):434399.

6. Carskadon MA, Dement WC. Monitoring and staging hu-
man sleep. In Kryger MH, Roth T (Eds.). Principles and
practice of sleep medicine, 5th edition. St. Louis: Elsevier
Saunders; 2011. pp. 16-26.
https://doi.org/10.1016/B978-1-4160-6645-3.00002-5

7. Stucynski JA, Schott AL, Baik J, et al. Regulation of REM
sleep by inhibitory neurons in the dorsomedial medulla.
Biorxiv 2020;11(30):405530.
https://doi.org/10.1101/2020.11.30.405530

8. Frauscher B, von Ellenrieder N, Dolezalova I, et al. Rapid
eye movement sleep sawtooth waves are associated with

RBD, as an early sign of synucleinopathy (or
rather a synucleinopathy itself), may carry a prog-
nostic value, predicting or accompanying an overt
neurodegenerative condition and providing oppor-
tunity of preventing or delaying it when such tools
will be at hand. The special link of RBD with
autoimmunity seems more than pure chance, given
the important and shared HLA association of RBD
and anti-IgLONS disease, an autoimmune tauopa-
thy. The overlap with narcolepsy, another REM
sleep-related and autoimmune condition with HLA
Class II association and REM sleep disturbance,
needs further scrutiny.

The association of RBD with PTSD, forming
together the new entity trauma-related sleep disor-
der, provides an example of a psychology impact
turning to brain-organic. Is RBD in such cases a
psychosomatic disease?

Further scrutiny of REM parasomnias may pro-
vide data for understanding the role of antidepres-
sants in sleep regulation, the link of depressions
(characterized with short REM latency) with other
REM disorders, and finally, help clarifying the
functions of REM sleep.

widespread cortical activations. J Neurosci 2020;40(46):
8900-12.
https://doi.org/10.1523/INEUROSCI.1586-20.2020
9. Frauscher B, Joshi S, von Ellenrieder N, et al. Sharply con-

toured theta waves are the human correlate of ponto-
geniculo-occipital waves in the primary visual cortex. Clin
Neurophysiol 2018;129(8):1526-33.
https://doi.org/10.1016/j.clinph.2018.04.605

10. Tsunematsu T, Patel AA, Onken A, et al. State-dependent
brainstem ensemble dynamics and their interactions with
hippocampus across sleep states. Elife 2020;9.
https://doi.org/10.7554/eLife.52244

11. Grosmark AD, Mizuseki K, Pastalkova E, Diba K, Buzsdki
G. REM sleep reorganizes hippocampal excitability. Neu-
ron 2012;75(6):1001-7.
https://doi.org/10.1016/j.neuron.2012.08.015

12. Niwa Y, Kanda GN, Yamada RG, et al. Muscarinic Acetyl-
choline Receptors Chrm1l and Chrm3 Are Essential for
REM Sleep Cell Rep 2018;24(9):2231-2247.e7.
https://doi.org/10.1016/j.celrep.2018.07.082

13. Yamada RG, Ueda HR. Molecular Mechanisms of REM
Sleep. Front Neurosci 2020;13:1402.
https://doi.org/10.3389/fnins.2019.01402

14. Simor P, Gombos F, Blaskovich B, et al. Long-range alpha
and beta and short-range gamma EEG synchronization dis-
tinguishes phasic and tonic REM periods. Sleep 2018;41
(3):zsx210.
https://doi.org/10.1093/sleep/zsx210

Ideggyogy Sz 2022;75(5-6):171-182. 1 79

Az alabbi dokumentumot magancélra toltotték le az eLitMed.hu webportalrél. A dokumentum felhasznaldsa a szerzéi jog szabalyozasa ala esik.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Jouvet M, Michel F. Corrélations électromyographique du

sommeil chez le chat décortiqué et mésencéphalique
chronique. C R Seances Soc Biol Fil 1959;153(3):422-5.
Saper CB, Fuller PM. Wake-sleep circuitry: an overview.
Curr Opin Neurobiol 201744:186-92.
https://doi.org/10.1016/j.conb.2017.03.021

Jego S, Glasgow SD, Herrera CG, et al. Optogenetic iden-
tification of a rapid eye movement sleep modulatory circuit
in the hypothalamus. Nat Neurosci 2013;16(11):1637-43.
https://doi.org/10.1038/nn.3522

Boissard R, Fort P, Gervasoni D, Barbagli B, Luppi PH.
Localization of the GABAergic and non-GABAergic neu-
rons projecting to the sublaterodorsal nucleus and poten-
tially gating paradoxical sleep onset. Eur J Neurosci 2003;
18(6):1627-39.
https://doi.org/10.1046/j.1460-9568.2003.02861.x

Feng H, Wen SY, Qiao QC, et al. Orexin signaling modu-
lates synchronized excitation in the sublaterodorsal teg-
mental nucleus to stabilize REM sleep. Nat Commun 2020;
11(1):3661.

https://doi.org/10.1038/541467-020-17401-3

Peever J, Fuller PM. Neuroscience: A distributed neural
network controls REM Sleep. Curr Biol 2016;26(1):R34-
R35. https://doi.org/10.1016/j.cub.2015.11.011

Wurts SW, Edgar DM. Circadian and homeostatic control
of rapid eye movement (REM) sleep: promotion of REM
tendency by the suprachiasmatic nucleus. J Neurosci 2000;
20(11):4300-10.
https://doi.org/10.1523/INEUROSCI.20-11-04300.2000
Datta S, Knapp CM, Koul-Tiwari R, Barnes A. The home-
ostatic regulation of REM sleep: a role for localized ex-
pression of brain-derived neurotrophic factor in the brain-
stem. Behav Brain Res 2015;292:381-92.
https://doi.org/10.1016/j.bbr.2015.06.038

Feriante J, Singh S. REM Rebound Effect. In: StatPearls.
Treasure Island (FL): StatPearls Publishing; 2020.

Nunn CL, Samson DR, Krystal AD. Shining evolutionary
light on human sleep and sleep disorders. Evol Med Public
Health 2016;(1):227-43.
https://doi.org/10.1093/emph/eow018

Wagner U, Gais S, Haider H, et al. Sleep inspires insight.
Nature 2004;427:352-5.
https://doi.org/10.1038/nature02223

Gonfalone A. Sleep on manned space flights: zero gravity
reduces sleep duration. Pathophysiology 2016;23:259¢63.
https://doi.org/10.1016/j.pathophys.2016.08.003

de Weerd AW, van den Bossche RA. The development of
sleep during the first months of life. Sleep Med Rev 2003;
7(2):179-91. https://doi.org/10.1053/smrv.2002.0198
Roffwarg HP, Muzio JN, Dement WC. Ontogenetic devel-
opment of the human sleep-dream cycle. Science 1966;152
(3722):604-19.
https://doi.org/10.1126/science.152.3722.604

Boyce R, Williams S, Adamantidis A. REM sleep and mem-
ory. Current Opinion in Neurobiology 2017;44:167-77.
https://doi.org/10.1016/j.conb.2017.05.001
Puentes-Mestril C, Roach J, Niethard N, et al. How
rhythms of the sleeping brain tune memory and synaptic
plasticity. Sleep 2019;42(7):zsz017.
https://doi.org/10.1093/sleep/zsz095

Rasch B, Born J. About sleep’s role in memory. Physiol
Rev 2013;93:681-766.
https://doi.org/10.1152/physrev.00032.2012

Sterpenich V, Albouy G, Boly M, et al. Sleep-related hip-
pocampo-cortical interplay during emotional memory rec-
ollection. PLoS Biol 2007;5(11):¢282.
https://doi.org/10.1371/journal.pbio.0050282

Lewis PA, Knoblich G, Poe G. How memory replay in

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

sleep boosts creative problem-solving. Trends Cogn Sci
2018;22(6):491-503.
https://doi.org/10.1016/j.tics.2018.03.009

Lerner I, Lupkin SM, Tsai A, Khawaja A, Gluck MA. Sleep
to remember, sleep to forget: Rapid eye movement sleep
can have inverse effects on recall and generalization of fear
memories. Neurobiol Learn Mem 2021;107413.
https://doi.org/10.1016/j.nlm.2021.107413

Li W, Ma L, Yang G, Gan WB. REM sleep selectively pru-
nes and maintains new synapses in development and learn-
ing. Nat Neurosci 2017;20:427-37.
https://doi.org/10.1038/nn.4479

Hobson JA, Pace-Schott EF, Stickgold R. Dreaming and
the brain: toward a cognitive neuroscience of conscious
states. Behav Brain Sci 2001;24(3):575.
https://doi.org/10.1017/CB0O9780511615511.003

Parrino L, Vaudano AE. The resilient brain and the guar-
dians of sleep: New perspectives on old assumptions. Sleep
Med Rev 2018;39:98-107.
https://doi.org/10.1016/j.smrv.2017.08.003

Cochen V, Lannuzel A, Verhaeghe S, et al. REM Sleep Be-
havior disorder in patients with guadeloupean Parkinso-
nism, a tauopathy. Sleep 2007;30(8):26-32.
https://doi.org/10.1093/sleep/30.8.1026

Luppi PH, Clément O, Sapin E, et al. The neuronal network
responsible for paradoxical sleep and its dysfunctions caus-
ing narcolepsy and rapid eye movement (REM) behavior
disorder. Sleep Med Rev 2011;15(3):153-63.
https://doi.org/10.1016/j.smrv.2010.08.002

Arrigoni E, Chen MC, Fuller PM. The anatomical, cellular
and synaptic basis of motor atonia during rapid eye move-
ment sleep. J Physiol 2016;594(19):5391-414.
https://doi.org/10.1113/JP271324

Clément O, Sapin E, Bérod A, et al. Evidence that neurons
of the sublaterodorsal tegmental nucleus triggering para-
doxical (REM) sleep are glutamatergic. Sleep 2011;34:
419-23. https://doi.org/10.1093/sleep/34.4.419

Iranzo A, Tolosa E, Gelpi E, et al. Neurodegenerative dis-
ease status and post-mortem pathology in idiopathic rapid-
eye-movement sleep behaviour disorder: an observational
cohort study. Lancet Neurol 2013;12(5):443-53.
https://doi.org/10.1016/S1474-4422(13)70056-5

Torontali ZA, Fraigne JJ, Sanghera P, et al. The subla-
terodorsal tegmental nucleus functions to couple brain state
and motor activity during REM sleep and wakefulness.
Curr Biol 2019;29(22):3803-3.e5.
https://doi.org/10.1016/j.cub.2019.09.026

Valencia GS, Libourel PA, Lazarus M, et al. Genetic inac-
tivation of glutamate neurons in the rat sublaterodorsal
tegmental nucleus recapitulates REM sleep behaviour dis-
order. Brain 2017;140:414-28.
https://doi.org/10.1093/brain/aww310

Khroud NK, Reddy V, Saadabadi A. Neuroanatomy, locus
ceruleus. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing 2020. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK513270/

Kompanje EJ. ‘The devil lay upon her and held her down’.
Hypnagogic hallucinations and sleep paralysis described
by the Dutch physician Isbrand van Diemerbroeck (1609-74)
in 1664. J Sleep Res 2008;17(4):464-7.
https://doi.org/10.1111/j.1365-2869.2008.00672.x

Farooq M, Anjum F. Sleep paralysis In: StatPearls. Trea-
sure Island (FL): StatPearls Publishing. 2020 PMID:
32965993.

Denis D, French CC, Rowe R, et al. A twin and molecular
genetics study of sleep paralysis and associated factors. J
Sleep Res 2015;24(4):438-46.
https://doi.org/10.1111/jsr.12282

1 80 Szlcs: REM sleep, REM parasomnias, REM sleep behaviour disorder

Az alabbi dokumentumot magancélra toltotték le az eLitMed.hu webportalrél. A dokumentum felhasznaldsa a szerzéi jog szabalyozasa ala esik.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Denis D, Poerio GL. Terror and bliss? Commonalities and
distinctions between sleep paralysis, lucid dreaming, and
their associations with waking life experiences. J Sleep Res
2017;26(1):38-47.

https://doi.org/10.1111/jsr.12441

Waters F, Blom JD, Dang-Vu TT, et al. What is the link
between hallucinations, dreams, and hypnagogic-hypno-
pompic experiences? Schizophr Bull 2016;42(5):1098-109.
https://doi.org/10.1093/schbul/sbw076

Ohayon MM, Schenck CH. Violent behavior during sleep:
prevalence, comorbidity and consequences. Sleep Med
2010;11(9):941-6.
https://doi.org/10.1016/j.sleep.2010.02.016

Schenck CH, Bundlie SR, Ettinger MG, et al. Chronic
behavioral disorders of human REM sleep: a new category
of parasomnia. Sleep 1986;25(2):293-308.
https://doi.org/10.1093/sleep/9.2.293

Hogl B, Stefani A. REM sleep behavior disorder (RBD):
Update on diagnosis and treatment. Somnologie (Berl)
2017;21(Suppl 1):1-8.
https://doi.org/10.1007/s11818-016-0048-6

Montplaisir J, Gagnon JF, Fantini ML, et al. Polysomno-
graphic diagnosis of idiopathic REM sleep behavior disor-
der. Mov Disord 2010;25(13):2044-51.
https://doi.org/10.1002/mds.23257

Frauscher B, Iranzo A, Gaig C, et al. Normative EMG val-
ues during REM sleep for the diagnosis of REM sleep
behavior disorder. Sleep 2012;35(6):835-47.
https://doi.org/10.5665/sleep.1886

Melpignano A, Parrino L, Santamaria J, et al. Isolated
rapid eye movement sleep behavior disorder and cyclic al-
ternating pattern: is sleep microstructure a predictive para-
meter of neurodegeneration? Sleep 2019:42(5).
https://doi.org/10.1093/sleep/zsz142

Zhang F, Niu L, Liu X, et al. Rapid eye movement sleep be-
havior disorder and neurodegenerative diseases: An up-
date. Aging Dis 2020;11(2):315-26.
https://doi.org/10.14336/AD.2019.0324

Keir LHM, Breen DP. REM sleep behaviour disorder in
patients without synucleinopathy. J Neurol Neurosurg
Psych 2020;91(11):1239-40.
https://doi.org/10.1136/jnnp-2020-323475

St Louis EK, Boeve B. REM sleep behavior disorder: diag-
nosis, clinical implications, and future directions. Mayo
Clin Proc 2017;92(11):1723-36.
https://doi.org/10.1016/j.mayocp.2017.09.007

Bornemann MA, Mahowald MW, Schenck CH. Parasom-
nias: clinical features and forensic implications. Chest
2006;130(2):605-10.
https://doi.org/10.1378/chest.130.2.605

Ju YE, Larson-Prior L, Duntley S. Changing demographics
in REM sleep behavior disorder: possible effect of autoim-
munity and antidepressants. Sleep Med 2011;2(3):278-83.
https://doi.org/10.1016/j.sleep.2010.07.022

Iranzo A, Santamaria J, Tolosa E. The clinical and patho-
physiological relevance of REM sleep behavior disorder in
neurodegenerative diseases. Sleep Med Rev 2009;13(6):
385-401.

https://doi.org/10.1016/j.smrv.2008.11.003

Dauvilliers Y, Schenck CH, Postuma RB, et al. REM sleep
behaviour disorder. Nat Rev Dis Primers 2018;4(1):19.
https://doi.org/10.1038/s41572-018-0016-5

Hogl B, Iranzo A. Rapid eye movement sleep behavior dis-
order and other rapid eye movement sleep parasomnias.
Continuum (Minneap Minn) Sleep Neurology 2017;23(4):
1017-34.
https://doi.org/10.1212/CON.0000000000000489

Aurora RN, Zak RS, Maganti RK, et al. Best Practice Guide

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

for the Treatment of REM Sleep Behavior Disorder (RBD)
J Clin Sleep Med 2010;6:85-95.
https://doi.org/10.5664/jcsm.27717

Jung Y, St Louis EK. Treatment of REM sleep behavior dis-
order. Curr Treat Options Neurol 2016;18(11):50.
https://doi.org/10.1007/s11940-016-0433-2

Schenck CH, Boeve BF, Mahowald MW. Delayed emer-
gence of a parkinsonian disorder or dementia in 81% of
older men initially diagnosed with idiopathic rapid eye
movement sleep behavior disorder: a 16-year update on a
previously reported series. Sleep Med 2013;14(8):744-8.
https://doi.org/10.1016/j.sleep.2012.10.009

Arnulf I, Merino-Andreu M, Bloch F, et al. REM sleep
behavior disorder and REM sleep without atonia in patients
with progressive supranuclear palsy. Sleep 2005:;28(3):
349-54.

Postuma RB, Iranzo A, Hu M, et al. Risk and predictors of
dementia and Parkinsonism in idiopathic REM sleep
behaviour disorder: a multicentre study. Brain 2019;142(3)
44-59.

Unger MM, Belke M, Menzler K, et al. Diffusion tensor
imaging in idiopathic REM sleep behavior disorder reveals
microstructural changes in the brainstem, substantia nigra,
olfactory region, and other brain regions. Sleep 2010;33(6):
767-73.

https://doi.org/10.1093/sleep/33.6.767

Campabadal A, Inguanzo A, Segura B, et al. Cortical gray
matter progression in idiopathic REM sleep behavior disor-
der and its relation to cognitive decline. Neuroimage Clin
2020;28:102421.
https://doi.org/10.1016/j.nicl.2020.102421

Bae YJ, Kim JM, Kim KJ, et al. Loss of substantia nigra hy-
perintensity at 3.0-T MR imaging in idiopathic REM sleep
behavior disorder: Comparison with 123I-FP-CIT SPECT.
Radiology 2018;287(1):285-93.
https://doi.org/10.1148/radiol.2017162486

Miyamoto M, Miyamoto T. Relationship of substantia nigra
hyperechogenicity to risk of Lewy body disease in idio-
pathic REM sleep behavior disorder patients: a longitudinal
study. Sleep Med 2020;68:31-4.
https://doi.org/10.1016/j.sleep.2019.09.008

Pyatigorskaya N, Gaurav R, Arnaldi D, et al. Magnetic
Resonance Imaging biomarkers to assess substantia nigra
damage in idiopathic rapid eye movement sleep behavior
disorder. Sleep 2017;40(11).
https://doi.org/10.1093/sleep/zsx 149

Zaman 'V, Shields DC, Shams R, et al. Cellular and molec-
ular pathophysiology in the progression of Parkinson’s dis-
ease. Metab Brain Dis 2021;36(5):815-27.
https://doi.org/10.1007/s11011-021-00689-5

Iranzo A. Sleep and neurological autoimmune diseases.
Neuropsychopharmacology 2020;45(1):129-40.
https://doi.org/10.1038/541386-019-0463-z

Cosentino FI, Distefano A, Plazzi G, et al. A case of REM
sleep behavior disorder, narcolepsy-cataplexy, Parkinso-
nism, and rheumatoid arthritis. Behav Neurol 2014;2014:
572931.

https://doi.org/10.1155/2014/572931

Dauvilliers Y, Jennum P, Plazzi G. Rapid eye movement
sleep behavior disorder and rapid eye movement sleep with-
out atonia in narcolepsy. Sleep Med 2013;14(8):775-81.
https://doi.org/10.1016/j.sleep.2012.10.006

Schenck CH, Garcia Rill E, Segall M, et al. HLA Class II
genes associated with REM sleep behavior disorder. Ann
Neurol 1996;39:261-3.
https://doi.org/10.1002/ana.410390216

Sabater L, Gaig C, Gelpi E, et al. A novel non-rapid-eye
movement and rapid-eye-movement parasomnia with sleep

Ideggyogy Sz 2022;75(5-6):171-182. 1 81

Az alabbi dokumentumot magancélra toltotték le az eLitMed.hu webportalrél. A dokumentum felhasznaldsa a szerzéi jog szabalyozasa ala esik.



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

breathing disorder associated with antibodies to IgLONS: a
case series, characterisation of the antigen, and post-
mortem study. Lancet Neurol 2014;13(6):575-86.
https://doi.org/10.1016/S1474-4422(14)70051-1

Ganguly J, Jog M. Tauopathy and movement disorders-un-
veiling the chameleons and mimics. Front Neurol 2020;
11:599384.

https://doi.org/10.3389/fneur.2020.599384

Landa J, Gaig C, Plaguma J, et al. Effects of IgLONS anti-
bodies on neuronal cytoskeleton: a link between autoim-
munity and neurodegeneration. Ann Neurol 2020;88(5):
1023-27. https://doi.org/10.1002/ana.25857

Heidbreder A, Philipp K. Anti-IgLON 5 Disease. Curr
Treat Options Neurol 2018;20(8):29.
https://doi.org/10.1007/s11940-018-0515-4

Hansen N, Hirschel S, Stocker W, et al. Figural memory
impairment in conjunction with neuropsychiatric symp-
toms in IgLONS antibody-associated autoimmune ence-
phalitis. Front Psychiatry 2020;11:576.
https://doi.org/10.3389/fpsyt.2020.00576

Mulroy E, Jaunmuktane Z, Balint B, et al. Some new and
unexpected tauopathies in movement disorders. Mov
Disord Clin Pract. 2020;7:616-26.
https://doi.org/10.1002/mdc3.12995

Gaig C, Graus F, Compta Y, et al. Clinical manifestations of
the anti-IgLONS disease. Neurology 2017;88(18):1736-43.
https://doi.org/10.1212/WNL.0000000000003887

Ross RJ, Ball WA, Dinges DF, et al. Motor dysfunction
during sleep in posttraumatic stress disorder. Sleep 1994;17
(8):723-32.

https://doi.org/10.1093/sleep/17.8.723

Elliott JE, Opel RA, Pleshakov D, et al. Posttraumatic
stress disorder increases the odds of REM sleep behavior
disorder and other parasomnias in Veterans with and with-
out comorbid traumatic brain injury. Sleep 2020;43(3):
zs2237.

https://doi.org/10.1093/sleep/zsz237

Mysliwiec V, O’Reilly B, Polchinski J, et al. Trauma asso-
ciated sleep disorder: a proposed parasomnia encompass-
ing disruptive nocturnal behaviors, nightmares, and REM
without atonia in trauma survivors. J Clin Sleep Med JCSM
Off Publ Am Acad Sleep Med 2014;10(10):1143.
https://doi.org/10.5664/jcsm.4120

Morris LS, Tan A, Smith DA, et al. An in vivo ultra-high
field 7-Tesla MRI study. Neuroimage Clin 2020;25:
102148.

https://doi.org/10.1016/j.nic1.2019.102148

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Borodovitsyna O, Flamini MD, Chandler DJ. Acute stress
persistently alters locus coeruleus function and anxiety-
like behavior in adolescent rats. Neuroscience 2018;
373:7-19.
https://doi.org/10.1016/j.neuroscience.2018.01.020

Lee E, Kim K, So HS, et al. REM sleep behavior disorder
among veterans with and without post-traumatic stress
disorder. Psychiatry Investig 2020;17(10):987-95.
https://doi.org/10.30773/pi.2020.0213

Eggers AE. Redrawing Papez’ circuit: a theory about how
acute stress becomes chronic and causes disease. Med Hy-
potheses 2007;69(4):852-7.
https://doi.org/10.1016/j.mehy.2007.01.074

Barone DA. Dream enactment behavior: a real nightmare.
A review of PTSD, RBD, and trauma-associated sleep
disorder. J Clin Sleep Med 2020;16(11):1943-8.
https://doi.org/10.5664/jcsm.8758

Winkelman JW, James L. Serotonergic antidepressants are
associated with REM sleep without atonia. Sleep
2004;27(2):317-21. https://doi.org/10.1093/sleep/27.2.317
Lee K, Baron K, Soca R, et al. The prevalence and char-
acteristics of REM Sleep without Atonia (RSWA) in
patients taking antidepressants. J Clin Sleep Med
2016;12(3):351-5. https://doi.org/10.5664/jcsm.5582
Buskovd J, Miletinovd E, Klikovd M, et al. Associated fac-
tors of REM sleep without atonia in younger (< 50 years)
hospitalized psychiatric patients. BMC Psychiatry 2020;
20(1):482.

https://doi.org/10.1186/s12888-020-02879-4

Frauscher B, Jennum P, Ju YE, et al. Comorbidity and
medication in REM sleep behavior disorder: a multicenter
case-control study. Neurology 2014;82(12):1076.
https://doi.org/10.1212/WNL.0000000000000247
McCarter SJ, St Louis EK, Sandness DJ, et al. Antidep-
ressants increase REM sleep muscle tone in patients with
and without REM sleep behavior disorder. Sleep 2015;
38(6):907-17.

https://doi.org/10.5665/sleep.4738

Dijkstra F, Viaene M, Crosiers D, et al. Frequency and
characteristic features of REM sleep without atonia. Clin
Neurophysiol 2019;130(10):1825-32.
https://doi.org/10.1016/j.clinph.2019.07.018

Vreugdenhil S, Weidenaar AC, de Jong 1J, et al. Sleep-re-
lated painful erections: a meta-analysis on the pathophy-
siology and risks and benefits of medical treatments. J Sex
Med 2018;15(1):5-19.
https://doi.org/10.1016/j.jsxm.2017.11.006

1 82 Szlcs: REM sleep, REM parasomnias, REM sleep behaviour disorder

Az alabbi dokumentumot magancélra toltotték le az eLitMed.hu webportalrél. A dokumentum felhasznaldsa a szerzéi jog szabalyozasa ala esik.



