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n 1986, Schenck et al 1 described five patients
presenting with vigorous motor activation associated
with vivid dreams (dream-enacting behavior) during
rapid eye movement (REM) sleep accompanied by
excessive phasic muscle activities and absence of
physiological REM muscle atonia. They called it a new
category of parasomnia and later renamed it REM
behavior disorder (RBD). It is interesting to note that
four of the five patients had neurological problems but
the authors did not emphasize this and called the
condition idiopathic REM sleep behavior disorder. Ten
years later, they reported emergence of Parkinson’s
disease (PD) in 11 of 29 (38%) of their patients with
idiopathic RBD that they followed suggesting that certain
number of patients with idiopathic RBD will eventually
develop PD and other neurodegenerative diseases2. That
was a significant turn in pursuit of research for possible
RBD markers to foretell which patients will develop PD
and other neurodegenerative diseases. That report also
opened the pathway for a changing concept of the socalled idiopathic RBD. All these developments are
possible because of the discovery of rapid eye movements
(REMs) as important signature for REM sleep state in
1953 by two University of Chicago Sleep Researchers
(Nathaniel Kleitman and his student, Eugene Aseransky)3.
This was followed by a memorable paper by Dement
and Kleitman4 showing cyclic non-rapid eye movement
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(NREM)-REM sleep throughout the whole night’s sleep.

Clinical Spectrum
RBD is characterized by recurrent episodes of dreamenacting behavior (DEB) occurring during REM sleep
accompanied by mostly violent (but sometimes
nonviolent) behavior lasting for minutes and
accompanied by loss of physiological motor atonia,
which is characteristic of normal REM sleep 5. The
frequencies of these episodes are variable-may occur only
few times a year or may occur every night, or may be
seen weekly, biweekly or monthly. There are no
identifiable triggering factors observed. Recently,
however, in a study involving 13 countries, certain
environmental triggers were identified6. Investigators
noted that smoking, exposure to pesticides, farming,
previous history of head injury and lower educational
level are risk factors for futures development of RBD.
On many occasions, the patients do not remember these
dreams the next morning while on other occasions they
vividly remember the dreams, especially if the spouse
awakens the patient immediately after the dreams. On
other occasions, he/she may remember the dreams the
next morning, e.g., someone was chasing him or he was
being chased by an animal and tried to run away or tried
to protect himself and the bed partner by hitting the
imaginary animals or the stranger and in the process he
may be strangling or hitting the spouse. Some examples
of violent behavior are shown schematically in Figure 1.
Sometimes, the dreams are non-violent, possibly in about
15-20% of cases. Recently, a group of investigators
described non-violent behavior in 18% of Parkinson’s
disease (PD) patients with RBD7. Figure 2 schematically
shows some examples of non-violent behavior.
It is a striking observation that patients with
Parkinson’s disease or parkinsonism (rigid, bradykinetic
with stooped posture and gait instability) suddenly
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Figure 1: Examples of violent behavior in RBD
patients shown schematically

the patient’s dreams reflect his daytime activities. For
example, a football or basketball player or a runner may
enact the sports during the dreams. Occasionally, the
patients start singing yet others show behavior (e.g., snow
shoveling) he/she performed that morning. These
episodes may cause injury to self or the bed partner.
The patients may jump out of bed causing bruises,
ecchymoses, fractures, and even subdural hematoma.
Similar injuries may be inflicted on the spouses. These
patients generally do not sleep walk or get out of the
bedroom unlike those noted in patients with sleepwalking.
RBD patients generally keep their eyes closed in contrast
to sleep walkers whose eyes are wide open but with a
glassy and confused look. The strange phenomenon is
such that the apparently violent patient during the RBD
dreams is a perfect gentleman during awake periods the
next morning.
These RBD episodes are sometimes misdiagnosed
as other parasomnias (e.g., sleep walking, confusional
arousals, sleep terror, rhythmic movement disorder,
nocturnal frontal lobe epilepsy [NFLE], a psychiatric
disorder or obstructive sleep apnea syndrome with
complex movements at the termination of apneas or
hypoapneas). However, typical history and videopolysomnography (PSG) findings (see further on) should
differentiate RBD from these other conditions.

Figure 2: Some examples of non-violent behavior in
RBD shown schematically
showing elaborate hypermotor behavior during RBD
episodes as if the motor system has bypassed the basal
ganglia circuits or as if the patient is in an on-state due
to dopaminergic medication8,9. Similar behavior is noted
in patients with multiple system atrophy (MSA) and
diffuse Lewy body disease with dementia (DLBD)
patients with akinetic-rigid or ataxic gait during
wakefulness. These movements, however, are somewhat
jerky and faster than the usual wakeful movements of
these patients (see further on).
The clinical course of RBD is heterogeneous. Some
may have frequent whereas others have infrequent
episodes. The course may be progressive (increasing
episodes over the years) or fluctuating. The course, of
course, will depend on the etiology of the RBD episodes.
The behavior could be unpleasant or pleasant. Often,
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 4, 2012

International Classification of Sleep
Disorders (ICSD) Diagnostic Criteria
The ICSD-2 published in 2005 [9] lists the RBD
diagnostic criteria as follows:
1. Previous history (as obtained from the bed partner)
of dream-enacting behavior (DEB) with or without
injury to self or others or video documentation of
DEB during video-PSG study of such patients;
2. Polysomnographic criteria of REM sleep without
atonia during at least 50% or more of the REM
epochs and/or phasic (transient muscle bursts) in
cranial or limb muscles.
3. EEG channels during PSG recording should not
document any epileptiform activities.
4. The episode cannot be explained by other medical,
psychiatric or primary sleep disorders.
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Age, Sex, and Epidemiology
Most of the cases have been described in the elderlyparticularly in patients who are 50-55 yrs or older.
Recently, however, cases have been described in children.
If the RBD is the result of ingestion of selected serotonin
reuptake inhibitors (SSRI) or other antidepressants, the
patients may be of younger age. As far as sex is concerned,
most of the cases have been described in men except in
cases of MSA associated with RBD in whom the
prevalence is equal in both men and women because the
MSA prevalence is equal in both sexes. The reason for
male predominance is not known. One suggestion is
that possibly testosterone has something to do with the
male predominance but studies have shown no difference
in serum testosterone levels in men with and without
RBD episodes. The other explanation is that the episodes
are milder in women and so go unreported or that women
fail to report RBD episodes out of sheer embarrassment.
There are no good epidemiological studies available.
One study, which is often quoted is that by Ohayon et al
[10] based on questionnaires using the EVAL system,
which is a population-based study without PSG
confirmation. The prevalence is given as 0.5%.

Pathophysiology of RBD
We need to understand the mechanism of the
fundamental and intrinsic features of RBD: what is the
mechanism of absence of REM motor atonia, in other
words, what causes breakdown of motor control in REM
sleep? What is the mechanism of DEB, particularly violent
dreams (although some are nonviolent)? We also need to
answer what causes sudden restoration of apparently
normal motor control with temporary amelioration of
rigid-akinetic wakeful behavior of patients with
parkinsonism (or other basal ganglia dysfunction)?
To understand the mechanism of absence of REM
muscle atonia, we need to have an idea about the
mechanism of REM motor atonia during REM sleep in
normal individuals. This can be explained by referring
to excellent animal models of REM sleep mechanism
proposed by three groups of investigators. The earliest
model is that by McCarley-Hobson11 proposed in 1975
based on Lotka-Volterra equation of prey-predator
analogy used in population studies. In this model, a REM
sleep mechanism is thought to be due to reciprocal
interaction between REM-on and REM-off neurons.
Based on Jouvet’s12 experiments in cats in 1965, REM
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generating neurons are located in pons and pons is
necessary and sufficient for REM sleep generation. Figure
3 schematically shows a sagittal section of a cat brain
with transection at various brainstem levels. A
transection at mesencephalic and pontine junction
showed all the REM generating neurons
(electrophysiological studies) below the transection. A
transection at pontomedullary junction showed REM
sleep generating neurons rostrally. Finally, transections
at pontomedullary and pontomesencephalic regions
producing an isolated pons created a brainstem region
containing all the REM generating neurons.

Figure 3: A sagittal section of the brain stem of a cat
shown schematically with tansections at junction of
midbrain and pons (A), junction of pons and medulla
(B), junction of medulla and spinal cord (C)
In the McCarley-Hobson model, the REM-on
neurons are located in the pontomesencephalic junction
and are cholinergic whereas REM-off neurons are located
in the noradrenergic locus coeruleus and serotonergic
raphe regions (Figure 4). Reciprocal interactions
between these two regions are responsible for REMNREM cycling. When the REM-on neurons are active,
REM-off neurons shut off. Similarly, when REM-off
neurons are active, REM-on neurons shut off thus
causing self-sustained cycling. This cycle is initiated by
gamma-aminobutyric acid (GABA) located locally in the
pontine reticular formation as well as distally in the
ventrolateral periaqueductal gray and lateral pontine
tegmentum. GABA activation inhibits REM-off neurons
and stimulates glutamatergic pathway in the brainstem,
which in turn activates inhibitory glycinergic neurons
projecting to brainstem and spinals motor neurons during
REM sleep causing hyperpolarization of these neurons
giving rise to muscle atonia. A rostral glutamatergic
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 4, 2012
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pathway stimulating thalamocortical neurons is
responsible for EEG desynchronization during REM
sleep. The McCarley-Hobson model has recently been
superseded by two other models—Lu-Saper and Luppi
models in which cholinergic-REM on and noradrenergic
and serotonergic REM-off neurons play only a
modulatory role rather than primary roles.

Figure 4: McCarley-Hobson model of REM sleep
mechanism (schematic drawing). LDT/PPT:
Laterodorsal tegmental/pedunculopontine tegmental
nuclei; LC/DR: Locus coeruleus/dorsal raphe; GABA:
Gamma-aminobutyric acid
Lu-Saper flip-flop model13 envisions a flip-flop switchlike mechanism between REM-on GABAergic neurons
located in the sublaterodorsal neurons (SLD) in the rats
in pons equivalent to the peri-locus coeruleus alpha
neurons in the cats and subcoeruleus neurons in humans,
and REM – off also GABAergic neurons in the
ventrolateral periaqueductal and lateral pontine regions
(Figure 5). A ventral glutamatergic projection from the
SLD activates glycinergic-GABAergic inhibitory brain
stem premotor neurons to hyperpolarize brain stem and
spine motor neurons causing muscle atonia during REM
sleep. A dorsal glutamatergic projection from SLD
projects to forebrain accounting for REM EEG
desynchronization. The third and the latest model (Figure
6) is provided by Luppi and his collaborators14. In this
model, the REM-on SLD neurons in the pons are
glutamatergic and not GABAergic or cholinergic neurons.
Luppi provided evidence based on c-fos
immunohistochemical method (c-fos protein is released
when the neurons are active) in REM sleep deprived
rats with REM recovery sleep. There is very little staining
of glutamic acid decarboxylase (GAD), an enzyme
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 4, 2012
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needed for GABA synthesis. There is also very little
staining of choline acetyl-transferase, the enzyme
responsible for synthesis of acetylcholine. However, there
was staining for vesicular glutamate 2 (VGlut-2)
transporter which is the enzyme necessary for activation
of glutamatergic neurons and hence REM-on neurons
in SLD are glutamatergic. A ventral glutamatergic
projection from SLD either directly or indirectly through
ventromedial medullary region (the inhibitory region of
Magoun and Rhines) containing gigantocellular neurons
and paramedianus to the brain stem and spinal motor
neurons causes hyperpolarization and REM muscle
atonia. A glutamatergic pathway from dorsal SLD
projecting through the forebrain and thalamus is
responsible for EEG desynchronization and REM EEG
pattern. In RBD patients, the total REM sleep and
NREM-REM cycling remain normal and therefore, there
cannot be total destruction or degeneration of the entire
SLD. However, a lesion in the ventral SLD region or
ventromedial medulla will cause absence of REM motor
atonia without causing any alteration in the REM EEG
and total REM sleep. Recently, Lai and Siegel15 suggested
based on experiments in cats that another region in the
ventral mesopontine junction is also responsible for REM
motor atonia and hence a lesion in this area may also
cause REM sleep without muscle atonia. To explain
hypermotor behavior in RBD, Tassinari et al16 suggested
release from cerebral cortical control of innate central

Figure 5: Schematic representation of Lu-Saper flip-flop
model of REM sleep mechanism. LCT/DRN and LDT
+ PPT: As in Figure 4; eVLPO: Extended ventrolateral
preoptic nuclei; VLPAG: Ventrolateral periaqueductal
gray; LPT: Lateral pontine tegmentum; SLD:
Sublaterodorsal nucleus; GLUT: Glutamic acid; PC:
Precoeruleus; GABA: As in figure 4; Glyc: Glycine
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behavior. It should be noted that amygdala has direct
anatomic connections to SLD19. In a recent study by
Dauvilliers et al, using SPECT scans showed activation
of supplementary motor area (which also has a direct
projection to SLD) during RBD episode, which may
also be responsible for hypermotor behavior of these
patients.

Figure 6: Luppi model of REM sleep mechanism
shown schematically. GABA, LC-DRN, VL-PAG,
eVLPO, GLUT, SLD: As in figure 5; Gly: Glycine;
MCH: Melanin concentrating hormone neurons; Dp
MES: Deep Mesencephalic reticular formation;
VMM: Ventromedial Medulla
pattern generators (CPG) in the brain stem and spinal
cord locomotor centers, which are clearly identified in
the dogs, but no so clearly depicted in humans. The
mechanism of REM muscle atonia can therefore be
summarized as follows: 1) Hyperpolarization of brain
stem and spinal motor neurons; 2) Disfacilitation of
aminergic neurons (both noradrenergic locus coeruleus
neurons and serotonergic raphe neurons); 3) Inhibition
of lateral hypothalamic hypocretinergic neurons with
their widespread direct excitatory projections to
aminergic as well as to brain stem and spinal motor
neurons causing also disfacilitation of motor neurons in
the spinal cord and the brain stem; 4) Additionally a
cortical mechanism is also involved. Paired pulse magnetic
cortical stimulation technique17 provides evidence of
decreased intracortical facilitation during REM sleep
contributing also to REM muscle atonia.

Mechanism of DEB
During normal REM sleep, single photon emission
computed tomography (SPECT) and positron emission
tomography (PET) scans have shown activation of the
amygdala and other limbic and paralimbic regions with
deactivation of dorsomedial frontal area18. It is possible
that in RBD, there is hyperactivation of amygdala and
other limbic regions with deactivation of dorsomedial
frontal cortex (responsible for executive functions)
causing loss of inhibition and violent dream-enacting

It is difficult to explain the paradoxical behavior of
PD patients during the episode of RBD. It is possible
that motor control bypasses the basal ganglia circuits
and thus activates the corticomotor area including
supplementary motor area projecting directly to the brain
stem and spinal motor neurons causing apparent
restoration of motor control with elimination of rigidity
and akinesia8. An analysis of movements in PD patients
during RBD episodes showed apparently normal motor
activation (although movements are jerky and faster) with
elimination of rigidity and akinesia. Rigid-bradykinetic
PD patients show similar behavior in times of danger
(e.g., house on fire) when these patients were reported
to have run out of the house. This is known as paradoxical
dyskinesia21.

Is RBD a forerunner (precursor) of
neurodegenerative diseases?
Since the initial description of RBD in 1986, there has
been an evolving concept of its etiology. What initially
was thought to be predominantly a REM parasomnia of
undetermined (idiopathic) etiology has tuned out to be
false after prospective and retrospective studies of
thousands of patients from different parts of the world.
It is now believed that the majority of the so-called
idiopathic RBD would eventually develop a progressive
neurodegenerative disease, predominantly the group with
accumulation of synuclein protein, a protein needed for
transporting dopamine from neuronal cell bodies to
axons and known collectively as synucleinopathies (e.g.,
PD, DLBD, MSA), but rarely also noted in taupathies
(e.g., progressive supranuclear palsy [PSP], occasionally
in Alzheimer’s dementia (AD), and corticobasal
ganglionic degeneration [CBD], and other
neurodegenerative diseases indicating a selective
vulnerability of synucleinopathies for key REMgenerating neurons in the brain stem5. In the following
paragraphs I would provide evidence to support such a
hypothesis based on clues from clinical,
neurophysiological, neuropsychological, olfactory, color
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 4, 2012
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vision, neuroimaging, neuropathological and autonomic
function studies.
Clinical clues: As mentioned earlier, Schenck et al2 after
a follow-up of their initial cohort of idiopathic RBD
patients (29) described in 1986 found that 11 of 29 (38%)
developed PD after a 10-year follow-up 2; this percentage
increased to 65% (17 out of 26; 3 were lost to follow up)
after a mean of 13 years, and 81% (21 of 26) after a
follow-up ranging up to 25 years22. Subsequent to initial
reports by Schenck et al numerous case series attesting
to this progression of idiopathic RBD to
neurodegenerative disease appeared in the literature. A
series of patients followed by Boeve et al from Mayo
Clinic spanning the years 1998 to 2010 showed that a
large number of these patients developed PD, DLBD or
MSA and they concluded that RBD may be a percussor
of an underlying alpha-synucleinopathy 23-28. Similar
reports of development of neurodegenerative diseases,
particularly synucleinopathies appeared from different
parts of the world (e.g., Plazzi, Gagnon, Fantini, Postuma,
Vetrugno, Iranzo and their co-investigators) strengthened
this initial suggestion that RBD may be a harbinger of
future neurodegenerative diseases29-38. In an important
longitudinal follow-up study to ascertain risks of
development of subsequent neurodegenerative diseases,
Postuma et al33 found such risk to be 17.7% at 5 years,
30.6% at 10 years and 52.4% at 12 years. Chassens et
al 39 from Mayo Clinic in a longitudinal retrospective
study reported subsequent development of
neurodegenerative diseases (PD, DLBD and MSA) after
an interval ranging up to 50 years with a median interval
of 25 years after the first onset of RBD symptoms. Thus,
this study clearly showed that the pathology of alpha
synucleinopathies may begin decades before the
symptomatic phase of these disorders. This study also
provides a potential window of opportunity to develop
an agent to slow down the progression or even halt the
progression of these disorders. Identification of potential
markers, however, is essential to confidently tell which
patients will eventually develop the neurodegenerative
diseases. Investigators are now attempting to identify
such biomarkers based on clues from different studies
as stated above. Besides synucleinopathies, other
degenerative diseases, although not so commonly seen
(e.g., taupathies) may be associated with RBD. Arnulf
et al40 and Sixel-Doring41 and coworkers described RBD
in 30% to 35% patients with PSP and Guadeloupean42
parkinsonism (a PSP-like syndrome) and other
investigators reported RBD in spinocerebellar ataxia –
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 4, 2012
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343 and rarely corticobasal ganglionic degeneration43 and
myotonic dystrophy type-244 patients. There may be
certain distinctive clinical clues to identify those patients
with PD45 who are likely to have RBD (see figure 4
showing schematically such features).
Neurophysiologic Clues: Slowing of the EEG46 and
increased slow wave activity47 documented by EEG
spectral analysis in many idiopathic RBD patients may
herald the development of PD or dementia and DLBD.
In some idiopathic RBD patients, impairment of short
latency afferent inhibition of the motor cortex 48
indicating cholinergic dysfunction suggested future
neurodegenerative disease in such patients.
Neuropsychological Clues: Neuropsychological tests
showing cognitive49 impairment or abnormal visuospatial
construction50 and learning in many RBD patients similar
to those noted in PD and DLBD patients may serve as
markers for subsequent development of
synucleinopathies.
Olfactory Dysfunction and Color Blindness: Severe
olfactory dysfunction and impaired color vision are often
important non-motor manifestations of PD and DLBD
preceding the motor and cognitive impairment of such
diseases. Using University of Pennsylvania Smell
Identification Test (UPSIT)51 and color discrimination
studies52, several investigators found a large number of
RBD patients showing similar deficits indicating that
those subjects are at risk for developing subsequent
synucleinopathies.
Neuroimaging Clues: Albin53, Eisensehr54, StiasnyKohlster55, Iranzo56 and collaborators reported reduced
striatal dopamine transporter (DAT) using SPECT and
PET studies in many patients with RBD with progressive
reduction of striatal dopamine transporter (DAT) with
progression of the disease. Whether this finding could
be used as a biomarker to identify those who will
subsequently develop synucleinopathies remains to be
determined. The other imaging findings in RBD patients
which may give clues to subsequent appearance of fullblown synucleinopathies include reduced uptake of
cardiac MIBG57,58 indicating noradrenergic denervation
and midbrain hyperechogenicity59,60 on transcranial
sonography suggesting increased basal ganglia iron
accumulation. Based on all these clues, the investigator
suggested the following as the potential biomarkers for
preedicting future development of neurodegenerative
diseases in RBD patients: 1) EEG slowing based on
spectral analysis; 2) Cognitive impairment with impaired
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visuospatial function; 3) Olfactory dysfunction; 4) Color
blindness; 5) Reduced striatal dopamine transporter
(DAT) uptake in IPT-SPECT imaging studies; 6)
Substantia nigra hyperechogenicity in transcranial
sonography. The specificity and sensitivity of these
suggestions will have to be determined by future
prospective studies in large samples.
RBD Pathophysiology: A dysfunction of any of the
neuronal substrates in the pontomesencephalic region
involved in REM sleep generation is most likely
responsible for the pathogenesis of RBD. However, only
a handful of cases of neuropathologically and MRI verified
brain stem lesions have been described in RBD patients5.
These observations suggest possible functional
neurochemical or microstructural lesions not visible in
standard brain magnetic resonance imaging (MRI) study,

but may be detected by special diffusion tensor imaging
(DTI) [61,62] showing decreased fractional anisotropy
and axial diffusivity (potential markers of neuronal loss
and axonal damage), and increased radial diffusivity
(potential marker of glial pathology) in the regions
known to be involved in the neurodegenerative pathology
and REM sleep regulating neurons. The suggested
pathophysiological mechanisms for absence of REM
muscle atonia and hypermotor and dream-enacting
behaviors have been described earlier in the chapter.

Laboratory Diagnosis of RBD
The initial step in the diagnosis is an adequate history
and physical examination followed by video-audio-PSG
study. This study may or may not capture an event in

Figure 7: A 60-second epoc from an overnight PSG study with CPAP titration in a patient with REM behavior
disorder. This segment is obtained during an episode of dream enacting behavior during rapid eye movement
(REM) sleep. This epoch represents REM sleep, as evidenced by rapid eye movements in the EOG channels and a
desynchronized, low voltage EEG; however, there are excessive phasic bursts and increased tonic activity in the chin
and limb EMG channels. These activities were present in more than 50% of REM epochs, meeting the physiologic
criteria for RBD. The top 6 channels represent EEG recording with electrodes placed according to the international
10-20 electrode placement system. E1-M1 and E2-M1 represent left and right electrooculogram (EOG) channels
with reference to the left mastoid (M1). The chin channel represents EMG activity from the mentalis muscle.
Multiple muscle recording includes EMG activity recorded from the following muscles: right sternocleidomastoid
(RtSterno1), bilateral biceps and triceps, lumbar paraspinal (Paraspinals) and bilateral quadriceps femoris muscles
referenced to the respective iliac crests (Rt-Quad), bilateral gastrocnemius (Gast 1) and tibialis anterior (Tib)
muscles. Chest and abdominal efforts were measured using respiratory inductive plethysmography belts. EKG
(electrocardiography), SaO2 (oxygen saturation by finger oximetry), HR (heart rate), and snore channels are also
displayed. The C-flow channel demonstrates obstructive apneas with arousals.
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 4, 2012

146

the laboratory, but it is important to perform to confirm
the diagnosis and is a requirement for the ICSD-2
diagnostic criteria for RBD9. The total REM percent,
REM sleep onset and REM-NREM cycling remain normal
in RBD patients. The striking finding in the PSG is the
presence of REM sleep without muscle atonia during at
least 50% of the REM sleep time and/or phasic muscle
bursts in cranial or limb muscle surface EMGs during at
least 50% of the REM sleep time (Figure 7). There are,
however, no standard guidelines regarding which muscles
to include and the definition of the phasic EMGs in terms
of amplitudes. Investigators attempted to develop
sensitivity and specificity of visual scoring of phasic and
tonic EMG activities (Lapierre et al63, Consens et al64,
Montplaisir et al65. In a recent study65, measuring tonic
and phasic EMG activities in the chin muscles, the
investigators found a sensitivity of 88.9%, a specificity
of 82.5% and total correct classification of 81.9% for
tonic EMG density of 30% or more, and phasic density
of 15% or more. Several computer-assisted measures66
are available but these have not been used clinically yet.
Another problem is that the ICSD-29 does not specify
which muscles to include and what is the cuff-off value.
One study by Frauscher et al67 found a combination of
mentalis, flexor digitorum sublimis in the upper
extremities and extensor digitorum brevis muscles in the
lower extremities (SINBAR EMG montage) useful with
a cut-off value of 32% in the chin EMG activity and the
phasic submental bursts. A note of caution is that there
is EMG heterogeneity. Some patients may show increased
tonic and phasic activities in the cranial and limb muscles
whereas other may show increased tonic activity in the
cranial but no increased phasic activities in the limb
muscles or normal muscle atonia in the cranial EMG
but increased phasic bursts in the upper and lower limb
muscles or normal atonia in the cranial but increased
phasic muscle bursts in the upper extremity EMG only
but not in the lower extremity EMGs. Therefore,
inclusion of cranial, at least one upper extremity and
one lower extremity muscles is important in order not to
miss the physiological diagnostic criteria in some patients.

The Management of RBD
It is notable that currently there are no randomized,
prospective, placebo-controlled double blind studies for
treatment of RBD. The treatment is based on general
consensus and expert guidelines. The treatment plan for
RBD consists of non-drug measures and drugs.
Indian Journal of Sleep Medicine (IJSM), Vol. 7, No. 4, 2012
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Non-drug treatment directs at achieving a safe
environment to minimize injury to the self or the bed
partners. The suggested measures to modify the
environment include removal of sharp objects from the
bedroom, putting protective barriers on the side of the
bed, placing mattresses or cushions on the side of the
bed or sleeping on padded mattresses on the floor,
covering windows with heavy curtains and sleeping in a
sleeping bag.
The drug treatment68-71 involves mostly clonazepam
and melatonin. Clonazepam has been found to be useful
in up to 90% of the patients but about 25% of the treated
patients will ultimately discontinue medication because
of side effects, such as dizziness or daytime sleepiness.
Recently, melatonin has been introduced as treatment
for those patients who do not respond to clonazepam
and some investigators72 even suggested that melatonin
be used as a first line therapy for RBD. The doses start
from 3 mg and may be gradually increased to 12 mg
nightly at bedtime if needed. Again in followup, it was
noted that about 25% of patients will discontinue
melatonin mainly because of ineffectiveness of the drug.
In some refractory patients, a combination of
clonazepam and melatonin is found to be useful. The
mechanism of action of clonazepam is not exactly known,
but could be due to either through its REM suppressant
effect or through its GABAergic mechanism or its
serotonergic action: Clonazepam restores the phasic
muscle bursts to normal quantity but does not have any
effect on the tonic EMG in these patients. Melatonin
on the other hand, restores normal REM muscle atonia
but has no effect on the phasic muscle bursts. The
mechanism of its action is not clearly known, but may
be partly by GABAergic inhibition or may re-entrain
internal circadian rhythm desychronization noted in RBD
patients and restore normal circadian REM sleep
modulation. The other drugs, which have been used in
scattered patients include pramipexole, acetyl
cholinesterase inhibitors, carbamazepine, and sodium
oxybate. Recently a non-drug treatment using an alarm
system has been suggested to be useful in some refractory
cases in one report73.
In addition to the drug and non-drug treatment, the
management should be directed at the associated
neurodegenerative diseases.

Conclusion
Longitudinal follow-up of idiopathic (cryptogenic) RBD
patients, identification of consistent potential predicted
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biomarkers for eventual manifestation of
neurodegenerative diseases and the prevention by some
possible future neuroprotected agents will open up new
era in the history of RBD. Many questions, however,
remain unanswered.1 What is the exact site of the lesion
(s)? 2) Why is there male predominance?3 Why are the
dreams mostly violent? 4 Is idiopathic RBD really
idiopathic or cryptogenic?5 Does REM sleep without
atonia and without any abnormal behavioral
manifestation signify a subclinical RBD?6 What is the
cause of heterogeneity of RBD? 7 What are reliable
biomarkers for predicting neurodegeneration?8 What is
the mechanism of action of drug treatment?9 What is the
mechanism of restoration of normal movements and
speech during RBD episodes in PD, DLBD and MSA
patients?
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