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Abstract
Rapid eye movement (REM) sleep behavior disorder (RBD) is a parasomnia manifested by vivid,
often frightening dreams associated with simple or complex motor behavior during REM sleep.
Patients appear to “act out their dreams,” in which the exhibited behaviors mirror the content of the
dreams, and the dream content often involves a chasing or attacking theme. The polysomnographic
features of RBD include increased electromyographic tone +/- dream enactment behavior during
REM sleep. Management with counseling and pharmacologic measures is usually straight-forward
and effective.

In this review, the terminology, clinical and polysomnographic features, demographic and
epidemiologic features, diagnostic criteria, differential diagnosis, and management strategies are
discussed. Recent data on the suspected pathophysiologic mechanisms of RBD are also reviewed.
The literature and our institutional experience on RBD are next discussed, with an emphasis on the
RBD-neurodegenerative disease association and particularly the RBD-synucleinopathy association.
Several issues relating to evolving concepts, controversies, and future directions are then reviewed,
with an emphasis on idiopathic RBD representing an early feature of a neurodegenerative disease
and particularly an evolving synucleinopathy. Planning for future therapies that impact patients with
idiopathic RBD is reviewed in detail.
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Overview
Rapid eye movement sleep behavior disorder (RBD) is characterized by loss of normal skeletal
muscle atonia during rapid eye movement (REM) sleep with prominent motor activity and
dreaming. In this article, the clinical, epidemiologic, and polysomnographic features of RBD
will be reviewed, followed by discussions on the criteria for diagnosis of RBD, and the
management of this disorder. Recent data on the pathophysiologic underpinnings of RBD is
next discussed. RBD associated with neurodegenerative disorders will then be discussed, with
a particular emphasis on the RBD-synucleinopathy association. The concept of “idiopathic”
RBD and the multitude of findings on ancillary studies in those labeled with idiopathic RBD
will next be reviewed. Discussions on the evolving concepts and controversies will then follow.
Finally, several issues pertaining to planning for future therapeutic trials in those with iRBD
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due to an underlying and evolving neurodegenerative disorder will be presented. Readers are
directed to some key recent reviews on the fascinating parasomnia of RBD.1-3

The Core Aspects of RBD
Terminology

Some of the terms relating to REM sleep and RBD are confusing, and many reviews of RBD
have not tended to elaborate on the ever-important issue of terminology.

Stage R—Stage R the new nomenclature proposed by the American Academy of Sleep
Medicine, has changed the term “Stage REM” to “Stage R.”4 For historical and other reasons,
the term “REM sleep” will be used throughout most of this article.

Dream enactment behavior (DEB)—Dream enactment behavior (DEB) this is a term that
many investigators use to describe a history of recurrent nocturnal dream enactment behavior
(abbreviated DEB). While almost all patients with RBD have a history of DEB (the few that
don't are diagnosed purely on PSG – see below), not all patients with a history of DEB have
RBD; similar behavior can also occur in untreated obstructive sleep apnea,5 as well as in
sleepwalking and sleep terrors in adults, epilepsy, post-traumatic stress disorder, or as an effect
of alcohol or drug administration or withdrawal.1, 6 Thus, most experts view that PSG
confirmation of RBD is essential to make the diagnosis since DEB is not specific for RBD.

REM sleep without atonia (RSWA)—REM sleep without atonia (RSWA) this is the PSG-
defined finding of increased electromyographic (EMG) tone during REM sleep (Stage R).
Normally during REM sleep, there is active inhibition of EMG activity leading to complete or
near complete atonia on the EMG derivations, but REM sleep without atonia (often abbreviated
RSWA) represents the abnormal state of increased EMG tone. A major issue in PSG
methodology currently is to establish what degree of EMG activity is considered within normal
limits and what exceeds this and should be considered abnormal. This issue will be discussed
further in the sections that follow.

REM sleep behavior disorder (RBD)—REM sleep behavior disorder (RBD) the term
REM sleep behavior disorder (abbreviated RBD) is a distinct parasomnia characterized by both
abnormal REM sleep electrophysiology – RSWA – and abnormal REM sleep behavior – a
history of recurrent nocturnal DEB. Most experts view that the diagnosis of RBD cannot be
applied unless both DEB and RSWA are present, and hence a polysomnogram is required to
make the diagnosis. The shortened term “REM behavior disorder” is incomplete – it is the
abnormal behaviors during REM sleep that the disorder of RBD represents (rapid eye
movements or REMs occur during wakefulness – this is not relevant to the subject of RBD).

Subclinical RBD—Subclinical RBD some authors have equated the PSG finding of RSWA
with subclinical RBD,7, 8 implying that such patients with increased EMG tone during REM
sleep (Stage R) will subsequently develop clinical RBD. While we have certainly evaluated
patients with RSWA who not only develop clinical RBD, but also a neurodegenerative disorder,
this author would argue that there has not been a sufficient number of prospectively followed
subjects with RSWA who subsequently develop clinical RBD to justify use of the term
“subclinical RBD.” Hence, the PSG finding of RSWA should be applied, and longitudinal data
will justify or refute equating RSWA with subclinical RBD.

Clinically probable RBD or probable RBD (pRBD)—Clinically probable RBD or
probable RBD (pRBD) this term is synonymous with recurrent nocturnal DEB, and is being
used more frequently at present in epidemiologic studies when PSG-confirmation of RBD is
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not feasible in all cases, and by investigators who are not able to perform sleep studies due to
lack of availability of sleep centers and/or lack of reimbursement for PSGs.

Idiopathic RBD (iRBD)—Idiopathic RBD (iRBD) this term refers to RBD occurring in the
absence of any other obvious associated neurologic disorder. There is a large amount of recent
data suggesting that many patients with iRBD actually represent an evolving neurodegenerative
disorder (discussed in detail later in this review), which has fostered many authors to qualify
the term idiopathic RBD with surrounding quotation markers (ie, “idiopathic” RBD).

Secondary or symptomatic RBD—Secondary or symptomatic RBD these terms refer to
the combination of RBD plus another neurologic disorder, such as narcolepsy or a
neurodegenerative disease.

Considering some of these issues relating to terminology, one could propose some minor
changes to some key terms as is shown in Table 1. These are merely suggestions based on this
author's experience and opinions.

Illustrative Case
There are many illustrative examples in the literature. One patient evaluated at our institution
fell asleep as a passenger on a transatlantic commercial flight and then exhibited punching and
kicking behavior (who months later still recalled the dream of fighting animals in a cave). The
behavior was interpreted as a seizure and the pilot urgently redirected the airliner back to the
United States mainland for emergency medical care, resulting in tens of thousands of dollars
being spent on the emergency landing, thousands more during the inpatient work-up of a
suspected seizure, and requiring hundreds of passengers to change their travel plans. The initial
inpatient evaluation was unrevealing, but the patient was prescribed phenytoin which he
continued to use up to his initial evaluation at our institution several weeks after the plane
incident. Periodic nocturnal dream enactment behavior had continued. The description of the
prior spell and many other episodes of nocturnal dream enactment behavior over the preceding
years, as described by the patient himself (he was a widower) were classic for RBD, and the
diagnosis was confirmed on polysomnography. Phenytoin was discontinued, and low-dose
clonazepam proved to provide complete control of his nightmares and behaviors. Upon re-
evaluation two years later for a newly-developed rest tremor in one limb, shuffling gait,
slowness of movement, etc., he had developed the cardinal features of Parkinson's disease.

Clinical Features
The demographic and clinical phenomenology of RBD are summarized in Table 2; examples
of specific features and examples of behaviors can be found in numerous references.1-3, 9-27

One can characterize the three primary aspects of RBD as abnormal vocalizations, abnormal
motor behavior, and altered dream mentation.

Abnormal vocalizations—While individuals may grunt, speak, laugh, or vocalize in a
variety of ways during non-REM (NREM) and REM sleep, and such vocalizations are not
necessarily “abnormal,” the vocalizations in RBD tend to be loud and suggest unpleasant dream
mentation. Shouting, screaming, and swearing are common, and are often described as being
very unlike the typical soft-spoken nature of the person's tendency to speak during wakefulness.

Abnormal motor behavior—Infrequent limb jerks are also common during sleep in
individuals without RBD, but in those with RBD, the motor activity often begins with some
repetitive jerking or movements, followed seconds later by more dramatic and seemingly
purposeful activity such as punching, flailing as if to protect oneself, running, jumping out of
bed, etc. It is during these behaviors that injuries to patients and their bedpartners can occur.
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Some bedpartners have attempted to awaken patients during an episode, and their comments
and gestures become interwoven into the dream, sometimes resulting in injury. One spouse
would keep a broom under her side of the bed and use it as her “wake-up poker” to abort her
husband's RBD episode while she stood four feet away, yet on occasion this would be grabbed
by her husband and used as a sword to fend his attackers. Bruises, pulled hair, limb fractures,
and subdural hematomas have all been reported.

Altered dream mentation—Most patients view their dreams as nightmares, and the dream
content often involves insects, animals, or people chasing or attacking them or their relatives
or friends; the patient is almost always the defender and not the attacker. Many patients are
able to recount the content of their dreams upon being awakened at the time of the behavior.
Unlike most pleasant dreams and nightmares, when most individuals typically recall the details
of dreams vividly upon awakening but seemingly forget almost all details by noon the following
day, those with RBD can often recall vivid details of the nightmares for days, and sometimes
for weeks or years. Those with significant dementia may not be able to recall and/or describe
their dreams; in such cases, bedpartner observations of the abnormal behaviors are helpful.

The vocalizations and behaviors that are exhibited are strikingly consistent with the content of
the dreams later reported by the patient – the behaviors mirror the dream content. Bedpartners
are often very accurate at predicting what the patient had just dreamed about based on their
observations of the dream enactment behavior. One vivid example involved a man who held
his wife's head in a headlock while moving his legs as if running while both were attempting
to sleep in bed, then exclaimed, “I'm gonna make that touchdown!” and then attempted to
forcefully throw her head down toward the foot of the bed. When awakened, he recalled a
dream in which he was running for a touchdown, and he spiked the “football” in the end zone.
His wife knew precisely what he had been dreaming about.17

The timing of RBD episodes reflects when the patient is in REM sleep, and since the majority
of REM sleep occurs during the latter half of the sleep period (particularly latter third of the
sleep period, which for most individuals is after 3 am), RBD tends to be exhibited in the few
hours prior to wake onset. There are exceptions to this, however, primarily in those who have
narcolepsy (and thus enter REM sleep frequently within an hour of sleep onset) or who have
an increased REM sleep drive due to sleep deprivation or untreated obstructive sleep apnea.

We have heard numerous descriptions from wives who experienced their first instance of being
struck on their wedding night, thereby indicating that RBD can present in one's late teens or
twenties. Many of these patients did not begin exhibiting features of a neurodegenerative
disorder until 3-6 decades later. The frequency of DEB also varies widely – without treatment,
some exhibit DEB every night, sometimes several times each night (presumably during most
or all episodes of REM sleep), while others exhibit it no more than one night per month. Still
others appear to exhibit clustering, with RBD occurring nightly for a week and then going
months with little or no RBD, and then RBD occurring frequently some time later. Such patients
are rarely able to identify an obvious trigger for the flurry of RBD. It is not known why the
frequency varies so widely in patients with RBD.

Demographic and Epidemiologic Features
Most patients with RBD are male. Onset of symptoms varies widely, although most develop
symptoms in the 40-70 age range. Those with RBD evolving before age 40 typically have
narcolepsy (RBD and narcolepsy often coexist), although some whose RBD begins early in
life can evolve into a neurodegenerative disorder decades later.28, 29 There is new data
suggesting that the male predominance of RBD associated with PD (82%) and DLB (82%) is
significantly less frequent than that associated with MSA (64%).30 This is a topic clearly worthy
of further study if indeed there are sex differences on the specific type of neurodegenerative
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disease associated with RBD. Other published data on the frequency of RBD associated with
neurodegenerative disease is largely based on convenience samples, and cannot be considered
truly representative of the frequency of RBD associated with other neurodegenerative
disorders.

The only published epidemiologic data on parasomnias in the population with relevance to
RBD was based on telephone interviews in the United Kingdom. Ohayon et al. conducted
interviews using the Sleep-EVAL system in 4972 individuals aged 15-100 years, and found
106 (2%) reported violent behaviors during sleep, most of whom were male.31 Twenty-five of
these participants (0.5% of the sample) reported features highly suggestive of RBD. This single
study has thus formed the basis for the estimated prevalence of RBD to be 0.5%.

An investigation of all patients residing in Olmsted County, Minnesota, who carried the
diagnosis of PSG-confirmed RBD on April 1, 2008 was 0.02% (Table 3) (Boeve et al,
unpublished data). This is by no means a sound epidemiologic study of the prevalence of RBD
in a population, but the frequency of 20/100,000 could at least be considered a minimum
estimate of the frequency of RBD in one county who have come to medical attention, undergone
a PSG, and had the diagnosis confirmed. This is clearly a gross underestimate also when one
considers that the sample from which these subjects were derived only includes participants
in an aging and dementia research program, and while many residents of Olmsted County with
PD also have probable RBD, they either do not have RBD confirmed by PSG, or do have PSG-
confirmed RBD but are not participating in this particular research program.

Another dataset using the Mayo Sleep Questionnaire (discussed in more detail below) as a
screening measure for probable RBD identified 79 (8.9%) of the 892 participants in the Mayo
Clinic Study of Aging (MCSA) who screened positive for RBD;32 the MCSA is a population-
based study assessing cognition, functional status, laboratory markers, neuroimaging markers,
etc., in 70-89 year old community-dwelling residents of Olmsted County, Minnesota. While
the RBD questions on the MSQ are not 100% specific for RBD (specificity is around 70%
based on one validation study,33 our prior findings of increased frequency of parkinsonism,
34 apathy and anxiety,35 and lower scores on measures of attention/executive functioning36

associated with positive screening for RBD on the MSQ in the MCSA, does suggest a large
proportion of those who screen positive likely do have RBD.

Considering the growing data that “idiopathic” RBD may actually represent an evolving
neurodegenerative disorder in a sizable proportion (to be discussed in more detail below), a
well-designed epidemiologic study of the prevalence of RBD is clearly warranted.

Diagnostic Criteria
The 2nd edition of the International Classification of Sleep Disorders requires the following
for the clinical diagnosis of RBD:37

A. Presence of RSWA on PSG

B. At least one of the following:

1. sleep-related, injurious, potentially injurious, or disruptive behaviors by
history (i.e., dream enactment behavior), and/or

2. abnormal REM sleep behavior documented during polysomnographic
monitoring,

C. Absence of EEG epileptiform activity during REM sleep unless RBD can be clearly
distinguished from any concurrent REM sleep related seizure disorder
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D. The sleep disorder is not better explained by another sleep disorder, medical or
neurological disorder, mental disorder, medication use, or substance use disorder.

The American Academy of Sleep Medicine has critically evaluated the scoring methods of
PSGs, and the formal diagnosis of RBD has changed slightly,4 and will likely change further
as refinement occurs – this is discussed in more detail in the Polysomnographic Features section
below.

Differential Diagnosis
The differential diagnosis of recurrent DEB includes the non-REM parasomnias
(somnambulism, night terrors, confusional arousals), nocturnal panic attacks, nocturnal
seizures, nightmares, noctural wandering associated with dementia, and obstructive sleep
apnea (OSA). The history usually allows differentiation of these disorders from RBD. When
diagnostic clarification is necessary, particularly when the risk for injury is high, the behaviors
occur at any time of the night, other features suggesting an evolving neurodegenerative is
present, or loud snoring and observed apnea suggestive of OSA is present, PSG with
simultaneous video monitoring is warranted.

Polysomnographic Features
Those unfamiliar with the updated sleep stage characterization and scoring of PSGs should
review the references which were authored by key authorities in the field of sleep medicine.
38, 39 The new American Academy of Sleep Medicine Manual for the Scoring of Sleep and
Related Events4 has maintained many of the criteria and definitions for REM sleep (stage R),
primarily low amplitude mixed frequency EEG background, rapid eye movements, and low
chin EMG tone. RSWA can be applied when there is 1) sustained muscle activity in REM sleep
with 50% of the epoch having increased chin EMG amplitude, and/or 2) excessive transient
muscle activity, defined by the presence of 5 or more mini-epochs (a 30 second epoch is divided
into 10 3-second mini-epochs) in an epoch having transient muscle activity lasting at least 0.5
seconds. There was no minimum number of epochs showing abnormal muscle activity required
for the RSWA designation – this was purposefully not stated as there is little good normative
data.4

One can appreciate normal REM sleep/stage R as characterized by rapid eye movements,
minimal to no EMG tone, and mixed alpha and theta activity on electroencephalography (EEG)
as shown in Figure 1A. The characteristic electrophysiologic finding in patients with RBD is
RSWA. This usually takes the form of a pathologic accentuation of transient muscle activity
as shown in Figure 1B. Simultaneous video/PSG recording is essential for evaluating patients
with suspected RBD, so that vocalizations and limb movements can be captured and viewed
concurrently with PSG data. When vocalizations and/or limb movements emerge during REM
sleep, without associated epileptiform activity on the EEG derivations (as in Figure 3B), the
diagnosis of RBD is established. In our experience, violent and complex dream enactment
behavior is relatively uncommon during single night PSG recordings; rather, increased EMG
tone during REM sleep and sparse limb jerks are the norm.

Due to scheduling challenges and logistical issues, in which PSGs for evaluation of suspected
RBD cannot be arranged in a timely manner at sleep disorder centers with procedures in place
for assessing parasomnias, the sleep clinicians knowledgeable in the parasomnias attempt to
work with local sleep clinicians to encourage them to perform PSGs with extra surface EMG
leads on the limbs, and have all video/PSG data time-locked or even more simply
unsynchronized to simultaneous video/PSG recording. The local sleep clinician is also
requested to scrutinize the degree to which EMG tone is increased during REM sleep, whereas
there should be essentially complete atonia. Frustratingly, this is very rarely accomplished, and
thus the question of whether individual patients have REM sleep without atonia or overt RBD
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captured on PSG remains unanswered. This lack of consistency has many root causes, not the
least of which being inadequate training of sleep fellows in the assessment and management
of parasomnias, as well as the variable views of how to operationalize the assessment of what
truly constitutes REM sleep without atonia vs normal EMG atonia during REM sleep. This
issue will be discussed further in the section on Evolving Concepts, Controversies and Future
Directions.

Management
The goals of therapy are to minimize the three cardinal features of the disorder – decrease the
frequency and severity of the abnormal vocalizations (thereby reducing the embarrassing
nature of screams and swearing with guests in the home, when traveling and sleeping in hotels,
and when fishing/hunting/camping and sleeping in tents), decrease the frequency and severity
of the abnormal behaviors (thereby reducing the risk of injury to the patient and bedpartner),
and decrease the unpleasant dreams (thereby reducing the anticipatory concerns about
nightmares which sometimes results in overt “sleep phobia”). All patients and their bedpartners
should be counseled on simple steps to minimize injury, such as moving sharp and edged
objects out of harms way, and placing a mattress or cushion of some type on the floor adjacent
to the bed (many patients use foam rubber mattresses). A protective barrier placed on the side
of the bed, such as any designed for infants to decrease the risk from falling off the bed, are
variably effective.

Since most patients with RBD are male, it may be the “male pride” that keeps them from using
barriers designed for infants, and other techniques have been used. Some have constructed
plywood barriers placed along side the bed and on the bed in between the patient and spouse,
with padding affixed to the sides of the plywood facing the patient. Others use a small mattress
and place it on its side adjacent to the bed, with chairs leaning against the mattress to keep it
in place. Some sleep in a sleeping bag in the bed in a cocoon-like fashion, with the open end
of the sleeping bag toward the head tied as snuggly as possible. Some go to bed with oven mits
on their hands, with shoestrings tied around the wrists to keep the mits in place. One man has
used a rope with one end tied around him and the other end tied around the bedpost to alter his
tendency to lurch and run out of bed. These and other colorful examples of safety ingenuity
are described in other informative and entertaining sources1 – Carlos Schenck's text on
parasomnias is a must-read for anyone interested in the RBD field.2

Clonazepam has been the drug of choice in those without significant cognitive impairment nor
OSA, and is usually effective at 0.25-0.5 mg/night, but doses above 1 mg nightly are necessary
in some patients.12, 22 Recent experience with melatonin shows that doses ranging from 3-12
mg/night can be effective either as sole therapy, or in conjunction with clonazepam when either
melatonin or clonazepam alone is ineffective.40, 41 As noted in an excellent recent review on
the subject of treatment,42 other drugs reported to improve RBD include pramipexole,43

donepezil,44 levodopa,45 carbamazepine,46 triazolam,22 and clozapine.22 We have also found
quetiapine to be quite effective for managing RBD in many patients.

For unmarried couples who are dating, intimacy invitations to women by males with RBD are
made only after considerable planning. Many married couples choose to sleep in separate
bedrooms, with the resulting loss of intimacy. All of these accounts described above may sound
somewhat comical to those unfamiliar with the disorder of RBD, but for those with frequent
and severe episodes, preparing for sleep requires completing a nightly routine with potentially
disastrous consequences when the drug and non-drug aspects of management are not followed.

As noted above, most patients experience a marked improvement in the frequency and severity
of RBD features with medical therapy. Yet there are rare individuals whose RBD continues
despite clonazepam being used in excess of 3 mg/night plus melatonin in excess of 12 mg/
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night. The addition of quetiapine, or levodopa, or a dopamine agonist sometimes provides
benefit, other times not. We are aware of one patient whose RBD continued with nightly
nightmares, screaming, and occasional injuries to himself despite clonazapem 4 mg/night,
melatonin 12 mg/night, and quetiapine 100 mg/night, but with the addition of sodium oxybate
at 3 grams at bedtime and 3 grams taken 3 hours later, his RBD was essentially completely
controlled. He was later able to control RBD entirely with sodium oxybate monotherapy, yet
if he forgot to take a dose, RBD would invariably occur. This author views sodium oxybate as
a last resort, but for the very rare individuals with otherwise medically-refractory RBD, the
benefit of markedly reduced risk of injury could be considered to outweigh the risks.

It is not clear why clonazepam, melatonin, and other agents improve RBD. Clonazepam reduces
phasic activity in REM sleep, and while this agent clearly improves the three cardinal features
in most patients, RSWA is still evident in those who undergo PSG while taking the drug.
Melatonin has been shown to decrease the percentage of REM sleep epochs without muscle
atonia and decrease the number of stage shifts in REM sleep, suggesting it has a more direct
mode of action on REM sleep pathophysiology. One hypothesis is that it restores circadian
modulation of REM sleep.40 Most sleep experts are frankly puzzled why melatonin has any
effect on RBD.

There is recent data that some agents, particularly within the selective serotonin reuptake
inhibitor (SSRI) and selective norepinephrine reuptake inhibitor (SNRI) classes, can precipitate
or aggravate RBD in some individuals.47, 48 One interpretation is that this class of drugs
sufficiently alter REM sleep physiology to seemingly induce RBD. Another interpretation is
that in such patients, REM sleep control has already become dysregulated – perhaps due to an
early evolving neurodegenerative disorder – and the SSRI or SNRI unmasks RBD which would
have manifested months or years later (see section on Evolving Concepts and Controversies).
In patients with both RBD and depression, which also often coexist, it may be best to favor an
agent such as buproprion over the SSRI and SNRI agents due to its different pharmacologic
properties.1

Pathophysiology
A comprehensive review of the known pathophysiology of RBD in the animal models and the
hypothesized pathophysiology in humans can be found elsewhere;3 in this review, concepts
and data pertaining to human RBD will be emphasized.

The proposed anatomic substrate for REM sleep control in humans is shown in Figure 2, and
the proposed pathophysiology of human RBD is shown in Figure 3. The critical structures in
the brainstem include the “REM-off” region consisting of the ventrolateral part of the
periaqueductal gray matter (vlPAG) and lateral pontine tegmentum (LPT), the “REM-on”
region consisting of the pre-coeruleus (PC) and sublaterodorsal nucleus (SLD), as well as the
extended part of the ventrolateral preoptic nucleus (eVLPO), locus coeruleus (LC), laterodorsal
tegmental nucleus (LDTN), pedunculopontine nucleus (PPN), and raphe nucleus (RN).

Studies in the cat and rat models suggested that there are two motor systems involved in normal
REM sleep: one for generating muscle atonia and one for suppressing locomotor activity.
49-57 The absence of motor activity in normal REM sleep occurs via active inhibition of spinal
motoneurons plus reduced drive within locomotor generators. While phasic oculomotor and
locomotor activity such as rapid eye movements and brief and low amplitude muscle twitches
occur as normal phenomena in REM sleep, more elaborate motoric activity is directly or
indirectly suppressed.18, 58 The final common pathway of spinal motor neuron inhibition was
inferred to be via the medullary magnocellular reticular formation (MCRF); this inhibitory
nucleus is known to suppress anterior horn cell activity via projections of the ventrolateral
reticulospinal tract (VLST). The pontine nuclei described above are known to influence the
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REM and non-REM sleep circuits. In addition, midbrain and forebrain structures have been
tied into these circuits: substantia nigra, hypothalamus, thalamus, basal forebrain, and frontal
cortex.

The brainstem regions that have classically been considered in RBD pathophysiology based
on lesion studies in cat include the MCRF, locus coeruleus/subcoeruleus complex, PPN,
LDTN, and possibly substantia nigra (SN).49-57 Although these studies have identified
components of REM sleep circuits, the primary sites and interactions have been debated.
Lesions in the MCRF release the tonic inhibition on spinal motoneurons, leading to RSWA,
but these lesions also destroyed fibers of passage. Lesions in the coeruleus/subcoeruleus
complex cause RSWA, and the site and size of the lesion determines whether simple or complex
behaviors are exhibited.49 There is also debate whether lesions in the PPN cause RSWA.45,
55, 56 The substantia nigra and the dopaminergic system have been proposed as a component
of this REM sleep system, but there is minimal direct evidence to implicate the substantia nigra
or dopaminergic dysfunction in RBD pathophysiology. Similarly, no convincing examples of
RSWA nor RBD that have resulted from lesions in the diencephalon or telencephalon. Most
evidence now suggests that populations of neurons that are considered “REM-on” cells in the
subcoeruleus region are central to REM sleep and the associated EMG atonia.59, 60

The sublaterodorsal nucleus (SLD) identified by Boissard et al, which is equivalent to the
subcoeruleus or peri-locus coeruleus in the cat, is the major structure responsible for REM
sleep.61, 62 More recent work has led to the concept of a putative on/off switch for control of
REM sleep.60

We have hypothesized that the structures and networks in humans are similar to the animal
models,3 with the SLD or analogous nucleus with projections to spinal interneurons (“direct
route”, denoted by the dotted line from SLD to spinal interneurons in Figure 3) being the final
common pathway that causes active inhibition of skeletal muscle activity in REM sleep. The
“indirect route” (denoted by the dashed line from SLD to spinal interneurons in Figure 3) can
also contribute, with SLD lesioning causing reduced excitation of the MCRF, thereby causing
a net reduced inhibition of spinal motoneurons (either directly or via spinal interneurons). It is
not clear yet if lesioning or degeneration of the MCRF is sufficient to cause RBD in humans.

The locomotor generators, which are presumed to project to the spinal motoneurons either
directly or indirectly via other brainstem nuclei, have yet to be identified and characterized.
The neuronal circuitry for this process is poorly understood, and supratentorial influences on
both the locomotor generators and the muscle atonia system are likely. One could predict that
a variety of stimuli could alter locomotor drive and/or muscle atonia, such as other primary
sleep disorders (e.g., obstructive sleep apnea), structural lesions in the brainstem,
neurodegeneration, medications, illicit drugs, head trauma, etc.

This schema will require careful scrutiny based on meticulous histopathologic studies – this
issue is discussed further in the concluding section.

The RBD – Neurodegenerative Disease Association
Analyses in Patients with RBD Plus Parkinsonism and/or Dementia

The major clinical syndromes and histopathologic disorders which cause dementia and/or
parkinsonism are shown in Figure 4. As shown in this figure, numerous cases of RBD have
been reported in association with certain neurodegenerative disorders, but not reported to date
in association with most others. RBD is frequently associated with clinically-diagnosed
Parkinson's disease,3, 9, 20-23, 25, 26, 40, 43, 47, 63-80 dementia with Lewy bodies,3, 17, 26, 27,
41, 80-87 and multiple system atrophy.9, 10, 20, 22, 25, 26, 88-98 Pure autonomic failure has also
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been reported.20, 99 RBD was identified in several members of a kindred with a parkin
mutation,100 and Lewy body disease pathology has been reported in a different large kindred
with parkin mutations.101 Many of the cases described in the reports noted above have had
postmortem examination, and all such cases have had Lewy body disease or MSA confirmed
at autopsy.

RBD has also been associated with other neurodegenerative disorders, albeit far les frequently.
Spinocerebellar atrophy – type 3 (SCA-3) has also been reported associated with dream
enactment behavior (although few have had PSG confirmation).102-104 Three (12%) of the 25
patients with Huntington's disease studied by Arnulf et al. had evidence of RBD.105 RSWA
has been reported in a single case of sporadic CBD,7 but this patient did not have clinical RBD
features. RBD has been reported in two cases of clinically-suspected sporadic PSP20, 22 and
in 2/15 (13%) of a group of PSP subjects.106 We recently reported on a case who had the DLB
phenotype including RBD, but had PSP pathology.3 One case of RBD with amyotrophic lateral
sclerosis has also been identified.20 Guadeloupean parkinsonism (a tauopathy) has also been
associated with RBD (7/9 patients studied), with 3 of these exhibiting RBD features many
years prior to the onset of parkinsonism.107

One case of clinically-diagnosed Alzheimer's disease was associated with RBD,108 and
neuropathologic analysis identified both Alzheimer's disease and Lewy body disease.109 We
(Boeve et al, unpublished data) and others80, 110, 111 have observed sparse cases of RBD
associated with clinically probable AD. In the study by Postuma et al,80 the neuropsychological
profile of probable AD cases was indistinguishable to those with probable DLB, which suggests
such cases have underlying LBD; these data are consistent with other data showing RBD
associated with dementia but not visual hallucinations or parkinsonism likely reflects
underlying LBD.83

Our updated clinicopathologic experience involving patients evaluated at Mayo Clinic
Rochester and Mayo Clinic Jacksonville who had RBD associated with cognitive impairment/
dementia and/or parkinsonism is shown in Table 4, which demonstrates the preponderance of
LBD and MSA in this series (41/43=95%). The patient described above with PSP pathology,
and a recently identified case with PSG-confirmed RBD who had atypical DLB clinical features
yet AD pathology (Boeve et al, unpublished data) are the exceptions.

These data include several hundred autopsy-proven cases of Alzheimer's disease in the Mayo
Alzheimer's Disease Research Center/Alzheimer's Disease Patient Registry, and also several
hundreds autopsy-proven cases of PSP in the Society for PSP Brain Bank. Therefore, the vast
majority of cases with RBD - with or without coexisting cognitive impairment and/or
parkinsonism – represent an underlying synucleinopathy.

There are no published reports of RBD associated with Pick's disease, frontotemporal dementia,
progressive nonfluent aphasia syndrome, semantic dementia, progressive subcortical gliosis,
argyrophilic grain disease, frontotemporal lobar degeneration with ubiquitin- and TDP-43-
positive inclusions, or dementia lacking distinctive histopathology.82 No evidence of RSWA
or RBD was found in a recent study of 11 members of the pallido-ponto-nigral degeneration
kindred who have the N279K mutation in the microtubule associated protein tau (MAPT),
which represents a primary tauopathy.112 We have also not encountered RBD in any of our
families with familial FTD +/- parkinsonism associated with other mutations in MAPT or with
mutations in progranulin.113

Analyses in Patients with Idiopathic RBD
There are few studies published to date which involved patients with iRBD who have been
followed prospectively. The seminal paper by Schenck et al. which launched the interest in the
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RBD-neurodegenerative disease association showed that among 29 iRBD patients who they
followed longitudinally, 11 (38%) developed a parkinsonian disorder at a mean interval of 3.7
years after the diagnosis of RBD, and at a mean interval of 12.7 years after the onset of RBD.
114 As of 2005, over 65% of their original group has developed parkinsonism and/or cognitive
impairment.29 Four of these patients with iRBD plus cognitive impairment are currently being
followed in the Mayo Alzheimer's Disease Research Center (kindly referred by Drs. Schenck
and Mahowald), of whom 1 has nonamnestic mild cognitive impairment and the 3 others have
classic DLB features.

Iranzo et al. reported on a series of 44 patients with iRBD with at least 2 years of clinical
follow-up, of whom 20 (45%) patients developed a neurological disorder after a mean of 11.5
years from the reported onset of RBD.26 The newly-emerged disorders included PD (n=9),
DLB (n=6), MSA (n=1), and mild cognitive impairment (n=4) in whom visuospatial
dysfunction was prominent.26

Postuma et al. recently reported on a series of 93 patients with iRBD who they followed
longitudinally, of whom 26/93 patients developed a neurodegenerative disorder: PD in 14,
DLB in 7, probable AD in 4, and MSA in 1.80 The estimated 5-year risk of neurodegenerative
disease was 17.7%, the 10-year risk was 40.6%, and the 12-year risk was 52.4%.80

Two cases with iRBD have had LBD pathology identified (termed “incidental LBD”).
Uchiyama et al reported on a patient with a 20-yr history of RBD who had no cognitive or
motor findings thoughout his clinical course. At autopsy, Lewy bodies were identified,
particularly in the brainstem.115 We reported on a surgeon with PSG-proven RBD (onset age
57 years) and no other neurologic signs or symptoms who underwent neuropathologic
examination upon his death at age 72.116 Histopathologic analysis showed Lewy body disease,
with interestingly no significant neuronal loss or gliosis present in the substantia nigra or locus
ceruleus.116

RBD and the Synucleinopathies
The disorders of LBD and MSA, which have prominent α-synuclein-positive pathology, are
collectively termed “synucleinopathies.” Therefore, the clinical and pathologic data strongly
supports the association of RBD with the synucleinopathies, and most experts in the field now
regard patients with RBD plus cognitive impairment and/or parkinsonism likely have an
underlying synucleinopathy.3, 26, 27, 76, 80, 82, 84, 110, 117-119 Furthermore, among the non-
synucleinopathy disorders associated with RBD (e.g., PSP, SCA-3, and AD), patients have
tended to have RBD evolve concurrently with or after the onset of parkinsonism, whereas RBD
typically begins years or decades before the onset of cognitive and motor features of PD, DLB,
MSA, and PAF. Hence, RBD preceding the motor and cognitive features of a
neurodegenerative disorder may be particularly common in the synucleinopathies, and there
is considerable interest to study patients with “idiopathic” RBD (discussed in much more detail
in the sections that follow).

RBD, the Synucleinopathies, and Selective Vulnerability
The tendency of RBD to occur frequently in the synucleinopathies and rarely in the tauopathies
and other neurodegenerative disorders supports the concept of selective vulnerability occurring
in key brainstem neuronal networks in the synucleinopathies, and such neuronal networks are
likely to be less dysfunctional or normal in the tauopathies and other neurodegenerative
disorders.3, 26, 27, 80, 82, 84, 110, 117, 118 PD, DLB, MSA, the other few non-synucleinopathy
disorders associated with RBD, and the rare RBD cases with structural brainstem lesions, may
provide particular insights into RBD pathophysiology by demonstrating which neuronal
networks are dysfunctional compared to the many disorders and cases that are not associated
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with RBD. Comparing the neuropathological findings (especially if neuronal quantification of
key brainstem structures can be performed) in the rare cases of RBD associated with non-
synucleinopathy disorders to the more common cases of non-synucleinopathy disorders not
associated with RBD may be particularly enlightening.

RBD in the Context of the Braak Staging System for Parkinson's Disease
Braak et al. have proposed a staging system for the neuropathologic characterization of the
phenotype of PD, and this system may be applicable to the timing of the evolution of RBD in
the context of evolving LBD regardless if the clinical phenotype evolves as PD or DLB.3, 26,
76, 80, 84, 110, 117, 119-121 This staging system posits a temporal sequence of α-synuclein
pathology in the brain beginning mainly in the medulla (and olfactory bulb) and gradually
ascending to more rostral structures.120, 121 Dysfunction in the SLD +/- MCRF and peri-LC
structures (Stage 2) could lead to RSWA and RBD, and more specifically, prominent
degeneration in the SLD could be the critical nucleus involved. This temporal sequence of
pathology could explain why RBD precedes parkinsonism and cognitive decline (Stages 3 and
4) and dementia (Stages 4-6) in many patients with Lewy body pathology. A schematic
representation of this evolution through stages 2 and 3 are shown in Figure 5.

Over the few years since Braak et al. presented their staging scheme for PD, they and others
have provided evidence that Lewy body disease is a more systemic process that clearly affects
the peripheral autonomic nervous system, and in some cases actually may begin in the spinal
cord prior to the brain, and the peripheral autonomic system even before the central nervous
system.122-126 Lewy bodies and Lewy neurites have been found in the enteric nervous system,
cardiac sympathetic system, and spinal cord (particularly intermediolateral cell column).
122-126 A schematic of this representation and the likely structures and associated clinical
features are shown in Figure 6. This schematic is admittedly overly-simplistic, and the actual
contributions to the clinical features associated with LBD are surely more varied and complex
than is depicted here. Yet the implications of this widespread pathology and possible evolution
of LBD pathology from the periphery to the spinal cord and then ascending rostrally consistent
with the Braak scheme provide a framework of testable hypotheses. The analyses addressing
this framework are the focus of the next section.

Characterization of Patients with “Idiopathic” RBD
“Idiopathic” RBD – A Potential Early Manifestation of a Neurodegenerative Disease

The retrospective and prospective data as reviewed above convincingly suggests that a
significant proportion of those individuals with iRBD represent an early manifestation of an
evolving neurodegenerative disease (which underscores why some authors qualify the term
“idiopathic” with quotation marks). Many recent studies have used cross-sectional analyses
with iRBD as the central feature and a variety of other clinical, neuropsychological,
electrophysiological, and imaging modalities to test hypotheses, and almost all have supported
the concept that most cases of iRBD likely reflect an evolving neurodegenerative disorder,
which in most instances is LBD. The clinical and ancillary test findings associated with iRBD
published to date are reviewed below.

Clinical Findings in “Idiopathic” REM Sleep Behavior Disorder
Anosmia/Dysosmia—Several studies have found impaired olfactory functioning in patients
with iRBD. Stiasny-Kolster et al. studied 30 patients with clinical (idiopathic, n = 6;
symptomatic, n = 13, mostly associated with narcolepsy) or subclinical (n = 11, associated with
narcolepsy) RBD according to standard criteria and 30 age- and gender-matched healthy
control subjects using ‘Sniffin’ Sticks'.119 RBD patients had a significantly higher olfactory
threshold, lower discrimination score, and lower identification score. Compared with
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normative data, 97% of the iRBD patients had a pathologically increased olfactory threshold,
63% an impaired odor discrimination score, and 63% a decreased identification score. The
authors concluded that iRBD patients with olfactory impairment might represent stage 2
preclinical α-synucleinopathy.119

Fantini et al. studied 54 consecutive PSG-confirmed iRBD patients and 54 age and gender-
matched control subjects with the Brief University of Pennsylvania Smell Identification Test
(B-UPSIT).127 They found 33 (61.1%) RBD patients versus 9 (16.6%) controls showing
abnormal olfactory function (p < 0.0001). Difficulties in recognize paint thinner odorant
showed the highest positive predictive value (0.95) for identifying iRBD. They interpreted
these findings as showing that the olfactory deficit found in most iRBD patients are similar to
that described in PD, and that dysnosmia may be a sign of a widespread neurodegenerative
process. They also felt that its detection may help in identifying subjects at higher risk of
developing an α-synucleinopathy disorder.127

Postuma et al. compared 25 patients with PSG-confirmed RBD without PD with age- and sex-
matched controls.76 Olfaction was assessed using the B-UPSIT. When results were compared
with age- and sex-adjusted normative values, 14 out of 25 patients with iRBD vs only 2 of 25
controls scored below the 25th percentile. The authors concluded that olfactory dysfunction,
like many other potential early markers of Parkinson disease, are significantly abnormal in
iRBD.76

Subtle Parkinsonism—In the same study noted above, the 25 subjects and 25 controls were
assessed by the alternate tap test, Purdue Peg Board, and a timed up and go test measure of
standing and walking. The results showed that many subjects exhibited subtle abnormalities
on quantitative testing of motor and gait speed.76

Mihci et al. analyzed sleep and motor data among several hundred normal control participants
(n=765) aged 70-89 in the Mayo Clinic Study of Aging – a population-based study of aging
and cognition in Olmsted County, Minnesota.34 All participants who had a bedpartner had the
Mayo Sleep Questionnaire (MSQ) completed, with an affirmative response to one question on
RBD (and hence considered probable RBD) being 98% sensitive for definite RBD based on a
PSG-validation analysis (Boeve et al, submitted). The motor subtest of the Unified Parkinson's
Disease Rating Scale (UPDRS) was completed on all subjects, and parkinsonism was
considered present if any subject had a score of 2 or greater in at least two of the core features:
rigidity, bradykinesia, rest tremor, postural instability. Data were analyzed for subjects who
underwent the key assessments and were considered cognitively normal. They found that 71
(9.3%) had parkinsonism alone, 46 (6.0%) had probable RBD alone, 14 (1.8%) had both
parkinsonism and probable RBD, and 632 (82.6%) had neither. Parkinsonism was indeed
significantly associated with probable RBD (p=0.002). The authors concluded that
parkinsonism is associated with probable RBD among cognitively normal subjects in this
population-based study, and longitudinal characterization and eventual neuropathologic
examinations will be needed to determine which clinical phenotypes will evolve and whether
LBD and MSA will be the primary underlying pathologies.34

These findings and perspectives can be viewed conceptually as shown in Figure 7, in which
the hypothesized progression in motor functioning with increasing age and disease severity in
evolving Lewy body disease in the Parkinson's disease-predominant phenotype. The onset of
RBD typically begins years or decades prior to the onset of subtle motor signs – these subtle
signs are also termed “mild parkinsonian signs” and abbreviated as “MPS.”128 MPS may be
asymptomatic and only detectable on clinical examination, or could be minimally symptomatic
and not functionally disabling. Typical features of PD evolves months or years later. Over time,
PD with mild cognitive impairment (PD+MCI) evolves, followed some time thereafter by
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parkinsonism which is progressively less levodopa-responsive despite aggressive dosing, and
a full dementia syndrome (PD with dementia or PDD) becomes manifest.129, 130

Inherent in any schema such as this is the known individual variability, with some patients
with PD living for more than 20 or 30 years with relatively preserved cognitive functioning,
and some patients with PD never exhibiting RBD at all. However, most patients with
“idiopathic” RBD who later develop typical features of PD evolve in the manner that is depicted
in Figure 7.

Other: Additional findings on clinical measures in patients with iRBD include impairment on
color discrimination,76 and higher reports of autonomic dysfunction (urinary dyscontrol,
erectile function, and constipation).76 Depression and personality traits have also been studied,
but no difference has been found between iRBD patients and controls.76. Apathy and anxiety
has also been associated with probably RBD.35 Investigators with the Honolulu-Asia Aging
Study found that subjective hypersomnolence was associated with increased incidence of
subsequent Parkinson's disease.131 Although objective evidence of hypersomnolence was not
found in patients with iRBD,1 this issue may be worthy of further study.

Cognitive and Neuropsychological Features/Findings in “Idiopathic” REM Sleep Behavior
Disorder

Ferini-Strambi et al. evaluated 17 consecutive patients with iRBD and 17 matched controls on
a battery of neuropsychological measures that assessed verbal and spatial memory, visual
selective attention, cognitive set shifting, visuoconstructional abilities, visuospatial learning,
verbal fluency, semantic fluency, and executive functions.132 The exclusion criteria included
abnormalities on neurologic examination and a Mini-Mental State Exam score below 24.
Results showed that the iRBD patients had lower scores on visuocontructional abilities and
visuospatial learning. Because deficits in these domains have been demonstrated in patients
with DLB,17, 81, 83, 133 the authors interpreted their results as possibly reflecting early DLB
in these patients 132.

In a study by Massicotte-Marque et al., 14 patients with iRBD and 14 healthy control subjects
underwent a neuropsychological evaluation.134 Compared to controls, patients with iRBD
showed a lower performance on neuropsychological tests measuring attention, executive
functions and learning, but not on tasks measuring delayed recall or visuospatial functioning.
The authors concluded that the impaired cognitive profile in patients with iRBD is similar to
that observed in early stages of some synucleinopathies.134

Terzaghi et al. compared the neuropsychological functions in 23 iRBD subjects to a group of
healthy controls.135 Considering mean values, poorer performances were observed in the iRBD
subjects on Word Span, Rey–Osterrieth's complex figure recall, Digit Span, and Logic Memory
tests. On the basis of equivalent scores, the iRBD subjects performed significantly more poorly
on tests of visuoconstructional learning abilities. They interpreted their data as showing the
possible presence of cognitive deficits in iRBD sharing common features with Lewy body
disease.135

Mild cognitive impairment (MCI) refers to the transitional state between normal aging and
dementia.136 Most individuals with prominent memory impairment but preserved functioning
in the other non-memory domains (often termed amnestic MCI and abbreviated aMCI)
subsequently develop the typical clinical, neuropsychological, neurimaging, and
neuropathological features of Alzheimer's disease.137 Other degenerative conditions such as
dementia with Lewy bodies, frontotemporal dementia, primary progressive aphasia,
corticobasal syndrome, and posterior cortical atrophy, as well as other etiologic categories of
disease such as depression, cerebrovascular disease, metabolic disorders, etc., likely also
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evolve through an MCI transitional state, but little data has been published to support this view.
The concept of MCI has therefore been further subtyped such that the clinical and
neuropsychological profile of impairment can be extended beyond single domain MCI with
amnesia (ie, amnestic MCI) to also include multiple domain MCI with amnesia, single domain
nonamnestic MCI, and multiple domain nonamnestic MCI.137 This conceptual framework
allows one to test hypotheses, and a few key questions pertaining to RBD and the
synucleinopathies have recently been studied.

Based on the data accumulated thus far in RBD as well as DLB, one could hypothesize that 1)
those individuals with RBD plus MCI likely reflect evolving LBD, and 2) the MCI subtypes
with impairment maximal in the attention/executive and visuospatial functioning domains
would be most likely to reflect evolving LBD. Molano et al. recently analyzed the clinical and
neuropsychological data on all patients who were diagnosed with MCI, prospectively followed,
and eventually underwent neuropathologic examination and had limbic +/- neocortical LBD.
138 Eight subjects were identified, of whom 6 were male. Seven developed DLB prior to death;
1 died characterized as MCI. RBD preceded cognitive symptom onset in 6 cases by a median
of 10 years (range 2-47 years). Each of the MCI subtypes were represented, with 7 of the 8
patients having impairment in the attention/executive functioning and/or visuospatial
functioning domains. These authors concluded that LBD can pass through an MCI transitional
state, with any MCI subtype can potentially evolve into DLB. Furthermore, since all cases with
RBD and MCI eventually were shown to have autopsy-proven LBD, these data suggest that
RBD plus MCI likely reflects brainstem and cerebral LBD.138

Molano et al. also compared the neuropsychological profiles among the same cohort described
above in the analysis by Michi et al., in which normal control participants (n=765) aged 70-89
in the Mayo Clinic Study of Aging were the focus of analysis.36 All participants who had a
bedpartner had the Mayo Sleep Questionnaire completed. The neuropsychological battery
assessed performance in the attention/executive, memory, language, and visuospatial domains.
A domain score was computed and transformed to a z-scale to allow comparisons. The
frequency of probable RBD was 8.0%. Those with probable RBD had significantly lower
median scores (25th-75th percentile scores) for the attention/executive domain. Scores were
also lower in subjects with probable RBD vs. those without RBD across the other domains,
although none reached statistical significance. The authors interpreted these findings consistent
with very mild neuropsychological changes that may reflect evolving Lewy body disease in
most subjects, although clearly longitudinal follow-up will be necessary to substantiate this
hypothesis.36

While at first glance some of these studies appear to show inconsistent results, when one
considers the domains that are most consistently impaired in PD and particularly DLB patients
– attention/executive functions, learning, and visuospatial functioning – with relative
preservation in delayed recall and confrontation naming measures – the data could still be
interpreted as reflecting the pattern of impairment that is often seen in the phenotypes most
commonly associated with synucleinopathy pathology. This pattern of impairment is not
typical of Alzheimer's disease nor many of the tauopathies and TDP-43opathies. Furthermore,
even though patients with PD and mild cognitive impairment or dementia, and those with DLB,
tend to show abnormalities on measures of attention/executive functioning, learning, and
visuospatial/visuoconstructive functioning, there is considerable variability across individuals.
Hence one would expect to see variability across measures in individuals with iRBD. Some
individuals with iRBD surely do not reflect an evolving synucleinopathy, or are so early in the
disorder that only the brainstem and not the cerebrum is significantly affected by
synucleinopathy pathology, neuronal loss, and neurochemical dysfunction. Investigators
seeking to study neuropsychological functioning in iRBD patients should utilize measures
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which assess all cognitive domains, with several focused on attention/concentration, executive
functioning, learning, and visuospatial/visuoconstructive functioning.

This author has also evaluated numerous patients with iRBD who have clear cognitive
complaints, particularly problems with multitasking and anterograde memory processing that
are impacting their ability to perform at their prior baseline at work and keep up with the daily
tasks at home. To a seasoned clinician, these complaints sound neurologically-based, yet in
many of these patients there is no obvious impairment on detailed neuropsychological testing.
Many who have been followed longitudinally subsequently develop more obvious MCI or
frank DLB. One must therefore conclude that many of the standard neuropsychological tests
do not adequately capture the essence of what these patients are experiencing. We need
measures that more adequately reflect their symptoms! This is an obvious area warranting
further research.

Similar to the concept of iRBD evolving into a PD-predominant phenotype as discussed above,
one could hypothesis a similar progression in cognitive functioning with increasing age and
disease severity in evolving LBD in the DLB-predominant phenotype (Figure 8). The onset of
RBD typically begins years or decades prior to the onset of cognitive decline and a diagnosis
of MCI, with subtle and often asymptomatic motor signs (ie, MPS – represented by the area
shaded in light yellow) evolving concurrently or after the onset of cognitive decline. More
obvious features of parkinsonism (represented by the area shaded in dark yellow) evolves no
earlier than 1 year prior to the onset of dementia, thereby fulfilling the “one year rule” for the
diagnosis of DLB.139 Over time, dementia, parkinsonism, and problematic neuropsychiatric
features such as visual hallucinations and delusions tend to progress.

Like in the PD-predominant phenotype, inherent in any schema such as this is the known
individual variability, with some patients with MCI not progressing to dementia even after 10
years, or some with autopsy proven LBD never exhibiting significant parkinsonism, and still
others with DLB never exhibiting RBD at all. However, most patients with iRBD who later
develop typical features of DLB evolve in the manner that is depicted here.

Electroencephalographic Findings in “Idiopathic” REM Sleep Behavior Disorder
Fantini et al. performed quantitative analyses of waking and REM sleep EEG in 15 patients
with idiopathic RBD and in 15 matched controls.140 The exclusion criteria included
abnormalities on neurologic examination and presence of affective disorders or dementia. EEG
slowing was demonstrated in the RBD group, thus suggesting impaired cortical activity during
both wakefulness and REM sleep. The authors interpreted these findings as possibly reflecting
a very early sign of central nervous system dysfunction.140

In a study by Massicotte-Marque et al., 14 patients with iRBD and 14 healthy control subjects
underwent waking EEG recordings.141 Compared to controls, patients with iRBD showed
showed EEG slowing (higher delta and theta power) during wakefulness in all brain areas
compared to controls. The authors concluded that waking EEG slowing in patients with iRBD
is similar to that observed in early stages of some synucleinopathies.141

Neuroimaging Findings in “Idiopathic” REM Sleep Behavior Disorder
Structural Magnetic Resonance Imaging—Culebras and Moore reported on T2 signal
changes on magnetic resonance imaging (MRI) in 6 patients with RBD and suggested vascular
changes in the brainstem could disrupt REM sleep networks and result in RBD.142 However,
the vast majority of patients with RBD in whom MRI has been performed have not corroborated
this finding.12, 17, 22
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Magnetic Resonance Spectroscopy—Miyamoto et al. detected an increase (compared
to reference values from another institution) in the choline/creatine ratio on protein magnetic
resonance spectroscopy (1H-MRS) in the pons of a 69 year old man with idiopathic RBD.143

Since other ratios were normal, the investigators interpreted these findings as demonstrating
functional impairment at the cell membrane level.143

Iranzo et al. performed 1H-MRS in a larger sample of patients with idiopathic RBD (n=15) to
determine if midbrain or pontine tegmentum abnormalities could be detected compared to
matched controls (n=15).144 No significant differences in N-acetylaspartate/creatine, choline/
creatine and myoinosito/creatine ratios were found between patients and controls, which they
interpreted as suggesting that marked mesopontine neuronal loss or 1H-MRS detectable
metabolic disturbances does not occur in idiopathic RBD.144

The discrepant findings between these two studies could be due in part to methodologic issues
(location of regions of interest, reference values for determining abnormal results, etc.).
No 1H-MRS studies with the medulla as the region of interest has been reported as yet in
patients with idiopathic RBD; the Braak staging system of Parkinson's disease suggests that
this region of interest may be worth investigating.120, 121

Single Photon Emission Computed Tomography
IPT-SPECT and IBZM-SPECT: Eisensehr et al. used (N)-(3-iodopropene-2-yl)-2beta-
carbomethoxy-3beta-(4-chlorophenyl) tropane labeled with iodine 123 (IPT)-single photon
emission computed tomography (SPECT), which reflects presynaptic dopaminergic
transporter integrity, and (S)-2hydroxy-3iodo-6-methoxy-([1-ethyl-2-pyrrolidinyl]methyl)
benzamide labeled with iodine 123 (IBZM-SPECT), which reflects postsynaptic dopaminergic
D2 receptor integrity, to investigate dopaminergic parameters in patients with RBD, PD, and
controls145 RBD cases had reduced striatal IPT uptake compared to controls, yet uptake was
more similar (albeit symmetric) to PD cases. Furthermore, there was no significant difference
in postsynaptic dopaminergic D2 receptors between RBD patients and controls. The reduction
in dopaminergic transporters was thought to either be directly involved in RBD pathogenesis,
or that RBD is the initial manifestation of PD.145 In a subsequent study, these investigators
compared muscle activity in REM sleep on PSG and IPT- and IBZM-SPECT in normal controls
(n=11), patients with idiopathic “subclinical” RBD (n=8), patients with idiopathic RBD (n=8),
and patients with early Parkinson's disease (n=8).70 They found that the IPT uptake was highest
in controls, lower for patients with “subclinical” RBD, still lower for patients with clinically
manifest RBD, and lowest in patients with PD. Muscle activity during REM sleep was
independently associated with reduction of striatal dopamine transporters. The IBZM uptake
was not significantly different between the groups. They interpreted their findings as
suggesting that there is a continuum of reduced striatal dopamine transporters involved in the
pathophysiologic mechanisms causing increased muscle activity during REM sleep in patients
with “subclinical” RBD.70

ECD-SPECT: Mazza et al. investigated the regional cerebral perfusion in patients with
idiopathic REM behavior disorder (iRBD) by using (99m)Tc-Ethylene Cysteinate Dimer
(ECD) SPECT on 8 patients with PSG-confirmed RBD and nine age-matched controls.146

They found increased perfusion in the pons and putamen bilaterally and in the right
hippocampus, and decreased perfusion in frontal and temporoparietal cortices. The authors
concluded that perfusional abnormalities in patients with iRBD were located in the brainstem,
striatum, and cortex, and that such findings are consistent with the anatomic metabolic profile
of Parkinson disease.146
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I-123-FP-CIT-SPECT: In a study focused on olfactory function in patients with RBD,
Stiasny-Kolner et al. performed [I-123] N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-
iodophenyl) nortropane (I-123-FP-CIT, also known as Ioflupane and marketed in Europe as
DaTSCAN) SPECT in several of their patients with RBD, and found 3 patients with reduced
nigrostriatal uptake: 1 with newly identified parkinsonism on clinical examination, and 2 with
idiopathic RBD.119 The authors interpreted their findings as suggesting that iRBD patients
with olfactory impairment might represent a preclinical α-synucleinopathy.119

Positron Emission Tomography
DTBZ-PET: Using dihydrotetrabenazine (DTBZ) positron emission tomography (PET),
Albin et al. compared findings in elderly subjects with iRBD to those in similarly aged controls.
147 Striatal binding of DTBZ was reduced in the iRBD subjects compared to controls,
suggesting reduced dopaminergic substantia nigra neuron number. The authors concluded that
this reduction is consistent with the hypothesis that RBD reflects an evolving degenerative
parkinsonian disorder, and suggested that RBD either reflects dysfunction of the PPN
secondary to basal ganglia dysfunction, or primary dysfunction of the PPN or other brainstem
structures that is temporally associated with basal ganglia dysfunction.147

FDG-PET: Caselli et al. sought to determine if healthy adults reporting dream-enactment
behavior (DEB+) have reduced cerebral metabolic rate for glucose (CMRgl) on
fluorodeoxyglucose (FDG) PET in regions preferentially affected in patients with DLB.148

Among 17 cognitively normal patients with DEB+ and 17 control subjects (DEB-), the DEB
+ group was associated with significantly lower CMRgl in several brain regions known to be
preferentially affected in both DLB and Alzheimer disease (parietal, temporal, and posterior
cingulate cortexes) and in several other regions, including the anterior cingulate cortex. The
authors interpreted these findings as supporting further study of DEB as a possible risk factor
for the development of DLB.148

PiB-PET: One of the most important advances in imaging in the aging and dementia field was
the advent of Pittsburgh-compound B (PiB) PET, in which the PiB ligand binds to amyloid
and allows visualization of cerebral amyloid in plaques and vessels in patients with Alzheimer's
disease.149, 150 PiB-PET imaging findings in patients with RBD have not yet been published,
but this imaging modality warrants a few words of caution for researchers in the RBD field.
While some degree of controversy exists on the interpretation on PiB-positive PET scans,
particularly in cognitive normal individuals, the use of PiB-PET imaging in DLB and PDD has
recently begun151 and may have some applicability to imaging subjects with iRBD. On the
one hand, it may seem reasonable to consider PiB-positive scans in those with iRBD as
indicative of evolving Alzheimer's disease pathology, the facts that 1) some cognitively normal
subjects have PiB-positive scans, and 2) most DLB patients have some degree of coexisting
AD pathology and hence would likely have PiB-positive scans, make the use of PiB-PET
imaging less than ideal as a “rule-out AD” biomarker for iRBD research purposes.

Cardiac MIBG Imaging—Recent evidence supports the notion that cardiac sympathetic
involvement is a very early event in the evolution of Lewy body disease in humans, occurring
prior to the deposition of α-synuclein pathology in the central nervous system in many patients.
126 Cardiac (123)I-metaiodobenzylguanidine (MIBG) reflects cardiac sympathetic integrity,
and reduced uptake on MIBG imaging is consistent with the loss of sympathetic terminals in
the heart. Ample data now exists on reduced cardiac MIBG uptake being present in patients
with Lewy body disease regardless if the disorder is exhibited as PD, DLB, PD with dementia,
or pure autonomic failure (PAF).152-154 Several investigators have therefore suggested that
MIBG could be used to identify who has underlying LBD regardless of the other clinical
features being exhibited.
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Further support of this hypothesis has come from cardiac MIBG imaging in patients with
idiopathic RBD, in which uptake is reduced.155-157 In contrast, cardiac MIBG uptake in MSA
– another synucleinopathy often associated with RBD – is typically within normal limits.156,
158 Since the topography of degeneration in MSA is almost exclusively the central nervous
system,159-161 while LBD involves the peripheral autonomic and sensorimotor systems and
multiple networks in the central nervous system, the evidence accumulated thus far suggests
that reduced cardiac MIBG uptake may be one of the most specific biomarkers for underlying
LBD. The sensitivity of cardiac MIBG imaging for LBD is not yet known, and this technique
does have several limitations such as questionable validity in those with other medical disorders
(e.g., diabetes mellitus) that affect cardiac sympathetic integrity, high cost, and limited
availability. Yet additional work with cardiac MIBG imaging in idiopathic RBD, particularly
in countries outside of Japan (all MIBG publications on RBD have emanated from the excellent
work from several centers in Japan), is clearly warranted.

Evolving Concepts, Controversies, and Future Directions in REM Sleep
Behavior Disorder
Does the RBD Diagnosis Require Polysomnography?

The simple answer to this question is “yes.” If a patient is exhibiting recurrent dream enactment
behavior, and the dreams are viewed as unpleasant, and the potential for injury to the patient
or bedpartner is high, PSG with synchronous video monitoring is essential. Given the
implications of a formal PSG-confirmed diagnosis of RBD, and the known tendency for some
patients with moderate to severe obstructive sleep apnea (OSA)5 to have a history of recurrent
dream enactment behavior associated with dreams involving a chasing or attacking theme
(which is essentially identical to that of RBD), a PSG is imperative. This author has evaluated
numerous middle-aged males with concerns about RBD and the future implications thereof,
but rather minimal historical and examination findings to suggest clinically significant OSA,
yet on PSG moderate to severe OSA is found, EMG atonia during REM sleep is normal, and
nasal CPAP subsequently eliminates the unpleasant dreams and recurrent dream enactment
behavior completely. A PSG should be strongly considered in each and every patient with
suspected RBD, and should be performed whenever feasible particularly if the potential for
injury is high.

However, there are many circumstances when PSG confirmation of RBD is not feasible or
possible (see below). Yet there is growing appreciation of the importance of identifying patients
with RBD for clinical and particularly research purposes. PSG confirmation of RBD is
mandatory in the current diagnostic criteria schemes.

When Is a Diagnosis of “Probable RBD” Justified?
In the instances when 1) PSG cannot be performed for whatever reason, 2) is performed and
little or no apparent REM sleep is present, or 3) the EMG tone during REM sleep is equivocally
elevated, this author would suggest the use of the term “probable RBD” for those who otherwise
have a classic history of recurrent dream enactment behavior associated with dreams involving
a chasing or attacking them; the confidence in this diagnosis is heightened further if there are
no historical features (loud disruptive snoring, observed choking/gasping/apnea during sleep)
or anatomic findings (narrow oropharynx, large neck circumference, obesity) to suggest OSA,
nor any features to strongly suspect nocturnal seizures or sleepwalking. The diagnosis of
“probable RBD” could also be justified if questionnaires are shown to be adequately sensitive
and specific for RBD based on PSG validation (see below).
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How Accurate Are Screening Measures for RBD?
PSG is essential to establish the diagnosis of RBD, but the procedure does require appropriate
monitoring equipment, including time synchronized video recordings, specially trained
technologists, bed availability in a sleep laboratory, and clinicians who can interpret the data.
The procedure is costly (>$1000 per study at most centers for a clinical PSG), especially for
patients with limited insurance coverage. Subjects must be willing and able to sleep in a sleep
laboratory and undergo monitoring. Some patients with coexisting neurologic disorders are
too cognitively or physically impaired to tolerate and undergo an adequate study, are too
uncooperative to permit all monitoring equipment to remain in place, have a risk of falls during
the night, or are institutionalized. Since the background EEG is often so abnormal in those with
moderate to severe dementia, determining which epochs represent REM sleep on PSG can be
difficult if not impossible. Some even with only mild cognitive impairment have features of
status dissociatus, in which an experienced sleep clinician cannot determine a sleeping versus
a waking EEG with certainty even when viewing the synchronous video. Some patients have
no REM sleep on a PSG. Due to the limited number of sleep disorders center in many countries,
PSG is not possible even when clearly medically warranted. In some patients, the dream
enactment behavior is so infrequent and mild that a clinical PSG is difficult to justify.
Reimbursement for PSG is not always covered by insurance and federal health care plans.
Especially for research purposes, it could be useful to use a validated measure to screen for
RBD by querying the bedpartners of patients who are cognitively impaired, severely disabled
or deceased. It is also impractical to perform PSGs in large numbers of subjects in
epidemiologic studies of sleep disorders. Therefore, questionnaires that adequately screen for
RBD could be useful for clinical and research purposes.

Mayo Sleep Questionnaire—Our group developed the Mayo Sleep Questionnaire (MSQ),
which is a 16-item measure that poses questions about RBD, periodic limb movements during
sleep, restless legs syndrome, sleepwalking, obstructive sleep apnea, and sleep-related leg
cramps. There were two versions initially developed – one completed by the patient and one
completed by his/her bedpartner/informant. Our early pilot data using the MSQ through
2002,162, 163 in which responses on the MSQ were compared with the findings on PSG,
indicated that the sensitivity and specificity were higher for the bedpartner/informant version
compared to the patient version, regardless of whether the patient was cognitively impaired or
not. Since 2002, we have therefore only used the bedpartner/informant version of the MSQ.
The measure is available for anyone to use. Our updated validation data in two groups of
subjects who have had the MSQ completed by their bedpartner and undergone PSG – an aging
and dementia cohort (n=159) and a population-based cohort of community-dwelling elderly
subjects (n=70) has identified an affirmative response to one question was ≥98% sensitive and
≥69% specific for PSG-confirmed RBD; specificity increased depending on the responses to
additional questions on RBD particularly if there was no history to suggest OSA (Boeve et al,
submitted).

Semistructured Questionnaire Based on ICSD-R Diagnostic Criteria for RBD—
The Bologna, Genova, Parma and Pisa Universities group for the study of REM Sleep Behavior
Disorder (RBD) in Parkinson's Disease used a questionnaire-based method to study RBD in
PD patients.73 Six trained neurologists used a semistructured questionnaire based on ICSD-R
diagnostic criteria for RBD to evaluate 200 PD patients and their caregivers. RBD was defined
according to clinical ICSD-R minimal diagnostic criteria [1]: Limb or body movements
associated with dream mentation (criterion B) in the presence of at least one of the following:
harmful or potentially harmful sleep behaviors (criterion C1); dreams appear to be “acted
out” (criterion C2); sleep behaviors disrupt sleep continuity (criterion C3). They found that
34% of their PD patients had a history suggestive of RBD.73
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REM Sleep Behavior Disorder Screening Questionnaire—Stiasny-Kolster et al.
developed the REM Sleep Behavior Disorder Screening Questionnaire (RBDSQ), which is a
10-item patient self-rating questionnaire (maximum total score of 13 points) covering the
clinical features of RBD.164 They studied 54 patients with PSG-confirmed RBD, 160 control
subjects in whom RBD was excluded by history and PSG, and 133 unselected healthy subjects
who did not undergo PSG. The found that the mean RBDSQ score in the RBD group was 9.5
points compared with 4.6 points in control group, and using an RBDSQ score of five points as
a positive test result, the results yielded a sensitivity of 96% and a specificity of 56%.164

The high sensitivity and ease of use for the MSQ and RBDSQ questionnaires make either
measure appealing as a screening tool for RBD, with the MSQ likely more appropriate for use
in those with cognitive impairment/dementia since the responses are provided by bedpartners.
In those who screen positive using either measure but are unable or unwilling to undergo PSG,
or who have little or no apparent REM sleep during a PSG, then a diagnosis of “probable RBD”
would be justified.

Does REM Sleep Without Atonia Represent Subclinical RBD?
There is debate as to the terminology and clinical significance of increased EMG tone during
REM sleep (i.e., REM sleep without atonia or RSWA) in patients who have never exhibited
dream enactment behavior. Such patients have been classified as having “preclinical” or
“subclinical” RBD. While (at least in our experience) some patients with RSWA subsequently
develop clinical RBD, and a few of these patients have subsequently developed PD or DLB,
not all patients with RSWA have developed clinical RBD. There is no prospective systematic
study of patients with RSWA that has been carried out to clarify this issue. Thus, RSWA
appears to be the more appropriate terminology rather than preclinical or subclinical RBD
based on the available data, and future research can involve patients with RSWA and follow
them longitudinally to determine outcome and predictors of outcome.

What Are the Optimum Criteria for Assessing EMG Tone During REM Sleep on PSG?
Most individuals who undergo PSG have unequivocal findings in REM sleep, with either
essentially complete EMG atonia during REM sleep (as shown in Figure 3A) or clearly
increased EMG tone during REM sleep (as shown in Figure 3B) +/- obvious vocalizations and
motor activity such as limb flailing or punching. When sleep clinicians view the PSG, it is
rather straight-forward and comments such as “clearly normal EMG atonia” or “clearly
increased EMG tone” (also with comments on the observed abnormal behaviors) are made in
the results or interpretation of the PSG. Yet some have equivocal findings, with occasional
periods of increased EMG tone during tonic and (more often) phasic REM sleep while normal
EMG atonia exists over most of the REM sleep epochs. These findings pose challenges for the
clinician interpreting the PSG, particularly if one of the indications for PSG was “rule in” or
“rule out” RBD; the “rule out” determination is made even more difficult when no apparent
dream enactment behavior occurred on the synchronous video during the periods of increased
EMG tone.

Frauscher et al framed the current state of affairs in assessing EMG tone during REM sleep
very well:165

“The International Classification of Sleep Disorders-2 defined REM sleep without
atonia as the ‘electromyographic (EMG) finding of excessive amounts of sustained
or intermittent elevation of submental EMG tone or excessive phasic submental or
(upper or lower) limb EMG twitching.’ This definition has several limitations. First,
a precise definition of ‘excessive amounts of tonic and phasic EMG activity’ was not
provided, since normal values of these measures are unknown. Second, it is not stated
how the tonic and phasic EMG activity have to be measured. Third, it is unclear which
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muscle or combination of muscles of the body (either axial or extremity muscles,
lower or upper extremity muscles, or proximal or distal extremity muscles) provides
the highest rates of abnormal REM sleep EMG activity in RBD.”

These concerns have led several groups to study this issue further, and some have developed
scoring systems to not only qualify the EMG tone as normal or abnormal, but also to quantify
the degree to which EMG tone is abnormal.165-169 There are pros and cons with each of the
proposed systems, with the main drawback of manual systems being the time and effort
required to assess the mini-epochs of REM sleep. The automated systems are more appealing
for obvious reasons; whether any become standard practice – even among academic centers
interested in this issue – remains to be seen.

Do All Patients With iRBD Represent an Early Neurodegenerative Disease?
The answer to this question is certainly “no.” There are many other medical conditions which
have been associated with RBD and some of these may be etiologically related. Certain
medications, particularly some of the selective serotonin reuptake inhibitors (SSRIs) and
selective noradrenergic reuptake inhibitors (SNRIs) appear to increase EMG tone during REM
sleep +/- precipitate or aggravate RBD.47, 48 While it may seem reasonable to presume that
anyone with RBD who has no other known medical condition associated with RBD and does
not take SSRIs or SNRIs are most likely to represent those who have an underlying evolving
neurodegenerative disorder, this is purely speculative at this point. It is also important to again
note that a 10-20 year history of RBD has been associated with otherwise asymptomatic LBD,
115, 116 so even in the setting of RBD representing a manifestation of an early
neurodegenerative disorder, not all such patients will experience changes in motor or cognitive
functioning during their lifetime.

The RBD-SSRI/SNRI association raises other questions – why do some individuals using a
medication in either of these classes appear to develop RBD features, while millions of
individuals take one of these medications and do not develop RBD features? Are some of the
SSRI and SNRI medications actually “unmasking” RBD that would have evolved months or
years later had they not used these medications? This issue is worthy of further study.

How Should Clinicians Discuss the RBD-Neurodegenerative Disease Association with iRBD
Patients?

Some experts believe there is insufficient evidence to conclude that most individuals with iRBD
represent an evolving neurodegenerative disorder, and even among those that are exhibiting
RBD due to underlying Lewy body disease, not all such patients subsequently exhibit
parkinsonism or dementia despite 10-20 years of RBD features.115, 116 Thus, the feeling is that
discussing iRBD as a possible risk factor for a neurodegenerative disorder, particularly in an
era when no therapy exists, is not appropriate and no discussion is warranted as only undue
anxiety would result.

Other experts feel that there is sufficient evidence to warrant discussion with iRBD patients
(+/- their spouses) about the RBD-neurodegenerative disease association, with the timing of
such a discussion dependent on the circumstances of the situation – if the patient resides nearby
the center where the diagnosis was made and longitudinal follow-up is planned, then this
discussion can occur at some point along the course of follow-up. This author views the RBD-
neurodegenerative disease association similar to an autosomal dominant mutation with
incomplete penetrance, with the big unknowns being if and when any other signs of a
neurodegenerative disorder could become manifest.

Clinicians should also be mindful of the internet savvy nature of most of the public, whereby
newly-diagnosed patients with iRBD very likely search on “RBD” or “REM behavior disorder”
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or “REM sleep behavior disorder” and may be acutely anxious about the information on various
websites concerning increased future risk of PD or dementia, and may also be angry with their
physician for not sharing this information with them at the time of diagnosis. Plus, many highly
educated middle-aged males read about this association and attempt to contact experts in the
RBD field, which is certainly understandable as they are seeking medication and non-
medication approaches to stave off parkinsonism and dementia.

This author tends to discuss this issue briefly at the time of diagnosis, and in more detail over
subsequent visits, again depending on the circumstances with each individual patient. It may
be prudent for sleep medicine clinicians, neurologists, and psychiatrists to consult with their
medical genetics colleagues for further advice on discussing this important issue with patients.

What is the Specificity of RBD for the Synucleinopathies?
Whenever a hypothesis is proposed, it warrants scientific scrutiny from several groups of
investigators to test the hypothesis and ultimately support it, refute it, or refine/qualify it. This
has appropriately occurred in the RBD field, particularly testing the hypothesis that RBD
associated with neurodegenerative disease usually reflects an underlying synucleinopathy.82

The roots of this hypothesis were based on the wealth of clinical and clinicopathologic studies
available as of 2001, and continued observation of how frequently RBD has been associated
with PD, DLB, and MSA particularly and the more rare association of RBD with AD, PSP,
SCA-3, Guadalupian parkinsonism, and Huntington's disease. RBD has not been reported in
association with several other neurodegenerative disorders. Most of the studies published since
the original hypothesis have involved clinically- +/- genetically-diagnosed patients, and the
gold standard for almost any study in neurodegenerative disease research requires gross and
microscopic analyses of tissue, with the latter analyses being done using appropriate routine
and immunocytochemical staining techniques. This latter point has been emphasized in the
setting of parkinsonism associated mutations in the leucine-rich repeat kinase 2 (LRRK2) gene,
in which pleomorphic pathology has been found: Lewy body Parkinson's disease, diffuse Lewy
body disease, nigral degeneration without distinctive histopathology, and PSP-like pathology.
170 In other words, analyses involving patients with RBD during life are clearly important, but
neuropathologic examination is crucial to assessing the RBD-proteinopathy and RBD-
pathophysiology mechanisms.

While our own ongoing clinicopathologic experience as reviewed above has shown an
overwhelming tendency for RBD to be associated with the disorders collectively termed the
synucleinopathies, our own data has also revealed one case of PSP and one case of AD with
RBD. Thus, RBD is not 100% specific for the synucleinopathies, nor did we ever expect it to
be, given the known variability in humans. Yet the tendency for RBD to occur frequently in
the synucleinopathies and infrequently in the non-synucleinopathies suggests that the selective
vulnerability of key brainstem networks involved in RBD pathophysiology in the
synucleinopathies is relatively consistent, and these same brainstem networks tend not to be
similarly affected in the non-synucleinopathies. Furthermore, when RBD precedes the onset
of parkinsonism and/or cognitive impairment by several years, the literature would suggest
that such cases are much more likely to represent an evolving synucleinopathy, whereas RBD
evolving concurrently with or after the onset of parkinsonism and/or cognitive impairment has
occurred more frequently in the non-synucleinopathy disorders. Plus, some of these non-
synucleinopathy cases appeared to have been diagnosed more on the basis of the PSG, with a
rather minimal history of dream enactment behavior. Hence, not only the presence of RBD
may be important to the specificity of RBD to which neurodegenerative disease process is at
play, but the timing of RBD onset as well as frequency and severity of dream enactment
behavior appear to have relevance. These issues should be studied with more rigor.
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What are the Implications of the Evolution of RBD and Other Clinical Features in the PD- and
DLB-Predominant Phenotypes on the Topography of Degeneration in LBD?

A clinical feature or sign in neurodegenerative disease reflects sufficient neuronal/glial/
neurotransmitter dysfunction in a critical neuronal network. While some of these features or
signs have known or suspected networks of dysfunction, the underlying substrate for other
features or signs is less clear. Parkinsonism most likely is associated with dopaminergic
depletion due to sufficient degeneration in the nigrostriatal system, and cognitive impairment
is likely associated, at least in part, with cholinergic depletion due to basal forebrain/limbic
system/neocortex degeneration. It is highly likely that RBD reflects sufficient degeneration in
brainstem networks as described above. The underlying pathobiology of visual hallucinations
in DLB and PDD, and fluctuations in cognition/arousal in DLB, is not well understood, but
these tend to be features that evolve well after the onset of cognitive impairment and
parkinsonism in DLB and PDD.80, 171

Along this same line of reasoning, the evolution of clinical features must reflect the topography
of degeneration over time. Many patients with DLB tend to experience RBD prior to cognitive
impairment, with subsequent development of parkinsonism. This evolution suggests that
dysfunction in the pontomedullary circuitry precedes dysfunction in the basal forebrain, limbic
system and neocortical circuitry as well dysfunction in the nigrostratial circuitry. One could
argue, as others recently have,172 that this evolution of features and presumed pathophysiologic
basis does not support the Braak staging scheme of PD, yet it may provide some clues into
LBD pathoanatomy of the DLB phenotype.

There are several aspects to consider. The Braak staging system was indeed proposed for LBD
as it relates to the phenotype and evolution of signs in PD and not DLB 120, 121. Many
investigators have viewed this staging system to be quite consistent with the usual evolution
of features in PD, where RBD and anosmia occur prior to parkinsonism with subsequent
development of dementia, visual hallucinations and delusions. In other words, a “bottom-to-
top” or ascending progression of Lewy neurites, Lewy bodies, and neuronal degeneration as
proposed in Stages 1-6 of the Braak scheme explains the evolution of features in typical PD
quite well 120, 121. A similar evolution of degenerative changes may occur in both PD and
DLB, and the timing of clinical features may reflect when the critical thresholds of neuronal
network degeneration are reached. Neurons with Lewy bodies and/or Lewy neurites may reflect
diseased/dysfunctional neurons, but clinical manifestations do not evolve until a sufficient
threshold of degeneration has occurred. For example, if an 80% depletion of dopaminergic
neurons is needed to manifest parkinsonism, and a 50% depletion of cholinergic neurons is
needed to manifest cognitive impairment, it would be reasonable to suggest a “bottom-to-top”
progression of LBD pathology could still explain the onset of cognitive symptoms prior to
parkinsonism if both systems are affected gradually over years but the thresholds for the
expression of clinical deficits are different such that cognitive impairment becomes evident
prior to parkinsonism. In other words, the evolution of features in the DLB phenotype does
not necessarily refute the Braak staging system for LBD progression.

Another explanation is that, at least in some cases, a “top-to-bottom” or descending progression
of degenerative changes from the neocortex/limbic system to the nigrostriatal system may
better explain the onset of cognitive impairment prior to parkinsonism in many DLB cases. Or
a more patchy and discontinuous evolution of progression could evolve. Most cases of evolving
AD develop amnestic MCI with subsequent develop of language, attention/executive, and
visuospatial dysfunction tend to follow the Braak stages of neurofibrillary tangle deposition,
but there are certainly cases of atypical AD (which tend to have “hippocampal sparing AD”
pathology) which have presented as focal cortical syndromes such as progressive aphasia,173

corticobasal syndrome,174 or posterior cortical atrophy175 with relative preservation of
memory who clearly did not have neurofibrillary tangle deposition evolve in the typical manner
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of AD. Therefore, there will always be exceptions to any model of neurodegenerative disease
progression, and surely LBD will evolve in more than one manner.

Yet if the majority of cases in any disease evolves in a relatively consistent fashion, this suggests
common dysfunctional mechanisms of system biology. RBD may present years or decades
prior to the onset of cognitive impairment in patients diagnosed with DLB or PD. This finding
supports the bottom-to-top progression with variations in the relative degree of degeneration
in critical structures. One therefore could predict that in DLB and PDD, visual hallucinations
and fluctuations would be caused by sufficient degeneration and/or neurochemical dysfunction
in the diencephalon and telencephalon, or at least a diffuse topography of degeneration/
dysfunction. More work in understanding the hallucinatory and fluctuating phenomenology as
well as sleep-wake mechanisms is necessary before the underlying substrates of visual
hallucinations and fluctuations are known.

How Should Clinicopathologic Studies Be Performed in Patients With RBD?
It is imperative to plan for autopsy in any willing individual with iRBD as well as those with
RBD associated with any neurodegenerative disease. Ideally, performing detailed histologic
examinations in those who had PSG-proven RBD and those who had no history of RBD-like
behavior and had PSG confirming normal EMG atonia during REM sleep, will be most
informative.

There are many challenges to studying tissue to determine which are the key populations of
neurons +/- glia that are critical to RBD pathophysiology. Whether the brainstem networks
involve the nuclei proposed in the RBD pathophysiology scheme as shown in Figures 2 and
3, or others in combination with these nuclei, or other nuclei completely different than those
proposed, needs to be examined. Stereologic studies which involve neuronal count
quantification, while certainly very laborious, are likely to be informative. Yet some of the
brainstem nuclei have unclear borders, or they span a convoluted area of tissue which
complicates the technical aspects of quantifying multiple nuclei.

Implications of “Idiopathic” RBD for Future Drug Trials in the Synucleinopathies
As noted above, RBD tends to precede the onset of parkinsonism or dementia in patients with
MSA, PD, and DLB by years or decades.1, 17, 22, 63, 65, 81, 82, 84, 91, 92, 109, 114, 176, 177 Almost
40% of patients with iRBD in one series were subsequently found to have developed a
parkinsonian disorder,114 and continued follow-up of this cohort has shown approximately
65% have now developed parkinsonism and/or cognitive impairment.29 RBD preceded
dementia and/or parkinsonism in 67% of another series,84 and preceded the onset of cognitive
impairment in autopsy-proven LBD by a median of 10 years.138 The prospectively-followed
cohorts by Iranzo et al. and Postuma et al. are particularly important.26, 80 Therefore, iRBD
may represent the harbinger of an evolving neurodegenerative disorder, which in most cases
may be a synucleinopathy.1, 3, 24, 26, 76, 80, 84, 110, 117-119

Thus, if iRBD represents the earliest clinical manifestation of an evolving neurodegenerative
disorder, the presence of RBD may be particularly relevant early in the course of a
neurodegenerative disease when intervention may be most critical. Agents that may positively
affect synucleinopathy pathophysiology could be instituted in patients with appropriately-
identified iRBD and potentially delay or prevent the development of cognitive impairment or
parkinsonism (see Figure 9 and accompanying legend). This is an exciting avenue for future
drug therapy, but considerable work is still necessary to identify patients with iRBD, develop
biomarkers and predictors of those with an underlying synucleinopathy, and study the natural
history of patients with iRBD so that eventual clinical trials can be powered to the estimated
effect sizes of therapies.
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A Proposed Decision Tree—A proposed decision tree for assessing patients with iRBD
could be formulated somewhat like what is presented in Figure 10. One would first seek to
determine in individual patients who is manifesting features of an early neurodegenerative
disorder and who is not (step 1). Perhaps many of the clinical features and ancillary test findings
discussed in this review, and hopefully many others yet to be identified or developed, will
function as accurate biomarkers. Next, if the biomarkers are sufficiently specific to pinpoint
the underlying proteinopathy (ie, synucleinopathy vs non-synucleinopathy), then such
biomarkers will function in steps 1 and 2; if not, new biomarkers with adequate sensitivity and
specificity for proteinopathies and particularly synucleinopathies will need to be developed.
Finally, it remains to be seen if agents that ultimately affect synucleinopathy pathophysiology
will be safe and efficacious in all of the synucleinopathies regardless of whether the pathologic
process is LBD or MSA, or the phenotype is PD-predominant, DLB-predominant, MSA-
predominant, or PAF-predominant.

Biomarkers—The term “biomarker” is used very loosely in this context, and is meant to
represent any clinical feature or finding, and any finding on a diagnostic test, which may
indicate a particular disorder or disease state. A list of potential biomarkers which have been
or could be studied in patients with iRBD is shown in Figure 11 [note that this author
emphasizes the work by the many esteemed members of the International RBD Study Group
(Chair: Prof. Dr. med. Wolfgang Oertel) who have used/studied many of these biomarkers, or
are suggesting to use/study these biomarkers, deserve the credit for moving the RBD field
forward on biomarker research]. This is clearly a partial list of potential biomarkers which will
surely be expanded upon over the years to come.

Based on the published data for certain biomarkers in specific phenotypes/disorders, as well
as the suspected findings despite no data published as yet, one could propose a profile of
abnormalities on various biomarkers in patients with iRBD resulting from an underlying
synucleinopathy (Figure 12). The phenotypes/diseases include incidental Lewy body disease
(iLBD), which is the term applied to those individuals who have no obvious neurologic
impairment but have LBD found at autopsy, PD, DLB, MSA, and PAF. One would predict a
different pattern of normal (Nl) and abnormal (Abnl) findings based on the biomarkers being
performed. Some results are more difficult to predict, such as whether any abnormalities on
smell testing, autonomic testing, and DaTSCAN would occur in iLBD. Also, some abnormal
findings may be particularly suggestive of specific phenotypes/disorders, such as the
neuropsychological profile of impairment in DLB.

A different profile of abnormalities on various biomarkers in patients with iRBD resulting from
an underlying non-synucleinopathy degenerative disorder could also be predicted, as shown
in Figure 13). The biomarkers that would be more normal than not include smell testing (despite
the literature on olfaction being impaired early in AD, it now appears many of these patients
have co-existing LBD,178, 179 and the findings on neuropsychological testing, MRI, MRS, and
FDG-PET are distinctly different – at least from DLB and PDD. As described above, cardiac
MIBG is typically normal in disorders outside of the PD-PDD-DLB-PAF spectrum. Findings
on DaTSCAN tend to be normal in AD, but it remains to be seen if findings are typically
abnormal in PSP and CBD as few such cases with DaTSCAN performed antemortem have
undergone autopsy.

The challenges—The challenge for basic scientists is to develop therapies that impact the
cascade of events involved in synucleinopathy and other neurodegenerative disorder
pathophysiologies. The challenge for clinical investigators at present is to study adequate
numbers of patients with “idiopathic” RBD longitudinally with a spectrum of clinical tests and
potential biomarkers to assess the natural history of the current state of no truly disease-altering
therapies, and prepare for future clinical trials. The hurdles are even more challenging when
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one considers that the funding cycles for most federal and private funding institutions run over
5 year periods, and the unique work of Postuma et al. suggests that 50% of those with iRBD
develop parkinsonism and/or dementia in 12 years. This is a core “nature of the beast” in this
line of research – LBD appears to evolve slowly over several decades in many individuals, but
this cannot thwart our attempts to plan for disease-altering therapies. Yet it is extremely
important to realize for therapeutic advances – a minor effect on pathophysiology early in the
disease course in a process that evolves over decades could potentially delay or alter the clinical
manifestations by many years such that morbidity or mortality could occur outside of the
neurodegenerative realm. Securing funding to plan for future therapeutic trials will require
ingenuity by investigators, a large investment in infrastructure and biomarker technologies,
and frank optimism on the part of funding agencies, but surely most would agree that the
literature amply suggests that the scientific basis for this line of future research is sound.

The optimism—It is difficult to envision the heightened optimism even a decade ago in the
potential of impacting a neurodegenerative process early in its course. Idiopathic RBD is one
of the more intriguing clinical curiosities in medicine, and certainly in sleep medicine and
neurology. Idiopathic RBD likely represents a window of opportunity for impacting
neurodegenerative disease like few other disorders, particularly among the apparent sporadic
cases. The scientific community should educate the public on the importance of early diagnosis
and treatment of RBD (being ever mindful of the anxiety over what the disorder may represent),
and follow iRBD longitudinally with a battery of clinical assessments and potential biomarkers,
while we await agents that impact neurodegenerative disease pathophysiology.
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Figure 1.
Thirty-second epoch polysomnograms showing normal REM sleep (A) and REM sleep without
atonia—the electrophysiologic substrate for RBD (B). In A, note the absence of
electromyographic (EMG) activity in the submental (Chin 1-Chin 2), and limb (Leg EMG)
derivations, whereas increased EMG tone is present in the submental (Chin 1-Chin 3), upper
limb (Left Arm-Right Arm), and lower limb (Left Leg-Right Leg) derivations in B (denoted
by red arrows).
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Figure 2. Proposed nuclei involved in REM sleep control as shown on human brainstem templates
Letters represent cross-sectional views through the brainstem, with A corresponding to the
pontomesencephalic junction, B to the upper/mid pons, C to lower/mid pons, and D just rostral
to the pontomedullary junction. The REM-off region is represented by the vlPAG and LPT in
red, and the REM-on region is represented by the PC and SLD in green. eVLPO= extended
part of the ventrolateral preoptic nucleus, LC=locus coeruleus, LDTN=laterodorsal tegmental
nucleus, LPT=lateral pontine tegmentum, PC=pre-coeruleus, PPN=pedunculopontine nucleus,
REM=rapid eye movement, RN=raphe nucleus, SLD=sublaterodorsal nucleus,
vlPAG=ventrolateral part of the periaqueductal grey matter. See text for details. From Boeve
et al, Brain 2007;130:2770-2788. Reprinted with permission from Oxford University Press.
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Figure 3. Proposed pathophysiology of REM sleep behavior disorder in humans
Excitatory projections represented by ⊕, inhibitory projections represented by ⊖, with the size
of these symbols representing the relative effect of each projection on the synapsing nuclei.
Nuclei are represented by circles or ovals, with solid colored circles and ovals reflecting those
with normal populations of neurons, and speckled circles and ovals reflecting those with
significantly reduced populations of neurons. An X reflects ablation of a nucleus. The relative
tonic influences of each projection are represented by line thickness, with thicker lines
depicting stronger influences, thinner lines depicting weaker influences, and dashed and dotted
lines depicting weak influences due to damage to neurons in the respective nuclei. The REM-
off region is represented by the vlPAG and LPT in red, and the REM-on region is represented
by the PC and SLD in green. The SLD (or analogous nucleus in humans) projects to spinal
interneurons (“direct route,” denoted by the dotted line from SLD to spinal interneurons) and
likely represents the final common pathway that causes active inhibition of skeletal muscle
activity in REM sleep. The “indirect route,” denoted by the dashed line from SLD to the MCRF
to the spinal interneurons, may also contribute to EMG atonia. However, in humans, it is not
yet known whether lesions in structures which project to and from the MCRF, and lesioning
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the MCRF itself, are critical in affecting EMG atonia during REM sleep.
EMG=electromyographic, eVLPO= extended part of the ventrolateral preoptic nucleus,
LC=locus coeruleus, LDTN=laterodorsal tegmental nucleus, LPT=lateral pontine tegmentum,
MCRF=magnocellular reticular formation, PC=pre-coeruleus, PPN=pedunculopontine
nucleus, REM=rapid eye movement, RN=raphe nucleus, SLD=sublaterodorsal nucleus,
vlPAG=ventrolateral part of the periaqueductal grey matter. See text for details. From Boeve
et al, Brain 2007;130:2770-2788. Reprinted with permission from Oxford University Press.
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Figure 4.
The clinical syndromes and histopathologic disorders associated with each proteinopathy in
the major neurodegenerative disorders which cause dementia and/or parkinsonism. Those
syndromes and disorders which are commonly associated with REM sleep behavior disorder
(RBD) are shown in red, and those which have been rarely associated with RBD are shown in
blue. Those syndromes and disorders associated with RBD in which at least 1 pathologically-
verified case has been identified are in italics. Those in black print have not been reported in
association with RBD.
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Figure 5.
Schematic of brainstem nuclei and connections pertinent to REM sleep, movement, and
cognition. As per the Braak staging scheme, the temporal sequence of α-synuclein pathology
begins mainly in the medulla and then ascends to the cortex (6 stages). In stage 1 (not shown),
the dorsal IX/X motor nucleus, intermediate reticular zone, and olfactory bulb is affected, with
presumably coexisting degenerative changes in these structures. In stage 2, there is progression
in the structures involved in stage 1, plus the caudal raphe nuclei, MCRF, Peri-LC structures,
and possibly SLD. RBD may evolve when sufficient degenerative changes have occurred in
the SLD, peri-LC structures, and MCRF (denoted by red Xs within nuclei). In stage 3, there
is progression in the structures involved in stage 2, plus the PPN, SN, and NBM (denoted by
red Xs within nuclei). When sufficient degeneration occurs in the SN, then parkinsonism
becomes manifest. When sufficient degeneration occurs in the NBM, then cognitive changes
may become manifest. Additional α-synuclein pathology and neurodegeneration evolves in
limbic and neocortical structures over stages 4-6 (not shown). This temporal sequence of
pathology could explain why RBD precedes parkinsonism and dementia in many patients with
Lewy body pathology.
Abbreviations: AHC=anterior horn cell, LC=locus coeruleus, LDTN=laterodorsal tegmental
nucleus, LPT=lateral pontine tegmentum, MCRF=magnocellular reticular formation,
NBM=nucleus basalis of Meynert, PC=pre-coeruleus, PPN=pedunculopontine nucleus,
SLD=sublaterodorsal nucleus, SN=substantia nigra, vlPAG=ventrolateral part of the
periaqueductal grey matter
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Figure 6.
Schematic representation of the brain, spinal cord, and key peripheral and autonomic structures
which can be affected by Lewy body disease pathology, and the clinical features associated
with dysfunction of each structure. The structures (abbreviations) and likely associated clinical
features are as follows: olfactory bulb (OB)=anosmia, tuberomamillary nucleus (TMN)
=altered arousal/sleep, lateral hypothalamus (LHT)=hypersomnia, nucleus basalis of Meynert
(NBM)=cognitive impairment, hippocampal formation (HF)=cognitive impairment, neocortex
(N)=cognitive impairment, substantia nigra (SN)=parkinsonism, pedunculopontine nucleus
(PPN)=altered arousal/attention, raphe nucleus (RN)=depression, locus ceruleus (LC)
=depression, sublaterodorsal nucleus (SLD)=? RBD, magnocellular reticular formation
(MCRF)=? RBD, intermediolateral cell column (ILDN)=orthostatism, sympathetic
innervation of the heart (H)=cardiac dysfunction, enteric innervation of the intenstines (I)
=constipation, and autonomic innervation of the sex organs (SO)=impotence
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Figure 7.
Schematic representation of the hypothesized progression in motor functioning with increasing
age and disease severity in evolving Lewy body disease in the Parkinson's disease-predominant
phenotype. The onset of RBD typically begins years or decades prior to the onset of subtle
motor signs (mild parkinsonian signs or MPS); such motor signs may be asymptomatic and
only detectable on clinical examination. Typical features of Parkinson's disease (PD) evolves
months or years later. Over time, PD with mild cognitive impairment (PD+MCI) evolves,
followed some time thereafter by parkinsonism which is less levodopa-responsive, and a full
dementia syndrome (PD with dementia or PDD) becomes manifest.
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Figure 8.
Schematic representation of the hypothesized progression in cognitive functioning with
increasing age and disease severity in evolving Lewy body disease in the dementia with Lewy
bodies (DLB)-predominant phenotype. The onset of RBD typically begins years or decades
prior to the onset of cognitive decline and a diagnosis of mild cognitive impairment (MCI),
with subtle and often asymptomatic motor signs (mild parkinsonian signs or MPS – represented
by the area shaded in light yellow) evolving concurrently or after the onset of cognitive decline.
More obvious features of parkinsonism (represented by the area shaded in dark yellow) evolves
no earlier than 1 year prior to the onset of dementia to warrant the DLB diagnosis. Over time,
dementia, parkinsonism, and problematic neuropsychiatric features such as visual
hallucinations and delusions tend to progress.
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Figure 9.
Schematic representation of the hypothesized progression in functioning with increasing age
and disease severity in evolving Lewy body disease (LBD) in the Parkinson's disease (PD)-
and dementia with Lewy bodies (DLB)-predominant phenotypes, and the potential effect of
therapy. The onset of REM sleep behavior disorder (RBD) typically begins many years prior
to the onset of cognitive decline and a diagnosis of mild cognitive impairment (MCI), and/or
many years prior to the onset of motor decline and detectable mild parkinsonian signs (MPS).
Progression typically continues over subsequent years to either PD or DLB, and ultimately on
to death. This evolution of progression in the current era of primarily symptomatic treatments,
with no agent convincingly showing altered progression in the underlying disease process of
LBD, is depicted by the red line marked “a”.
One could envision at least four potential effects of a synucleinopathy-active therapy (labeled
“Tx” and instituted along the time course as shown by the orange arrow) in patients with
appropriately identified “idiopathic” RBD. The agent could slow down the rate of progression
(as shown by the green line marked “b”), or delay the onset of cognitive and/or motor decline
(as shown by the green line marked “c”), or prevent progression to cognitive and motor decline
altogether (as shown by the green line marked “d”). Or, perhaps a synucleinopathy-active
therapy could delay the onset of symptoms and slow down the rate of progression (as shown
by the green line marked “e”).

Boeve Page 45

Ann N Y Acad Sci. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 10.
Proposed decision tree for assessing patients with “idiopathic” RBD for research and ultimately
treatment purposes. Presuming that one of the ultimate goals of identifying patients with
apparently “idiopathic” RBD is to commence one or more therapies which could delay the
onset of cognitive impairment and/or parkinsonism, slow down the course, or halt progression
of an underlying neurodegenerative disorder altogether, one would first seek to determine in
individual patients who is manifesting features of an early neurodegenerative disorder and who
is not (step 1). Perhaps many of the clinical features and ancillary test findings covered in this
review, and hopefully many others yet to be developed, will function as accurate biomarkers.
Next, if the biomarkers are sufficiently specific to pinpoint the underlying proteinopathy (ie,
synucleinopathy vs non-synucleinopathy), then such biomarkers will function in steps 1 and
2; if not, new biomarkers with adequate sensitivity and specificity for proteinopathies and
particularly synucleinopathies will need to be developed. Finally, it remains to be seen if agents
that ultimately affect synucleinopathy pathophysiology will be safe and efficacious in all of
the synucleinopathies regardless of whether the pathologic process is LBD or MSA, or the
phenotype is PD-predominant, DLB-predominant, MSA-predominant, or PAF-predominant.
Incidental LBD (iLBD) will be impossible to predict without pathology. The challenge for
investigators at present is to study adequate numbers of patients with “idiopathic” RBD with
a spectrum of clinical tests and potential biomarkers longitudinally to assess the natural history
and prepare for future clinical trials.
Abbreviations: DLB=dementia with Lewy bodies, MSA=multiple system atrophy PAF=pure
autonomic failure, PD=Parkinson's disease, RBD=REM sleep behavior disorder
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Figure 11.
List of potential biomarkers to study in patients with idiopathic RBD.

Boeve Page 47

Ann N Y Acad Sci. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 12.
Hypothesized profile of abnormalities on various biomarkers in patients with iRBD resulting
from an underlying synucleinopathy. The phenotypes/diseases include incidental Lewy body
disease (iLBD), Parkinson's disease (PD), dementia with Lewy bodies (DLB), multiple system
atrophy (MSA), and pure autonomic failure (PAF). One would predict a different pattern of
normal (Nl) and abnormal (Abnl) findings based on the biomarkers being performed, with
some results more difficult to predict (represented by “+/-”). Some abnormal findings may be
particularly suggestive of specific phenotypes/disorders (represented by an asterisk).
Abbreviations: Cog=cognitive/neuropsychological testing, Aut=autonomic studies,
MRI=magnetic resonance imaging, MRS=magnetic resonance spectroscopy,
DaT=DaTSCAN, PET=positron emission tomography of the brain using various ligands,
MIBG=Cardiac (123)I-metaiodobenzylguanidine imaging.
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Figure 13.
Hypothesized profile of abnormalities on various biomarkers in patients with iRBD resulting
from an underlying non-synucleinopathy neurodegenerative disorder. The phenotypes/
diseases include Alzheimer's disease (AD), one of the tauopathies (Pick's disease, corticobasal
degeneration, progressive supranuclear palsy, multisystem tauopathy, or frontotemporal
dementa with parkinsonism associated with a mutation in the microtubule associated protein
tau), or one of the TDP-43-associated pathologies (frontotemporal lobar degeneration [FTLD]
with TDP-43 positive inclusions, FTLD with motor neuron disease, or FTLD with a mutation
in progranulin). One would predict a different pattern of normal (Nl) and abnormal (Abnl)
findings based on the biomarkers being performed, with some results more difficult to predict
(represented by “+/-”). Some abnormal findings may be particularly suggestive of specific
phenotypes/disorders (represented by an asterisk).
Abbreviations: Cog=cognitive/neuropsychological testing, Aut=autonomic studies,
MRI=magnetic resonance imaging, MRS=magnetic resonance spectroscopy,
DaT=DaTSCAN, PET=positron emission tomography of the brain using various ligands,
MIBG=Cardiac (123)I-metaiodobenzylguanidine imaging
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Table 1
Proposed Minor Changes to the Definitions and Diagnostic Criteria for REM Sleep Without
Atonia and and REM Sleep Behavior Disorder

REM sleep without atonia (RSWA)

Abnormal EMG tone during REM sleep

• the electrophysiologic finding of excessive amounts of sustained or intermittent elevation of submental EMG tone and/or excessive
transient muscle activity on the submental or limb derivations

Probable RBD

Abnormal behaviors during REM sleep

• a history of recurrent abnormal and disruptive sleep behavior with injuries or the potential for injury

– the behaviors are usually (but not necessarily) associated with dream mentation

– the behaviors are usually (but not necessarily) associated with dreams involving a chasing or attacking theme

Definite RBD

Abnormal sleep behavior and abnormal EMG tone during REM sleep. Items A + B + C must be present for the diagnosis of definite RBD

A. Presence of RSWA

• the electrophysiologic finding of excessive amounts of sustained or intermittent elevation of submental EMG tone and/or
excessive transient muscle activity on the submental or limb derivations (the specifics of which require further study)

B. Presence of abnormal REM sleep behavior by history and/or on PSG

• a history of recurrent abnormal and disruptive sleep behavior with injuries or the potential for injury (fulfills criteria for
probable RBD) and/or

• documentation of abnormal REM sleep behaviors during polysomnographic monitoring (i.e. prominent limb or truncal
jerking; complex, vigorous, or violent behaviors)

C. Absence of EEG epileptiform activity during REM sleep

• unless RBD can be clearly distinguished from any concurrent REM sleep-related seizure disorder
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Table 2
Demographics and Clinical Phenomenology of REM Sleep Behavior Disorder

Demographics

 Male gender predilection

 Age of onset typically 40-70 years (range 15-80 years)

Clinical Phenomenology

 Abnormal vocalizations – orating, yelling, swearing, screaming

 Abnormal motor behavior – limb flailing, punching, kicking, lurching out of bed

 Altered dream mentation – typically involve a chasing/attacking theme, with the insects, animals or other humans being the aggressors and the
patient being the defender

 Exhibited behaviors mirror dream content

 Behaviors tend to occur in the latter half of the sleep period

Ann N Y Acad Sci. Author manuscript; available in PMC 2011 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Boeve Page 52

Table 3
Clinical Features/Diagnoses in Residents of Olmsted County, Minnesota Who Are
Participants in an Aging and Dementia Research Program and Had PSG-Proven RBD on
January 1, 2008*

Primary clinical diagnoses N

Normal neurologic functioning (idiopathic RBD) 8

Mild cognitive impairment (MCI) 2

MCI plus mild parkinsonian signs 2

Parkinson's disease with MCI 1

Dementia with Lewy bodies (DLB) 7

TOTAL 20

Population of Olmsted County, Minnesota on 1/1/08 – approximately 100,000

20/100,000 = 0.02% = absolute minimum point prevalence of PSG-proven RBD

*
3 additional participants (2 with Parkinson's disease and 1 with DLB) have classic features of RBD but no REM sleep was attained on PSG; thus

RBD is suspected (ie, probable RBD) but was not confirmed on PSG
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Table 4
Updated clinicopathologic experience at Mayo Clinic from January 1990 to April 2009 of
REM sleep behavior disorder associated with dementia and/or parkinsonism

Primary pathologic diagnoses N

Lewy body disease 36

Mutliple system atrophy 5

Progressive supranuclear palsy 1

Alzheimer's disease 1

TOTAL 43

Synucleinopathy pathology associated with RBD in this series: 41/43=95%
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