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Objectives: We aimed to provide a consensus statement by the International Rapid Eye Movement Sleep
Behavior Disorder Study Group (IRBD-SG) on devising controlled active treatment studies in rapid eye
movement sleep behavior disorder (RBD) and devising studies of neuroprotection against Parkinson
disease (PD) and related neurodegeneration in RBD.
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Methods: The consensus statement was generated during the fourth IRBD-SG symposium in Marburg,
Germany in 2011. The IRBD-SG identified essential methodologic components for a randomized trial in
RBD, including potential screening and diagnostic criteria, inclusion and exclusion criteria, primary and
secondary outcomes for symptomatic therapy trials (particularly for melatonin and clonazepam), and
potential primary and secondary outcomes for eventual trials with disease-modifying and neuroprotec-
tive agents. The latter trials are considered urgent, given the high conversion rate from idiopathic RBD
(iRBD) to Parkinsonian disorders (i.e., PD, dementia with Lewy bodies [DLB], multiple system atrophy
[MSA]).
Results: Six inclusion criteria were identified for symptomatic therapy and neuroprotective trials: (1)
diagnosis of RBD needs to satisfy the International Classification of Sleep Disorders, second edition,
(ICSD-2) criteria; (2) minimum frequency of RBD episodes should preferably be P2 times weekly to allow
for assessment of change; (3) if the PD-RBD target population is included, it should be in the early stages
of PD defined as Hoehn and Yahr stages 1–3 in Off (untreated); (4) iRBD patients with soft neurologic dys-
function and with operational criteria established by the consensus of study investigators; (5) patients
with mild cognitive impairment (MCI); and (6) optimally treated comorbid OSA. Twenty-four exclusion
criteria were identified. The primary outcome measure for RBD treatment trials was determined to be the
Clinical Global Impression (CGI) efficacy index, consisting of a four-point scale with a four-point side-
effect scale. Assessment of video-polysomnographic (vPSG) changes holds promise but is costly and
needs further elaboration. Secondary outcome measures include sleep diaries; sleepiness scales; PD sleep
scale 2 (PDSS-2); serial motor examinations; cognitive indices; mood and anxiety indices; assessment of
frequency of falls, gait impairment, and apathy; fatigue severity scale; and actigraphy and customized
bed alarm systems. Consensus also was established for evaluating the clinical and vPSG aspects of
RBD. End points for neuroprotective trials in RBD, taking lessons from research in PD, should be focused
on the ultimate goal of determining the performance of disease-modifying agents. To date no compound
with convincing evidence of disease-modifying or neuroprotective efficacy has been identified in PD.
Nevertheless, iRBD patients are considered ideal candidates for neuroprotective studies.
Conclusions: The IRBD-SG provides an important platform for developing multinational collaborative
studies on RBD such as on environmental risk factors for iRBD, as recently reported in a peer-reviewed
journal article, and on controlled active treatment studies for symptomatic and neuroprotective
therapy that emerged during the 2011 consensus conference in Marburg, Germany, as described in our
report.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Rapid eye movement sleep behavior disorder (RBD) is a com-
plex multidimensional parasomnia that frequently is interlinked
with other sleep disorders and their therapies (e.g., narcolepsy-
cataplexy), a wide range of neurologic disorders, and the pharma-
cotherapy of psychiatric and medical disorders (e.g., antidepres-
sants, b blockers) [1]. Experimental brainstem models of RBD in
cats and rats [2–6] and a recently developed transgenic RBD
mouse model with impaired gamma-aminobutyric acid and gly-
cine transmission [7], have expanded knowledge on brain mech-
anisms subserving rapid eye movement (REM) atonia and REM
sleep phasic motor activity and their dysfunction in RBD [8–12].
It is thus evident that RBD is situated at an active and strategic
crossroad of the neurosciences and clinical (sleep) medicine.
The literature on RBD has continued to grow exponentially, both
in breadth and depth since the exponential growth of RBD publi-
cations was first quantified [13]. Two striking examples involve
the strong link of RBD with narcolepsy [1,2] and the various
strong associations of RBD with Parkinson disease (PD) and
dementia with Lewy bodies (DLB), as comprehensively reviewed
[14–16]. The notable finding that idiopathic RBD (iRBD) often her-
alds future parkinsonism/dementia (by more than 80% within 10–
20 y after the diagnosis) has stimulated research on predictors of
imminent parkinsonism in iRBD [17,18]. High-risk patients could
be enrolled in therapeutic studies of promising neuroprotective
(i.e., disease-modifying) agents that could prolong or ideally halt
the progression of iRBD to clinical parkinsonism/dementia. To this
end and for other compelling collaborative research goals, such as
initiating and recently completing a case-control study of envi-
ronmental risk factors for RBD [19], the International RBD Study
Group (IRBD-SG) was founded.
2. The International RBD Study Group

The IRBD-SG was legally incorporated in Marburg, Germany in
2009, and it has since been recognized as a notable transnational
network for accelerating movement disorders and RBD research
[20]. The forerunner of the IRBD-SG was the RBD Task Force that
held a World Association of Sleep Medicine–sponsored meeting
on February 7, 2007 during the second World Association of Sleep
Medicine congress in Bangkok, Thailand. In total, the IRBD-SG has
held six symposia in Marburg (2007, 2008, and 2011), Montreal
(2010), Otsu City, Japan (2011), and Paris (2012), and the seventh
symposium is scheduled for Valencia (2013). The IRBD-SG is a net-
work of leading basic science and clinical RBD researchers from
North America, Europe, and Asia.

Objectives of the IRBD-SG are the promotion of international
scientific research in the field of RBD and related fields and the
optimization of medical care for patients by improving diagnos-
tic and therapeutic measures. Given the relatively low number of
patients with RBD identified at individual RBD research centers,
a major focus of the IRBD-SG is to facilitate multicenter studies
(i.e., the natural history and epidemiologic issues, including a
search for risk factors [19], biomarkers, genetic studies, diagnos-
tic procedures, and therapeutic interventions). Therefore, the
IRBD-SG aims to strengthen the international scientific informa-
tion and communication structures for RBD and to support the
establishment of standardized patient documentation and
respective databases. An overarching aim of the IRBD-SG is to
enhance professional and public awareness of the field of RBD
and associated fields and to foster cooperation among physi-
cians, scientists, and patients and their family members as well
as to utilize the media to serve as an educational public-aware-
ness tool.
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As the first example of such collaboration within the IRBD-SG,
the recently published case-control study [19] of environmental
risk factors in 316 iRBD patients (mainly older men) and 316 con-
trols, who were evaluated at 11 centers in nine countries, found
that prior head injury, prior occupational pesticide exposure, farm-
ing, welding, and smoking were significant risk factors.

We now wish to present a pertinent summary from the fourth
IRBD-SG symposium held in Marburg, Germany (April 29, 2011–
May 1, 2011) with proposed research protocols and their rationale
based on the current state of knowledge. This symposium was
sponsored by the National Parkinson Foundation, United States,
and the German Parkinson Study Group. At this symposium, there
was recognition that as the field of RBD advances, the essential
next steps will include the development of treatment trials, either
for symptomatic treatment of iRBD and other forms of RBD, or for
neuroprotective therapy against a synuclein-mediated neurode-
generation. Such trials will entail complex issues related to estab-
lishing diagnostic criteria, defining valid parameters to quantify
important dimensions of RBD, establishing primary and secondary
therapy-sensitive efficacy parameters, and determining potential
treatments, among others. This symposium became a consensus
conference to identify essential methodologic components for a
randomized trial in RBD, including potential screening and diag-
nostic criteria (e.g., automated vs visual scoring techniques of tonic
or phasic electromyogram activity during REM sleep in RBD), inclu-
sion and exclusion criteria, primary and secondary outcomes for
symptomatic trials (particularly for melatonin and clonazepam),
and potential primary and secondary outcomes of eventual neuro-
protective trials. We believe that there is a high level of clinical and
scientific importance inherent in these activities to justify broad
dissemination.

3. Therapy of RBD: state of the art

There are three extensive reviews of the therapy for RBD [21–23].
Clonazepam and melatonin are the two most commonly used
agents. However, there is only one published, double-blind, pla-
cebo-controlled trial of RBD that utilized melatonin in a fixed dose
of 3 mg at bedtime in a crossover design with 4 weeks on either mel-
atonin (3 mg) or placebo with a short washout phase of 5 days in be-
tween [24]. The coprimary outcome measures were change in the
Clinical Global Impression (CGI) scale and change in % of REM sleep
mini epochs without REM atonia. This was a small study (n = 8) of
mild RBD in which the presenting concern was either nonrestorative
sleep (n = 6) or narcolepsy-related symptoms (n = 2) but not specific
RBD symptoms. Two patients had insomnia and one patient had PD.
Four patients were described to have complete resolution of RBD,
two had marked improvement, one had little improvement, and
one remained unchanged with melatonin therapy. The authors
acknowledged that the generalization of their findings could be
questioned. Firstly, the group of included patients was small and
not homogeneous, as at least one patient did not suffer from iRBD.
Secondly, because melatonin has been reported to be effective in
RBD at doses up to 15 mg at bedtime [23], the low-dose fixed-dose
protocol in this study may have precluded further improvement.
Furthermore, evidence from this study and from a prior case report
by one of the authors [25], suggests that melatonin may induce a
sustained benefit over time; therefore, a longer period of melatonin
therapy in this study may have resulted in a greater response rate.
However, this statement only relies on patient reports and is not
supported by controlled data. Therefore, the study would need to
be carefully documented. In the crossover study there was a modest,
albeit significant, 12% reduction of the primary outcome measure,
‘‘REM sleep mini epochs without muscle atonia,’’ from 39% of total
REM sleep before therapy to 27% after therapy. However, it is not
clear to what extent the improvement in the coprimary outcome
measure ‘‘change in CGI ratings’’ with melatonin therapy reflected
improvement of the presenting concern of nonrestorative sleep or
of improvement of specific RBD symptoms. Details of RBD behaviors
and problematic consequences were not provided. The outcome
methods of this trial were insufficient to prove efficacy. Still this
study does mark a start for formal RBD treatment studies.

4. Ethical and medical concerns

4.1. Ethical concerns

An issue to be considered is the ethics and medical-legal liabil-
ity of placebo-controlled treatment trials of a typical sample of
RBD patients, as these individuals commonly engage in recurrent
sleep and dream-enacting behaviors that pose a risk for injury,
including life-threatening injury [26], to oneself or his or her bed
partner. Even the best attempts at maximizing the safety of the
sleeping environment cannot guarantee that serious injury will
not occur, either during the placebo- or active-treatment arm of
the study. Therefore, appropriate strategies for presenting pla-
cebo-controlled treatment studies of RBD to institutional review
boards across countries need to be carefully considered and dis-
cussed from the perspective of safety issues.

4.2. Discussion of the risk for future parkinsonism or dementia with
iRBD patients and spouses

Another issue of growing clinical and research importance
involves what to tell iRBD patients and their families about the
probabilities and time course for developing a parkinsonian disor-
der or dementia. Additionally, they must be informed about group
and individual findings from research studies that consistently
show that brain structure, brain function, cognitive function,
olfactory function, among others, in iRBD patients show patho-
logic changes that are similar to those found in patients with
PD and DLB. Should the mechanism and extent of feedback of
findings be incorporated in the patient information leaflet on
research protocols, besides the scientific rationale for enrolling
in the studies? Not addressing this issue could be highly problem-
atic for several reasons, including the wide use of the Internet by
the general public for obtaining medical and scientific informa-
tion. However, this sensitive issue needs to be properly stated
to the patients and family regarding an increased risk for future
PD and DLB, but without guarantee of developing these diseases.
Cultural, familial, religious, educational, and other factors need to
be considered in this matter.

4.3. Medical concerns

Clonazepam has been shown to be efficacious in open-label
clinical case series. There are well-known concerns of adverse ef-
fects, especially in the elderly (i.e., daytime sedation, increased risk
for falls, etc.). However, in many elderly patients clonazepam can
be well-tolerated, even when dementia or parkinsonism is already
present. Therefore, a controlled trial with clonazepam will gener-
ate—for example, in comparison to melatonin—highly needed data
on adverse events, development of tolerance, and withdrawal
symptoms.

5. Proposed RBD treatment studies and their rationale:
background

5.1. Selection of drugs for treatment studies

Lack of therapeutic trials according to evidence-based medicine
criteria have stimulated the IRBD-SG to: (1) select a comparative
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active treatment study of RBD as a proposal for a large multicenter
trial, as this design has major safety advantages over a placebo-
controlled treatment study; (2) select primary and secondary end
points likely amenable to change under a symptomatic therapy
in the absence of a convincing candidate for use in a neuroprotec-
tive trial; and (3) to choose the two medications already known to
provide substantial benefit to RBD patients on a purely pragmatic
level as active comparative agents (i.e., clonazepam, melatonin).

5.2. Selection of patient groups: iRBD and PD-RBD

Given the small prevalence of iRBD in the general population
(estimated at 0.5% [27]), the substantially higher prevalence of
RBD in the readily available group of patients with a-synucleinop-
athies (e.g., PD, multiple system atrophy [MSA], DLB) makes this
population of added interest for therapeutic trials in RBD. How-
ever, the frequency of probable RBD (i.e., compelling clinical his-
tory of RBD in the absence of polysomnography [PSG]) based on
two population-based studies in individuals aged P70 y is in the
6–9% range [28,29]. This prevalence suggests that recruitment
and enrollment for longitudinal neuroprotective studies may be
more feasible than previously considered, and a screening ques-
tionnaire for RBD would capture cases that may not present to
any clinic.

6. Inclusion criteria for iRBD and PD-RBD treatment trials

The diagnosis of RBD needs to satisfy the ICSD-2 criteria [27].
(A) There should be at least two prior episodes of clinically re-

ported or witnessed dream-enacting behavior supported by REM
sleep without atonia recorded by PSG [30].

(B) To allow for assessment of change, the minimum frequency
of RBD episodes should preferably be P2 times weekly (with com-
plex movements, apart from any sleep talking) to the extent that
reliable reporting is possible by a bed partner (especially for iRBD).

The frequency of reported RBD episodes depends on the level of
awareness by the observer and also on the intensity and severity of
the behaviors displayed by the patients. Night-to-night variability
exists; however, RBD activity possibly occurs every night to a
greater or lesser degree. Because the pathophysiology of iRBD
and RBD in PD seems to be comparable, with similar motor-behav-
ioral signs during REM and NREM sleep and with iRBD consistently
occurring as an early sign or even as a preclinical marker for the
major a-synucleinopathies (PD, DLB, MSA) as observed in many
patient cohorts [14], then patients with iRBD and with PD-RBD
can both be included in proposed treatment trials. A further reason
to include PD patients with RBD is to extrapolate the benefit of the
therapy to the PD population, as this has never been done in a PD-
RBD cohort [31].

(C) iRBD Patients should preferably be naive to clonazepam and
melatonin therapy as well as any dopaminergic therapy, as Fantini
et al. [32] have reported some beneficial effects of the dopamine
agonist pramipexole on RBD in an open label study.

In that study, eight patients with iRBD were treated with
0.78 ± 0.25 mg pramipexole for 1–9.5 months. Seven patients re-
ported reduction in the frequency of RBD, but phasic electromyog-
raphy (EMG) chin muscle activity in REM sleep did not change
from baseline to treatment follow-up; however, videometry dis-
played a significant reduction of simple movements and insignifi-
cant reductions of complex movements. Ideally, de novo RBD
patients should be selected.

(D) The PD-RBD target population should be in the early stages
of PD, defined as Hoehn and Yahr stages 1–3.

Inclusion of PD-RBD patients would preferentially involve pa-
tients in the early stages of PD, both nontreated and treated, but
the latter would need a stable treatment of 4 weeks with any
antiparkinsonian medication. All forms of dopaminergic medica-
tions would be allowed, including the monoamine oxidase inhibi-
tors (MAO) B inhibitors, selegiline and rasagiline, with
stratification analysis of outcome measures. Previously published
data did not show a clinically significant influence of these medica-
tions on RBD in PD [31]. Inclusion of PD-RBD patients in the early
stages of PD is both for safety reasons and because in the advanced
stages of PD, there are more factors adversely influencing the qual-
ity of sleep, such as REM sleep duration, sleep fragmentation, and
psychosis [31]. Additionally, one study of PD-RBD patients found
no benefit from pramipexole therapy on either RBD clinical symp-
toms or on tonic/phasic EMG activity during REM sleep [33]. If pos-
sible de novo PD patients should be selected, as they may show the
best treatment effects. Any effects of clonazepam on postural sta-
bility can be monitored by the Unified Parkinson Disease Rating
Scale, part 3 (UPDRS-3), items 29 and 30, in PD patients with Hoe-
hn and Yahr stages 1–3.

(E) iRBD patients with soft neurologic dysfunction.
There is a consensus that various iRBD patients display concur-

rent neurologic dysfunction, such as soft Parkinsonian signs, dys-
autonomia, mild cognitive deficits, abnormalities in olfactory
function, ataxia and dysmetria, among others, thus raising the
question of how stringent the inclusion criteria should be for iRBD.
A consensus should be established for each study protocol in re-
gard to how iRBD should be defined. Criteria should be developed
for how iRBD patients are tested and how the results can influence
entry into the study.

(F) RBD patients with mild cognitive impairment [34–36].
This inclusion is in line with the previous inclusion of RBD pa-

tients with soft neurologic dysfunction. Inclusion of mild cognitive
impairment (MCI) patients will provide the opportunity to monitor
possible negative effects of clonazepam on cognitive and motor
performance. It might be preferable to include single-domain
MCI, though more medical attention can be directed for potential
adverse effects for those with multiple-domain MCI (who may be
more at risk for dementia). However, as MCI associated with DLB
pathology can run the full gamut from amnesic single-domain
MCI, to nonamnesic single-domain MCI, to amnesic or nonamnesic
multiple-domain MCI [29], it would be preferable not to be overly
restrictive on which MCI subtypes to include or exclude. The diag-
nostic criteria and methods used for diagnosing MCI need to be
specified, with a uniform battery of tests used at all centers. Pro-
posed MCI criteria and cognitive tests in PD have recently been
published [37], which can be considered as a starting point. How-
ever, these criteria have yet to be validated in PD and iRBD. Mea-
sures that are more sensitive to attention or executive episodic
memory and visuospatial dysfunction should be considered for
inclusion in the battery of tests.

(G) Optimally treated comorbid obstructive sleep apnea, with
demonstrated apnea–hypopnea index (AHI) < 15 per hour follow-
ing treatment with positive airway pressure therapy or with a non-
positive airway pressure modality.

Exclusion of obstructive sleep apnea (OSA)-RBD patients would
limit recruitment opportunities as well as the generalization of
findings. Ongoing control of OSA and adequate compliance with
positive airway pressure (PAP) therapy can be documented by
PAP machine downloaded data and portable oximetry to minimize
the confounding influence of OSA on the primary and secondary
measures of RBD therapy. Treatment of comorbid OSA with opti-
mal PAP settings or other measures improves sleep continuity
and oxygenation and frequently improves daytime functioning.
Additionally, optimal treatment of RBD may improve compliance
with OSA treatment, especially with PAP by improving sleep
continuity and reducing episodes of RBD activity displacing
the PAP mask. Finally, RBD diminishes the severity of comorbid
OSA [38].
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7. Exclusion criteria for iRBD and PD-RBD treatment trials

(A) Known hypersensitivity to melatonin or clonazepam.
(B) Prior or current therapy of RBD (or other disorder) with mel-

atonin or clonazepam.
The sample size may possibly be small with this exclusion.

Alternatively, patients being treated with clonazepam could be
included after a gradual washout period of at least 2 months to ex-
clude a possible rebound effect, as previously described [39]. The
same inclusion could apply for melatonin but with a shorter wash-
out period.

(C) Current use of sedative-hypnotic medication (i.e., benzodi-
azepines, benzodiazepine receptor agonists, pregabalin, antipsy-
chotics, etc.).

(D) Current use of antiepileptic medication or history of
epilepsy.

While the older agents can stabilize sleep by reducing fragmen-
tation and may increase slow-wave sleep, many of the newer agents
have limited effects on sleep architecture. Additionally, these med-
ications often are used in the management of nonepileptic condi-
tions, such as pain management, mood disturbance, among others.
Therefore, this exclusion criterion needs further deliberation.

(E) Alcoholism, recent interruption of alcohol consumption, or
history of drug abuse.

(F) Previous serious injury or serious near-injury from RBD, or the
clinical investigator determines that there is a substantial risk for
serious injury if RBD is left untreated before enrollment in the study.

(G) For iRBD, lack of a bed partner/roommate/caretaker who
sleeps in the same room.

Observers are necessary for assessment of the primary efficacy
criteria, provided that they are reliable observers according to the
investigator’s opinion. This exclusion criterion may prove difficult
for enrolling a sufficient number of PD patients, unless efficacy in
this group is assessed by video-polysomnography (vPSG) studies.

(H) Serious medical disorders, particularly unstable medical
disorders (e.g., malignant diseases, severe chronic obstructive pul-
monary disease, unstable cardiac disorders, etc.).

(I) Patients with nocturnal confusional episodes and nocturnal
falls.

(J) Pregnancy.
(K) PD patients with Hoehn and Yahr stages 4 and 5.
Any effects of clonazepam on postural stability will not be con-

founded by this exclusion criterion.
(L) Patients who start or change PD treatment during the study

period (dropouts).
(M) Multiple system atrophy.
MSA-RBD may have a different disease progression from PD-

RBD. MSA also has a distinctive EMG abnormality pattern that is
characterized by persistent tonic muscle activity during REM sleep
[40,41]. Additionally, screening out patients with ataxia and sleep-
related stridor can further help to exclude MSA patients.

(N) Dementia (DLB, pervasive developmental disorders, etc.)
and any cognitively impaired patient with significant functional
impact.

How these patients are defined should be carefully considered.
A substantial proportion of MCI and mild DLB patients score in the
normal range on the mini-mental state examination (MMSE) and
the Montreal Cognitive Assessment (MoCA). A cutoff score of 21
on the MoCA or a cutoff score of 26 on the MMSE would most likely
exclude dementia.

The criteria of the Movement Disorder Society for PDD [42]
could be used. This exclusion is valid because of the risk for poten-
tial adverse effects from treatment with clonazepam (and possibly
melatonin), including confusional states from benzodiazepine
therapy in demented patients. A MMSE score <26 is proposed.
For older (P80 y) or less educated (<10 y) participants, references
to published normal ranges may be used [43,44]. Alternatively, a
MoCA screening cutoff score <21 could be used, as this has recently
been proposed and validated for PDD [45].

(O) Narcolepsy, which has a different pathophysiology from
iRBD.

(P) Untreated or suboptimally treated obstructive sleep apnea
(AHI > 15/h).

This exclusion is for safety reasons and also for the presence of ‘‘OSA
pseudo-RBD’’ [46] that can make it difficult to differentiate behaviors
emerging from REM sleep associated with apnea and hypopnea from
true RBD behaviors. A further concern is differentiating the mentalis
muscle EMG activity at the end of an apnea from REM sleep without
atonia (RWA).

(Q) Bipolar disorder, psychosis, and major depression.
These conditions often are associated with changes in sleep

architecture and with the use of antidepressant and mood-stabiliz-
ing medications that also can affect sleep architecture. In addition,
concerns over safety justify this exclusion.

(R) Beck Depression Inventory (BDI) > 13–19 (for the BDI 21-item
scale), depending on whether or not RBD patients with mild or mod-
erate depressive symptoms are to be included in the study protocol.

With a cutoff >13, patients with mild depressive symptoms
(scores, 14–19) would be excluded, which is frequent in iRBD
(approximately 15%).

(S) Patients taking b blockers and antidepressants.
Selective serotonin reuptake inhibitors, venlafaxine, mirtaza-

pine, tricyclic antidepressants, and mixed-type A and B MAO inhib-
itors can induce or aggravate RBD and reduce REM sleep%. Given
the potential major medical and psychiatric risks associated with
discontinuation of these agents, these patients should be excluded.
Use of MAO-B inhibitors in the therapy of PD may not be an exclu-
sion criterion, depending on the study protocol.

(T) For patients who had previously taken an antidepressant
medication, the drug-free interval for eligibility to be enrolled in
the study should be P3 months.

Nevertheless, it has not yet been established how long medica-
tion-induced RBD/RWA can persist after discontinuation of the
(presumed) offending agent. Patients who have taken antidepres-
sants for years might have a permanent upregulated noradrenergic
or serotonergic system.

(U) Patients with other parasomnias (e.g., nonrapid eye move-
ment [NREM] parasomnias including parasomnia overlap disorder,
i.e. RBD-NREM parasomnia).

(V) Patients with sleep-related movement disorders, such as
rhythmic movement disorders.

(W) Patients with clinically relevant restless legs syndrome
(RLS) (with RLS rating scale score >15).

The presence of any periodic limb movements index should not
be an exclusion criterion; otherwise, most PD and many iRBD pa-
tients would be excluded. The periodic limb movements arousal
index could be monitored for therapy outcome.

(X) During the study, if there is a sleep-related injury, with the
threshold severity of injury needing to be defined, the patient will
drop out of the study. This situation also may apply to potentially
serious events occurring during sleep. Patients should be promptly
clinically evaluated, with a completed final CGI.

(Y) Patients with structural intracranial lesions potentially able
to mimic PD or even trigger RBD.

To exclude these patients, a neuroimaging study is advisable
(computed tomography scan or optimally, if feasible, a magnetic res-
onance imaging scan [MRI]) whenever there is a clinical suspicion of
secondary RBD based on history and signs on neurologic examination.

In symptomatic treatment trials and disease-modifying trials,
all enrolled patients should have a brain MRI to systematically
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exclude any structural brain lesions that could affect the outcome
data, which also carries medical-legal implications. It is important
to ensure data quality for potential drug licensing procedures and
to allow the opportunity for potential subanalysis of MRI data.
8. Primary end points For RBD treatment trials

(A) CGI efficacy index
The consensus at the Marburg symposium was to use the CGI

efficacy index (four-point scale with a four-point side-effect scale)
as the primary outcome measure. There currently are no validated
RBD severity scales, and CGI efficacy is simple and is commonly
utilized in many studies. Additionally, a global measure CGI effi-
cacy can assess the overall impact of RBD symptoms as the patient
or caregiver experiences them. Either joint or separate CGIs also
should be completed by the spouse or caretaker. The degree of
change with therapy needs to be viewed in light of the level of
baseline severity of RBD, which can be assessed with CGI severity.
However, treatment differences may not be large enough to detect
any CGI difference.

(B) vPSG: Assessing change in REM atonia; quantitative EMG
analysis (also refer to Section 10).

The use of vPSG analysis of change with therapy is promising,
but it is costly and may be limited by the level of uncertainty of
night-to-night variability [47]. This topic will be considered in a
separate section below, as expert consensus has been achieved.

The use of quantifying changes in REM atonia and REM sleep
phasic motor activity with therapy is highly desired, but it is lim-
ited by the considerable cost and also by the extent of uncertainty
of night-to-night variability, particularly for phasic muscle activity,
which appears more variable than tonic muscle activity [47]. This
approach could form a separate arm of the study performed at spe-
cialized centers that have the experience and capability to perform
detailed, quantitative PSG-EMG analyses. However, the larger the
sample size, then the extent of night-to-night variability can be
minimized. Additionally, night-to-night variability can be assessed
with ambulatory monitoring for RWA.

(C) Outcome scales.
Other potential primary outcomes could include the 5-point

scale (Boeve): 4 = controlled; 3 = markedly improved; 2 = initially
improved but subsequently returned; 1 = no change; 0 = worsened
[48].

Another option would be an adapted version of the RBD-Hong
Kong (RBD-HK) questionnaire [49], which assesses the frequency
of a variety of dream enactment behaviors ranging from mild to se-
vere. The timeline of the RBD-HK (which is over 1 y) would need to
be changed to the timeline of the treatment period. Use of the Jap-
anese version of the RBD-HK has recently demonstrated the ability
to measure treatment responsiveness in 45 RBD subjects after 1 y
of treatment [50].
9. Secondary outcome measures for RBD treatment trials

9.1. There are two major considerations: efficacy and tolerability/
safety

(A) Sleep diaries completed by patient and bed partner.
These diaries would assess sleep duration, sleep quality, fre-

quency and severity of clinically evident movements, and dream
enactment behavior.

(B) Epworth sleepiness scale, Pittsburgh Sleep Quality Index
(PSQI), and Karolinska sleepiness scale.

These scales would assess potential somnolence side effects of
medications, and should be measured at the baseline visit and
repeated following steady-state treatment with clonazepam or
melatonin. These measures should be repeated once during titra-
tion as well as just after achieving steady state in case change oc-
curs (i.e., development of tolerance) as a potentially interesting
tolerability measure. The Epworth sleepiness scale and PSQI have
both been endorsed as appropriate tools for the assessment of
sleep impairment in PD [51]. The PSQI is a self-rated questionnaire
that assesses sleep quality and disturbances over the last month
[52]. The PSQI contains 19 items that generate seven subcompo-
nent scores, including subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleep-
ing medication, and daytime dysfunction. Sum scores for these se-
ven components yields a single global score. A global PSQI score >5
suggests that the subject is a poor sleeper. However, the PSQI may
be too nonspecific for this type of study. The Karolinska sleepiness
scale is a semiquantitative standardized 10-point scale on which
the subject rates sleepiness during the previous 10 min, and there-
fore could be used as a single time assessment of sleepiness. The
scale has been well-validated by simultaneous electroencephalo-
gram (EEG) and performance measures [53].

(C) PD Sleep Scale 2.
The original PD Sleep Scale 2 (PDSS-2) [54,55], updated with the

newly validated PDSS-2 [56], is a simple bedside tool for the dis-
ease-specific assessment of symptoms associated with sleep dis-
turbance in PD. The PDSS addresses 15 commonly reported
sleep-related symptoms and shows excellent test–retest reliability.
The recent version of the scale (PDSS-2) typically demonstrates
higher scores with advancing parkinsonism and excellent discrim-
ination between PD patients and healthy controls [56]. The PDSS-2
is a 5-point rating scale ranging from 0 to 4, with high values indi-
cating more sleep disturbances. We plan to administer PDSS-2 at
baseline and the terminal study visit in all patients with symptom-
atic RBD associated with PD.

(D) Serial motor exams: UPDRS part 3.
(E) Cognitive indices: MMSE [57]) and MoCA [58].
Both scales take 5–10 min to administer and can be partially

cross-scored with each other. Although the MMSE is a standard
instrument for assessing dementia, it is likely to be insensitive
for assessing moderate changes in cognition. Therefore, MoCA
may be more advantageous for assessing potential cognitive ad-
verse events of medication (particularly clonazepam). The MoCA
has multiple versions, reducing the concern of test–retest bias.
Alternative versions of the MoCA are in development in other lan-
guages. The MoCA but not the MMSE is sensitive for detecting
MCI in iRBD [59]. The MoCA appears to be the preferred instru-
ment for use in these studies and is available for free at http://
www.mocatest.org/.

(F) Mood and anxiety indices: BDI [60] and Beck Anxiety Inven-
tory [61].

The BDI and Beck Anxiety Inventory are well-validated instru-
ments utilized in clinical and research populations to screen and
follow-up for depressive and anxiety symptoms, including demon-
strating reliability and validity in the PD population [62,63].]

(G) Assessment of frequency of falls, gait impairment, and
apathy.

This assessment is particularly important for patients receiving
clonazepam. Although there can be concern with using clonaze-
pam in the elderly, clonazepam often is well-tolerated in older pa-
tients with RBD, even when dementia or a Parkinson syndrome is
already present. If minimal or no deleterious effects of clonazepam
are demonstrated in a controlled trial, these findings could be con-
sidered as being as important, or even more important, as confirm-
ing efficacy of clonazepam, which is anticipated to be quite likely.
For the PD-RBD group, items 29 and 30 of the UPDRS-3, and the
UPDRS-1 can be used. However, apathy is much more difficult to
assess, as valid and reliable apathy scales do not yet exist for
detecting subtle changes with therapy.

http://www.mocatest.org/
http://www.mocatest.org/
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(H) Fatigue Severity Scale [64].
The Fatigue Severity Scale (FSS) has been widely utilized to assess

fatigue in medical and neurologic populations and was recently rec-
ommended as an appropriate instrument to screen for and assess
severity of fatigue in patients with PD [65]. This scale can be used
to assess the impact of treatment on fatigue. Other established and
well-working scales include the Pichot Fatigue Scale and the World
Health Organization-5 Quality of Life-Depression Scale.

(I) Actigraphic monitoring
This method would yield quantitative results and may possibly

be an effective secondary outcome measure, as it is not costly and
it can assess movements over 14–28 consecutive nights, which
hopefully can be correlated with RBD events and perhaps lead to
an automatic detection algorithm. A case of monitoring RBD with
actigraphy has been reported [66]. However, actigraphy cannot
be considered a valid tool for RBD research, given the information
that is currently available.

(J) A customized, pressure-sensitive, bed-alarm system.
This newly developed system holds promise as another possible

secondary outcome measure, as the number of RBD-related events
can be recorded nightly over extended time periods, allowing for a
quantitative comparison of the number of pretreatment vs with-
treatment (major) RBD behavioral events [67]. However, this
method of assessment is best suited for monitoring RBD patients
who are prone to falling or jumping out of bed (i.e., the detection
of major events); therefore, there might be other movements
detected that are not related to REM sleep. A validation study
should preferably be conducted first. Another similar system is
the BEDDIT-method, which also should be validated before using.

10. Consensus for evaluating the clinical and video aspects of
RBD

10.1. Clinical interview and questionnaires

(A) Interview.
The optimal interview should include the patient and spouse or

other nocturnal caretaker. When a bed partner is not available, the
Table 1
Scales used to assess rapid eye movement sleep behavior disorder.

Scales Purpose Characteristics Properties

RBD Screening
questionnaire
[68]

Screening
tool,
epidemiology

Self-administrated, 13 questions on
dreams (items 1–3, 8), movements
(items 4, 6.1–6.3), disturbances (item
5, 6.4, 7, 9), and neurologic disease
(item 10), scored 0 or 1.
German- and Japanese [69]-validated
versions.
Item 6.1 (in my dreams I speak, shout,
swear, or laugh, loudly) is the most
sensitive item, while item 5 (it
happened that I [almost] hurt my bed
partner or myself) is the most specific
item.

Range, 0–1
A score > 5
for RBD an
German p
sleep diso
specific vs
A score >4
and 89% sp
OSAS men
vs healthy
Test–retes
in Japan.

RBDQ-HK [49] Screening,
epidemiology,
severity

Self-administrated, 13 questions on
dreams (items 1–5, scored 0–1),
vocalizations (items 6–7, scored 0 or
2), movements (item 8, scored 0 or 2),
disturbances (items 9–11, 13, scored
0 or 2), and dream-behavior
isomorphism (item 13, scored 0 or 1),
scored as a lifetime occurrence and
with a yearly frequency (from 0 to 5)
English and Chinese validated
versions.

Range: 0–
A score > 1
sensitive a
healthy co
A model w
(dream-re
behavior-
related) ex
variance.

Abbreviations: RBD, rapid eye movement sleep behavior disorder; RBD-HK, rapid eye mo
apnea syndrome; PSG, polysomnography.
patient should be interviewed about any unusual events such as
self-injury or falling out of bed or comments from nurses or any
relatives about their sleep behaviors or vocalizations. RBD often
manifests as an attempted enactment of distinctly altered,
unpleasant, action-filled, and violent dreams. Typically, at the
end of an episode, the individual awakens quickly and becomes
rapidly alert and oriented. The eyes usually remain closed during
an RBD episode, with the person attending to the dream action
and not to the actual environment. The interview must involve
someone sleeping with or caretaking the patient in the same room,
as this is key to the witnessing of RBD behavioral events.

(B) Rating scales (Table 1)
Scales assessing RBD are scarce. We found two scales screen-

ing for RBD, one scale assessing an inventory of RBD symptoms
[68] (validated in German and English and later in Japanese)
[69], and one scale assessing the RBD severity and RBD monthly
frequency [49].There also is the recently validated Mayo Sleep
Questionnaire for RBD screening in dementia patients and in
the elderly [70]. The screening scales and inventories are mainly
based on a history of abnormal behaviors and apparent acting
out of dreams, while the latter aspect has been removed as a
diagnostic criterion in ICSD-2 (compared to the original ICSD in
1990), because RBD nondreamers and patients with RBD who
are not awakened after an RBD episode may not remember hav-
ing dreamt. The first two screening tools are sensitive, but their
specificity decreases when applied to populations with other noc-
turnal movements, including sleepwalkers and patients with noc-
turnal epileptic seizures; the specificity also decreases in
psychiatric populations [49,68,69]. Of note, adults with sleep-
walking or sleep terrors also may have apparent acting out of
dreams, sometimes with associated dreamlike mental content
[71]. We suggest adding a question on sleepwalking, as walking
during an RBD episode is very unusual in patients with RBD.
The RBDQ-HK has the advantage of providing an index of RBD
severity and episode frequency and has no misleading questions
[49]. The RBDQ-HK appears to be appropriate for evaluating the
effect of medication on RBD clinical features (also refer to
Section 8C).
Validation Remarks

3
is 96% sensitive

d 56% specific vs
opulation with
rders and 92%
healthy controls.

.5 is 88% sensitive
ecific vs Japanese

, and 91% specific
controls.

t reliability is 87%

Germany, 54 patients with PSG-
confirmed RBD (score, 9.5 ± 3)
160 sleep controls (score 5 ± 3),
133 healthy subject (score 2 ± 2)
Japan, 52 patients with
PSG-confirmed iRBD (score, 7.5 ± 2.8),
55 patients with treated
OSAS (1.9 ± 2.3), 65 healthy subjects
(1.6 ± 1.2)

No spouse report.
No index of severity.
Question 6 (relative to
behavior during dreams
and not dream
enactment) can be
misunderstood.
Frequent false positives
in sleepwalkers and
epileptic patients.

100
8–19 is 82%
nd 87% specific vs
ntrols.
ith two factors

lated and
or consequences-
plains 59% of the

107 patients with PSG-confirmed
RBD (score: 32 ± 16), 107 controls
(healthy and with sleep disorders;
score, 9 ± 10)
High internal consistency (90%)
and test–retest (89%) reliability

The score is lower when
completed alone
(40 ± 21) than in the
presence of relatives
(55 ± 17).
The scale also assesses
the RBD severity.

vement sleep behavior disorder Hong Kong questionnaire; OSAS, obstructive sleep
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10.2. Polysomnographic RBD evaluation—focus on EMG

(A) Recommendation for PSG evaluation of RBD
Standard PSG montage according to the American Academy of

Sleep Medicine plus bilateral flexor digitorum superficialis muscles
on the upper extremity is encouraged. It is important to consider
the same filter settings and impedance measures; amplification
has to be stated and is shown on the PSG machine. Sampling fre-
quency should be indicated. European data format should be used
for data provision.

Recording of muscle activity during sleep also is important in
the process of ruling out, in tandem with the clinical history, the
parasomnia overlap disorder [27,72], with features of muscle activ-
ity in REM sleep plus features of NREM parasomnias coming in
stages N2 and N3.

Why is the mentalis EMG not sufficient? There is a pro of the
mentalis muscle: if you lose a lead in the standard montage in-
cluded, then you have two replacements. Mentalis muscle activity
is only present in REM sleep when there is RBD or RWA without
clinical RBD. In contrast, there also is a con: there are too many
artifacts due to snoring, speaking, swallowing, bruxism, rhythmic
masticatory activity, CPAP background noise, breathing, tonic
activity; however, this also can be true for extremity muscles.
Mentalis muscle activity often is independent of body movement
(e.g., when there is no movement of extremities).

Peripheral muscles also have been recorded. The most current
evidence-based data provide the following guidelines regarding
objective measures for detecting RWA and guidelines for their
interpretation supporting the diagnosis of RBD: (1) RWA is sup-
ported by the polysomnographic findings of either tonic chin
EMG activity in P30% of REM sleep, or phasic chin EMG activity
in P15% REM sleep scored in 20-s epochs [73]; (2) any (tonic/pha-
sic) chin EMG activity combined with bilateral phasic activity of
the flexor digitorum superficialis muscles in P32% of 3-s mini
epochs scored in REM sleep, or in P27% of 30-s epochs scored in
REM sleep [74]; and (3) automated quantification methods have
been developed for generating the REM sleep atonia index with
scores ranging from 0 (complete loss of REM atonia) to 1 (complete
preservation of REM-atonia). The cutoff score for RWA is a REM
sleep atonia index <0.9 [41,75–77].

A range of automatic analyses of the EMG in REM sleep and RBD
exists: Burns et al. [78], Ferri et al. [40,41,75,76], Mayer et al. [79],
Kempfner et al. [80], and Knudsen et al. [81].

(B) Rationale: why PSG monitoring is required.
The ICSD-2 [27] requires objective vPSG documentation for the

diagnosis of RBD, as other conditions can present with dream-
enacting behaviors and because abnormal EMG findings during
REM sleep are virtually present every night in RBD patients. Motor
activity can be recorded by EMG and video. Data have been re-
ported on night-to-night variability, which demonstrated that
EMG activity is more stable across nights compared to behavioral
manifestations on the video [82–84]. There are published findings
on how RBD patients can be distinguished from controls on the ba-
sis of REM sleep EMG and videographic motor activity. Additionally
there is a spectrum of RBD severity, as reflected in PSG measures
with changes of reduced RBD frequency and severity induced by
medication being detected by PSG measures. The vPSG findings
can provide support for the EMG findings from PSG monitoring.

(C) Combined EMG and video analysis to better detect the mo-
tor and vocal manifestations occurring in RBD [85].

Furthermore, two other approaches for scoring EMG activity in
REM sleep and RBD have been published: Eisensehr et al. [86] on
short and long-lasting muscle activity, and Bliwise et al. [87–89]
on phasic EMG metric.

(D) Unresolved issues
The following are a list of unresolved issues:
(1) The terms phasic and tonic have to be clarified unless the
EMG scoring method combines the two into a unitary EMG
metric, as was recently done with the chin EMG [40,41,
74]. Moreover, the statistical analysis of quantified chin
EMG measurements does not seem to support the separation
between phasic and tonic activities, as they seem to belong
to the same statistical distribution [40,79].

(2) Amplitude criterion: is it better to use a 2- or 4-fold increase
of the background EMG? This may be an insurmountable
issue to resolve, as it is impossible to establish an exact
threshold for visually detected events based on the rapidly
fluctuating nature of the signal. Also, the advent and further
ongoing development of automated quantitative analysis,
especially for eventual large-scale studies, will make this
issue of visual scoring moot.

(3) How is baseline muscle tone defined? According to existing
data, mean baseline EMG activity is approximately 2 lV
[40,41,75,76,79]. However, it may depend on the body posi-
tion and its changes throughout the night.

(4) We do not have a definition for onset or offset of EMG
activity.

(5) Is it better to use 3-s mini epochs every 30 s instead of 2-s
mini epochs every 20 s due to the gold standard for sleep
scoring (the current AASM criteria)? There may be technical
difficulties, as some PSG machines cannot switch their
screens to 3-s mini epochs. Automated scoring can bypass
this issue.

(6) Long-lasting EMG activity may be missed by scoring 50% of
muscle activity during 2- or 3-s bins if there is activity that
lasts longer than the one in a particular bin. This issue also
can be bypassed by automated scoring.

(7) Awakenings and arousals should be excluded from scoring.
(8) How should fragmented REM sleep be incorporated into a

REM sleep epoch? If REM sleep is disrupted, should it be
scored as belonging to one cycle or to several cycles (e.g., if
the fragmentation epochs are 5 min apart, then they should
still belong to one cycle? Whereas, if they are 20 min apart,
should they belong to the next cycle)?

(9) Night-to-night variability: is one night really sufficiently
representative? One study has found low night-to-night var-
iability in RBD, indicating that one night of vPSG may be suf-
ficient [83]. On the other hand, a published abstract showed
high variability of mentalis muscle tone during REM sleep in
RBD over six consecutive nights [90].

10.3. Video-analysis of RBD

Observing an overtly abnormal behavior during REM sleep (i.e.,
more than minimal twitching, limb jerking, sleep talking) is direct
evidence for RBD and is sufficient for meeting the ICSD-2 criteria
for RBD documented by vPSG in the absence of a clinical RBD his-
tory (e.g., patient lives alone). In some patients, the EEG may be ob-
scured by muscle artifact, the EMG activity may only be visible in
some muscles not captured by the standard EMG montage, or the
EEG can be difficult to score as REM sleep, especially in demented
patients. Hence there is a need for having direct access to record
REM sleep behavioral abnormalities. In addition, viewing the exact
behavior provides invaluable information on the motor and cogni-
tive systems at work, which can help to understand REM sleep fea-
tures. Time-synchronized vPSG recording with an infrared light
source and excellent quality is required. A specific oral or written
consent for video surveillance usually is required. The usefulness
of vPSG recording may be limited in cases of patients sleeping
completely under the sheets or pillow. There is not yet a formal
consensus on how to analyze the movements on the video. The
movements observed during video analysis of RBD have been
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classified early on as simple vs complex events, with elemental
behaviors later classified as myoclonic and simple (minor or major)
events [82]. Emotions could be scored as apparently positive, neg-
ative, or neutral. In a drug trial of pramipexole, the elementary
movements were reduced, while the complex movements were
unchanged [32]. There also were attempts to classify the move-
ments according to the segment of the body and to the type of
movement, by analogy to the dyskinesia scoring. A simple scale
for RBD assessment was recently published [91]. This scale is sim-
ilar to the dyskinesia scales, differentiating between small distal
movements, proximal movements, and violent behavior with axial
and whole body movements with or without vocalization. A classi-
fication of RBD behaviors needs to be as simple as possible. A blind
assessment of RBD behavioral changes induced by treatment
which is documented by vPSG provides another objective measure
of RBD improvement, together with an EMG analysis and the rating
scales. This videographic analysis could be conducted at special-
ized centers on a subgroup of patients enrolled in the treatment
studies.
10.4. Outline of a therapeutic trial

After a confirmatory vPSG study, potential subjects who may
qualify for the study will be screened and offered enrollment in
the study with written consent. Screenings should include ques-
tions on headache, hallucinations, morning sleepiness, cognitive
slowing or impairment, gait impairment, and falls, at a minimum.

Side effects described by the manufacturers of clonazepam and
melatonin, along with other side effects most commonly reported
in the peer-reviewed literature, should be mentioned in the con-
sent form concerning safety issues. Baseline period should be
around 2–4 weeks and subjects and bed partners will be asked to
complete the CGI. Subjects will be contacted by phone 3 weeks
after the initiation of the study drug to review compliance and side
effects.

On week 0, subjects will be randomly assigned to fixed-dose
therapy with either melatonin 6 mg (or extended-release melato-
nin) or clonazepam 0.5 mg. Subjects will be instructed to take
the medication 30 min before usual sleep time. Study drug will
be dispensed for 6 weeks. Alternatively, a titration protocol could
be developed (refer to previous discussion).

During the week six visit, outcome measures will be collected.
Study drug will be dispensed for an additional 6 weeks. If RBD
symptoms were not frequent enough during the first two weeks,
baseline period will be extended for additional 2 weeks.

On the week 12 visit, subjects will return their CGIs from the
previous 6 weeks, and another CGI will be distributed to be com-
pleted after another 2 weeks. Subjects will not take study drug
after this visit. For safety reasons, the drug should be tapered. On
week 14, this will be the final visit; during this visit subjects will
return CGIs.
10.5. Primary outcome measure

CGI will reflect a change in frequency and severity of RBD from
baseline to 12 weeks as assessed by the patient and bed partner.
10.6. Secondary outcome measures

10.6.1. Efficacy
The level of efficacy will reflect changes in the secondary out-

come measures, as previously described, from baseline to
12 weeks.
10.6.2. Safety and tolerability
Safety and tolerability are measured by the number of subjects

who complete their assigned dose of study drug and the
subjects with adverse events (and classify the type and severity
of events).
11. End points for neuroprotective (i.e., disease-modifying)
trials in RBD

11.1. Lessons from PD

The ultimate goal of clinical studies in RBD is the performance
of disease-modifying or neuroprotective trials. So far no compound
with convincing evidence of a neuroprotective efficacy has been
identified in PD, including dopamine agonists [92]. This failure
may be partially due to the selection of primary end points or
the respective study design. There are arguably three key studies
in the field of disease modification of PD, including the DATATOP
(Deprenyl and Tocopherol Antioxidative Therapy for Parkinson
Disease) clinical trial, the ELLDOPA (Earlier vs Later Levodopa Ther-
apy in Parkinson Disease) study, and the ADAGIO (Attenuation of
Disease Progression with AZILECT� [rasagiline] Given Once-daily)
study [93–95].

The primary end point in the DATATOP study was the time to
administration of levodopa in de novo PD patients, which was
considerably delayed in the selegiline arm. However, this study
did not take the symptomatic efficacy of selegiline into account.
The primary end point in the ELLDOPA study was the change in
the total UPDRS score after a 2-week washout of levodopa. This
study has been criticized because of the short washout phase of
the study compound. The primary end points in the ADAGIO
study also were based on the total UPDRS score. This trial em-
ployed a delayed-start design to prevent a bias according to the
symptomatic efficacy of rasagiline. However, the results of this
study were inconclusive, as all end points were met for the dos-
age of 1 mg but not for the dosage of 2 mg daily. It can be
hypothesized that the study data were influenced by a wash-in
effect due to a continuing increase in symptomatic efficacy of
rasagiline after 12 weeks.

The majority of disease-modifying and neuroprotective trials
in PD used clinical end points, namely the UPDRS score or the
time to administration of levodopa. Several studies employed a
surrogate marker (i.e., the tracer uptake in dopamine transporter
imaging as primary end point). However, it has been argued that
the investigated study compounds influenced the expression level
of the dopamine transporter and that dopamine transporter
imaging (DAT) therefore is not a valid surrogate marker for dis-
ease progression in PD. However, this statement does not refer
to DATATOP, ADAGIO, or ELLDOPA but rather refers to studies
using pramipexole or ropinirole. This topic was discussed by
Wooten [92].

DAT scan can be used as a biomarker of neuroprotection in a
study with iRBD patients, based on the findings of Iranzo et al.
[17] on reduction of nigrostriatal content over time in iRBD pa-
tients not taking dopaminergic drugs. Predictors of imminent par-
kinsonism in newly diagnosed iRBD patients, as described in the
aforementioned study [17] and in the other recent study by Postu-
ma et al. [18], offer hope that the timeline of neuroprotective stud-
ies can be relatively short (i.e., 5 y) in tandem with the hope of
identifying an effective neuroprotective agent. A main concern
for any neuroprotection study involving iRBD patients is enrolling
too many patients who either do not have an underlying neurode-
generative disorder, or who are too early in their disease that they
will not show cognitive or motor signs for 10–20 years. Therefore,
DAT scans should be used at screening so that any iRBD patients
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with abnormal findings can be enrolled, as they are most likely to
have an underlying disease and convert over a 5-year span. DAT
scans should be repeated after 3–5 years to gain insights into rate
of change.

The most obvious clinical end point for neuroprotective trials
in RBD seems to be the time to conversion from RBD to more
overt neurodegenerative disorders such as PD, DLB, or MSA. How-
ever, the development of MCI was far more common than PD in a
recent study [29], so a good cognitive assessment battery needs
to be utilized along with expertise in diagnosing MCI. Although
patients with MCI are at risk for neurodegenerative disorders,
MCI is not a neurodegenerative disorder. Additionally, to date
the clinical evolution of iRBD patients with MCI is unknown.
MCI has considerable variability, and there are no validated MCI
criteria in iRBD. Therefore, the development of MCI should not
be an end point in these studies, but rather the development of
parkinsonism or dementia. In neuroprotective trials, the study de-
sign should allow for a sufficiently long washout phase to deter-
mine if the study compound could possibly exert a symptomatic
effect on PD motor symptoms. The same process applies to the
expression levels of surrogate markers such as the dopamine
transporter if the time to conversion is to be replaced by a
time-wise more pragmatic primary end point. Apart from that,
it will be interesting to discuss if future study designs should
integrate regression-based modeling approaches as recently pro-
posed [96].

Currently, there are no reliable data regarding the percentage of
PD with and without RBD, and we do not know if different sub-
types of PD can be classified according to PSG results. Because pro-
spective trials are not available to date, we are not able to say if
RBD during the neurodegenerative process is a biomarker itself
for neurodegeneration or if it is just a biomarker for a specific sub-
type of PD. Alternatively, there could be subtypes of PD with RBD
and without RBD that will not reflect the amount of neurodegener-
ation. Also, some PD patients and their spouses report improve-
ments of RBD during the course of PD, but this has not yet been
objectively verified due to a lack of systematic prospective serial
PSG studies.

In regard to biomarkers, critical aspects of any neuroprotective
study, as mandated by the Food and Drug Administration in the
United States, include: (1) global improvement or stability in
regards to Activities of Daily Living, cognition, motor, and other
functions; and (2) one or more biomarkers being steady or
more slowly evolving in treated vs untreated subjects. The most
appealing imaging biomarkers thus far include DaTscan,
MRI-diffusion tensor imaging, magnetic resonance spectroscopy,
transcranial sonography, and others. These imaging biomarkers
are critical not only to identify those patients at short-term risk
for conversion to MCI or parkinsonism, but also for monitoring
patients over time.
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Notes added in proof

1) In late 2013 the American Academy of Sleep Medicine will
publish the third edition of the International Classification
of Sleep Disorders (ICSD-3), which will contain updated
diagnostic criteria for RBD that can be utilized in the studies
proposed in this manuscript.

2) Another study by the IRBD-SG has recently been published
[97].

3) A pertinent study on clonazepam and melatonin therapy of
RBD has recently been published [98].

4) A pertinent study on the REM atonia index has recently been
published [99].
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