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Learning Objectives

• To recognize diagnostic criteria for RBD and
their clinical implications

• To understand and discuss the role and value of
questionnaire based instruments to detect RBD

• To appreciate approaches towards video
analysis in RBD

• How to perform polysomnography in RBD
• How to analyze PSG EMG activity in RBD
• Quantitative vs qualitative diagnosis of RBD
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RBD: Diagnostic Criteria
International Classification of Sleep Disorders

ICSD 2

A) Presence of REM sleep without atonia: excessive sustained or
intermittent elevation of submental EMG tone or excessive phasic
submental or limb EMG twitching

B) At least one of the following:

Sleep related (potentially) injurious or disruptive
behaviors by history

Abnormal REM sleep behavior documented during PSG

C) Absence of EEG epileptiform activity unless clearly distinguishable

D) Symptoms not better explained by another sleep disorder, medical,
neurological or mental disorder, medication use or substance use
disorder

ICSD 2, 2005
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RBD: Clinical characteristics

Association of behavior or vocalizations with dreaming

Apparent dream enactment: behavior seems to resemble
dream content

Elaborated dream content

Patient can be awakened easily and is oriented

Episodes usually occur after midnight or more than two
hours after sleep onset.

Large variability of behaviors and vocalizations even in the
individual patient
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Parasomnia our of REM or NonREM?
Differentiating features

RBD

• Mostly elderly patients
• Mostly after midnight
• Behaviors take place while

patien remains in bed
• Eyes closed
• Can be awakened easily
• Dream recall
• Movements occur in bursts,

jerky, not smooth

NR Parasomnia/DOA

• Young patients, onset in
childhood

• Before midnight, or first part
of the night

• Often leaves the bed
• Difficult to arouse
• Amnesia or fragmentary

dream recall
• Normal appearance of

movments
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RBD
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RBD Prevalence

• 0.5 % in the general population
Ohayon 1997
Chiu 2001

• 4.8 % in a sleep laboratory series
Frauscher 2010

• 33 - 46 % in Parkinson disease

Wetter 2001
Gagnon 2002

... Sixel-Döring 2011
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Erkrankung AUTOR N Diagnose basiert auf
Anamnese PSG

RBD

Assoziation mit anderen neurodegenerativen Erkrankungen

SYNUKLEINOPATHIEN
Multisystematrophie Tison 1995

Plazzi 1997
2

39
+
+

+
+

2 (100 %)
35 (90 %)

Pure Autonomic Failure Weyer 2006 3 + + 3(100%)

Lewy Körperchen Demenz Boeve 1998 37 + + 34(92%)

TAUOPATHIEN
Corticobasale Degeneration Kimura 1997

Gatto 2007
Fallbericht
Fallbericht

+
+

+
+

1 (subklinisch)
2 (subklinisch)

PSP Wright 1990 Fallbericht + + 1

Guadeloupean Parkinson De Cock 2007 9 + + 7 (78%)

Alzheimer Demenz
Gagnon 2006 15 + + 1 (11%)

ANDERE
PROTEINOPATHIEN
Chorea Huntington Arnulf 2008 25 + + 3 (12%)

Parkin mutation Kumru 2004
Limousin 2009

10
9

+
+

+
+

6 (60%)
1 (9%)

Parkinson-Demenz-ALS
Komplex (DJ-1)

Lo Coco 2009 2 + + 2

Spinocerebelläre Ataxie 2 Bösch 2006 5 + + 4 (subklinisch)

Spinocerebelläre Ataxie 3 Syed 2003
Iranzo 2003

Fallbericht
9

-
+

+
+

1
5 (55%)
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Erkrankung AUTOR N Diagnose basiert auf
Anamnese PSG

RBD

Epilepsien

Epilepsie bei Patienten > 60
Jahre

Manni 2007 80 + + 10 (12,5%)

Kongenitale Missbildungssyndrom

Chiari Malformation Henriques-Filho 2008 103 + + 23 (22.3%)

Neuroimunologische Erkrankungen

Gullian-Barrè-Syndrom Schenck 1986
Cochen 2005

Fallbericht
13

+
+

+
+

1
8 (61.5 %)

Limbische Enzephalitis Iranzo 2006
Compta 2007
Lin 2009

6
1

Fallbericht

3/6
+
+

+
+
+

5 (38%)
1
1

Narkolepsie Schenk 1992
Nightingale 2005

142
55

+
5/55

+
+

10 (7%)
20 (36%)

Multiple Sklerose Gomez-Choco 2007 135 4/135 + 3 (1,5%)

Zerebrovaskuläre Erkrankungen

Ponsinfarkt Kimura 2000
Xi 2009

Fallbericht
Fallbericht

+
+

+
+

1
1
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29 iRBD aged > 50 after 12.7±7.3 years PS 38% (1996)

Neurology 1996
46:388-93.

Lancet Neurol 2006;
5: 572–77

44 RBD after 11.5 years: 45% PD/DLB/MSA/MCI

R.B. Postuma, MD: J.F. Gagnon, PhD;M. Vendette, BSc; M.L. Fantini, MD; J. Massicotte-Marquez, PhD; J. Montplaisir, MD,PhD

93 Patienten
§ 5-Year Risk 17.7%
§ 10-Year Risk 40.6%
§ 12-Year Risk 52.4% for Parkinson Syndrome or MCI

Neurology 2009;
72:1296–1300
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Interval from onset of RBD to onset of parkinsonism/dementia (n =
21)

• 80.8% (21/26) of patients initially diagnosed with iRBD developed
parkinsonism/dementia after a median interval 14 years

•16 year Update on previous series: 81% after median 14 years
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Questionnaires for RBD
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Objectives: To evaluate the frequency of RBD in a mixed sleep lab population and assess potential
associations.
Methods: Review of charts and PSG reports of 703 consecutive patients.

Patients categorized into those with and without RBD.
Evaluation of associations with concomitant sleep and neurological diagnoses and medications.

Results: 34 patients (4.8%) were diagnosed with RBD (27 m; 7 f, 57.7 ± 12.3 years).
RBD idiopathic in 11 (1.6%), symptomatic in 23 (3.3%) secondary to: Parkinson syndromes
(n = 11), antidepressants (n = 7), narcolepsy/cataplexy (n = 4), pontine infarction (n = 1).

The majority of RBD patients reported RBD symptoms on specific questioning
only, underlining the importance of eliciting a comprehensive sleep history for
the diagnosis of RBD.
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Questionnaires and interview-based instruments to

detect RBD
REM Behavior disorder screening questionnaire (RBDSQ) (Stiasny-Kolster 2007)

10 items with 13 yes/no questions (maximum score possible = 13)
address frequency, dream content, nocturnal movements, injuries to self or bed partner, types of motor
behaviors during the night, nocturnal awakenings, sleep disruption, and the presence of a neurological
disease.

REM Sleep Behavior Disorder questionnaire Hong Kong (RBDQ-HK) (Li 2010)
13 questions, each question is answered on two scales:

lifetime occurrence (don’t know, no, yes) and recent 1- year frequency.
Questions cover: currency and frequency of dreams and nightmares, dream content, vocalizations during
sleep, motor behaviors during sleep, injuries during sleep, sleep disruption.

Mayo Sleep Questionnaire (MSQ) (Boeve 2011)
The MSQ, a 16 item measure, to screen for the presence of RBD and other sleep disorders (PLMs, RLS,
SW, OSA, and SRLC). The MSQ needs responses of patients’ bed partners.

RBD1Q (Postuma 2012)
Single question that queries dream enactment behavior in RBD.
‘‘Have you ever been told, or suspected yourself, that you seem to ‘act out your dreams’ while
asleep (for example, punching, flailing your arms in the air, making running movements, etc.)?’’:

Innsbruck REM Sleep Behavior Disorder Inventory (RBDI) (Frauscher 2012)
5 item questionnaire : Yes/No/Don‘t know; Score from 0=minimum to 1=maximum, easy to apply,
RBD summary question : ‘‘Do you kick or hit during your sleep because you dream that you
have to defend yourself?’’:
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• 54 RBD patients (19 iRBD, 33 narcolepsy, 2 early PD)
• 160 patients without RBD
• 133 healthy subjects (RBD excluded by medical history)

Using a cut-off value of ?Öve points on the RBDSQ, the questionnaire revealed a sensitivity of 96% and a
speci?£city of 56%, correctly diagnosing 66% of subjects with sleep disorders.

In an unselected control group from the general population, the speci?zcity was considerably higher with
92%, leading to the correct diagnosis in 93%.

Mov Disord. 2007;
22(16):2386-93
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• N=107 RBD cases
• N=107 control subjects
• N=6 psychiatric controls

The RBD group had significantly
higher scores for both factor 1
(dream-related items) and factor 2
(behavioral items) than the control
group (p < 0.001).

Sensitivity 82.2%
Specificity 86.9%

Li SX Sleep Med 2010;11:43-48
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Items Overall presence
I can't remember
/ Don’t know

No Yes

1. Do you dream of violent or aggressive
situations (e.g. to have to defend
yourself)?

2. Do you shout, rant or swear during
your sleep? (Note: this does not
include normal sleeptalking)

3. Do you move out of your sleep and
occasionally perform „flailing“ or
more extensive movements?

4. Have you ever injured or nearly
injured yourself or your bed partner
while you were sleeping?

5. Are the above described movements
out of your sleep occasionally or
always in line with the content of
your dreams?

Mov Disord. 2012;
27(13):1673-78

70 patients / 140 controls
5 items had AUC > 0.700
Cut-Off 0.25:
Sensitivity 0.914,
Specificity 0.857,
AUC 0.886
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Mov disord. 2012 Jun;
27(7):913-16

Sensitivity and specificity of the RBD1Q screen

242 patients with RBD and 242 controls.
• 226 screened positive:

sensitivity 93.8%
• 211 controls screened negative:

specificity 87.2%
• Area under the curve 0.905
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http://www.mayoclinic.org/pdfs/MSQ-copyrightfinal.pdf

Mayo Sleep Questionnaire

http://www.mayoclinic.org/pdfs/MSQ-copyrightfinal.pdf
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128 subjects 74% normal controls
23% MCI
3% mild AD

9% diagnosis of RBD

False positives occurred in those with OSA, which is consistent with the known phenomenon
of apparent dream enactment behavior in those with untreated OSA.

Boeve BF J Clin Sleep Med 2013;9(5):475-80
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We suggest that those subjects in whom question 1 of the MSQ is
answered affirmatively by someone knowledgeable about the subject’s
sleep behavior be classified as having “probable RBD” (pRBD).

Based on these data, a history of one or more of the core features of
RBD as reflected on subquestions 1b-1e, adequately differentiates
those with true RBD from those without.

These findings suggest that among older individuals residing in a
community setting with normal cognition or mild cognitive impairment,
the MSQ is an excellent screening tool for the presence or absence of
RBD.

Boeve BF J Clin Sleep Med 2013; 9(5):475-80
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176 subjects 4% normal controls
96% cognitive impairment or dementia (80% MCI, AD or DLB)
48% parkinsonism

+DEB = dream enactment behavior by history and/or PSG is present
+RSWA = rapid eye movement sleep without atonia is present

False positives tended to occur in those with historic and PSG features of OSA, which is consistent with the
known phenomenon of apparent dream enactment behavior in those with untreated OSA

Boeve BF Sleep Med 2013; 12(5):445-53
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Based on these data,

- the history of injuries to the patient as reflected on subquestion 1b,
- a history of most core features of RBD as reflected on subquestions 1b–e,
-or an absence of OSA features as reflected on question 5,

adequately differentiates those with true RBD from those without.

While it could be debated whether a PSG should be performed in all patients who
screen positive on the MSQ for RBD to substantiate the diagnosis of DLB, those who
are deemed appropriate could undergo PSG, and in those in whom a PSG cannot be
performed or justified, at least the suspicion of RBD (i.e., be labeled ‘‘probable RBD’’)
would make the clinician consider LBD as a diagnostic consideration in a patient’s
cognitive decline.

Boeve BF Sleep Med 2013; 12(5):445-53
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Background:
Definitive diagnosis of RBD requires PSG, but that is costly, time intensive, and
often not practical for large-scale studies.
Therefore, a questionnaire-based diagnostic approach was assessed.

Methods:
The patient-administered RBD questionnaire and bed-partner-administered question 1 of
the Mayo questionnaire were prospectively validated.

Results:
75 PD (51 male, 68 HY stages I and II) participated. 48 had a clinical history of RBD.
Sensitivity was 100% (95% CI, 86.3%–100%) when a combination of both questionnaires
was compared with the gold standard of polysomnogram-confirmed RBD.
Sensitivity of the patient questionnaire was highest at a cut off of ?œ6 or 7 with 74.2 %(95%
CI, 55.1-87.5).
Sensitivity of the MQ1 reached 90.3% (95% CI; 74.0-97.5) for the entire cohort.
Among those who achieved REM sleep (n=65), specificity was highest for the patient
questionnaire used alone, at 82.4% (95% CI, 64.8%–92.6%) for the MQ1 it reached 67.6%
(95% CI; 49.4-82.0).

Conclusions:
A combination of patient and bed-partner questionnaires is a useful tool to detect RBD.

Movement Disorders 2013
28(8):1146-9
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Author Name Sens/Spec

Stiasny-Kolster et al., Mov Disord (2007) RBD Screening Questionnaire 96%/56%

Li et al., Sleep Med (2010) RBDQ-HK 82,2%/86,9%

Boeve et al., Sleep Med (2011) Mayo Sleep Questionnaire 98%/74%

Postuma et al., Mov Disord (2012) Single-Question Screen for RBD 93,8%/87,2%

Frauscher et al., Mov Disord (2012) Innsbruck RBD Inventory 91,4%/85,7%

RBD summary question 74,3%/92,9%

Sensitivity and specificity of
currently available RBD questionnaires
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Boot BP Ann Neurol 2012;71(1):49-56

Population-based cohort of cognitively normal 70-
to 89-year-olds, screened with MSQ, follow up
every 15 months.

34% of the pRBD+ group developed MCI/PD
compared to 15% in the pRBD- group.

pRBD + subjects were significantly more likely to be
taking an antidepressant (23% vs 7%; p=0.001).

pRBD confers a 2.2-fold increased risk of
developing MCI/PD within 4 years.
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Most important cut-off values for RBD detection
Authors Investigated

EMG measures
Proposed

Cut-off scores
Investigated

muscles
Epoch

duration
Scoring system

Ferri 2008, 2010 REM atonia index 0.8 chin N/A semiautomatic

Montplaisir 2010 Phasic EMG activity
Tonic EMG activity
Leg movements

15%
30 %
24

chin
chin
tibialis anterior

2
20
N/A

manual scoring

SINBAR
(Frauscher 2012)*

Any EMG activity
Phasic EMG activity
SINBAR EMG activity

Tonic EMG activity
Any EMG activity
Phasic EMG activity
SINBAR EMG activity

18 %
16 %
32 %

10 %
15 %
11 %
27 %

chin
chin
chin + FDS

chin
chin
chin
chin + FDS

3
3
3

30
30
30
30

manual scoring

Legend: FDS, flexor digitorum superficialis. *Note that the SINBAR group provided EMG cut-off values for 6
different muscles. For this book chapter only the most important cut-off values are provided.

Modified from Birgit Frauscher & Birgit Högl
Quality control of RBD diagnosis
in Sleep in Parkinson´s Disease
Videnovic A, Högl B (eds.), in preparation
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Role of the video
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Frauscher and Högl, in: Chokroverty, Allen, Walters, Montagna (eds).
Sleep and Movement Disorders, 2nd ed. 2013
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Frauscher B et al. Mov Disord 2007;22:1664-1670.
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Types of motor events
Violent motor events
Forceful and vehement movements which could
potentially injure a bed partner

Examples

kicking, punching, jumping out
of bed, fighting

Scenic complex behaviors
Apparent “acting out” of dream contents or movements
different from elementary simple events in term of
complexity of action

laughing, crying, singing,
gesturing, searching for
something, chewing,
smacking, grimacing, sitting up
in bed, body rolling

Major jerks / movements
Simple movements of great excursion of the body being
mostly of myoclonic nature

whole body jerk, gross body
movement, raising the arm,
isolated elevation of one leg

Minor motor activity
Small jerky or non-jerky excursions including one body
part that usually would not be noticed by a sleeping bed
partner.

isolated finger twitches, little
toe or foot movements, mouth
openings

Methods
- Video classification -

Frauscher et al. Sleep Medicine (2009) 174–181
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Violent behavior out of REM sleep with REMs
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Conclusions from Video Analysis

Even in severe RBD, most motor events are small and
elementary movements

Violent behavioral events represent the „tip of the
iceberg“

The majority of elaborate and violent motor events of
RBD initiated in REM sleep with REM („phasic REM“),
compared to REM sleep without REM („tonic REM“):
suggesting a gating function of RwR for major
movements, whereas backgound jerking occurs
throughout REM
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MOTOR EVENTS
• 0 REM without antonia only
• 1 small distal movements („elementary simple“)
• 2 proximal muscles involved
• 3 axial movement involved

VOCALIZATIONS
• 0 None
• 1Yes

Sixel-Döring and Trenkwalder, JCSM 2011

JCSM, Vol 7, 2011
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159 early de novo PD patients
110 healthy controls

We identified a significantly higher prevalence of movement events in REM sleep (51%) in
patients with early PD compared to controls (15%), not yet fulfilling the entire spectrum of
violent RBD or classification of RBD according to International Classification of Sleep
Disorders.

Mollenhauer B Neurology 2013
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Sleep, In Press

Objective To analyze potential markers in sleep for early recognition of neurodegenerative disease in newly
diagnosed, unmedicated patients with PD compared to controls.

Methods vPSG in 158 newly diagnosed, unmedicated PD patients and 110 healthy age-, gender- and
education-matched controls (HC).
REM sleep was analyzed for RWA and studied by review of time-synchronized video.
Motor behaviors and/or vocalizations in REM sleep with a purposeful component other than
comfort moves were identified as REM sleep behavioral events (RBE). Two or more events
had to be present to be classified as “RBE positive”. RBE subjects included RBD and non-RBD
subjects based upon the presence or absence of RWA > 18.2%.

Results RBE were detected in 81/158 de novo PD patients (51%) and 17/110 HC (15%) (p<0.001). RBD
was identified in 40/81 RBE positive PD patients (25% of all PD patients) and 2/17 RBE positive HC
(2% of all controls). RBE positive patients showed no specific motor or neuropsychological features
compared to RBE negative patients. PD patients and HC with RBE had more REM sleep (p=0.002)
and a higher periodic leg movements in sleep index (p=0.022) compared to subjects without RBE.

Conclusion This first description of RBE shows it occurs more frequently in de novo PD patients
than in HC and may be an early sign of neurodegeneration and precede RBD. There is
no specific phenotype of PD associated with newly defined RBE or RBD at this early stage.
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PSG Muscle Analysis

http://www.go2pdf.com


Frauscher and Högl, in: Chokroverty, Allen, Walters, Montagna (eds).
Sleep and Movement Disorders, 2nd ed. In press
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M mentalis

M deltoideus

M abductor pollicis brevis

M flexor digitorum superficialis

M biceps brachii

M rectus femoris

M sternocleidomastoideus

M tibialis anterior
M gastrocnemius

M extensor digitorum brevis

Paravertebral Th11/12

M. submentalis

Innsbruck Medical University, Department of Neurology
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TONIC EMG ACTIVITY

PHASIC EMG ACTIVITY

REM sleep behavior disorder
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SLEEP, Vol. 31, No. 5, 2008

Aim: To determine which muscle or combination of muscles (either axial or limb muscles, lower or upper limb
muscles, or proximal or distal limb muscles) provides the highest rates of rapid eye movement (REM) sleep phasic
electromyographic (EMG) activity seen in patients with REM sleep behavior disorder (RBD).

Ment Ster Delt Bic Flex Abd Pasp Lfem Rfem Lta Rta Gast Ext

Mean 41.5 22.0 18.9 18.8 29.1 21.9 6.3 11.1 8.8 16.0 17.4 17.7 22.7

SD 18.4 11.7 10.8 11.2 12.1 11.2 4.6 6.4 6.3 9.6 12.1 8.7 11.9

Min 14.3 5.2 1.7 1.5 5.0 3.4 0.4 2.0 1.6 1.0 0.0 7.1 8.7

Max 70.7 45.1 35.0 37.0 48.5 45.8 17.2 26.0 23.6 31.1 40.0 31.3 42.1

Simultaneous recording of the Ment, Flex and Ext
detected phasic EMG activity in 82 % (mean, 954 mini
epochs) of all the mini-epochs containing phasic EMG
activity (mean, 1033; 95% CI, 770-1295).
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Sleep, Vol. 35, No. 6, 2012

Patients and methods:

30 RBD patients (15 idiopathic, 15 RBD with Parkinson disease)])
30 matched control patients (recruited from patients with

effectively treated sleep related breathing disorders) .

Surface EMG from 11 different body muscles

Analysis in 3 and 30 second epochs:
Tonic, phasic and any muscle acitivity
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Normative EMG Values during REM Sleep for the Diagnosis of REM Sleep Behavior Disorder

Methods

Frauscher, Iranzo and the SINBAR group Sleep (2012)

Analysis of EMG Activity

Tonic
Scored only in the mentalis channel using 30-sec epochs.
Epoch scored as “tonic” when

increased sustained EMG activity was present in more than 50% of the total 30-sec
with amplitude of at least twice the background EMG muscle tone or > 10 ?�V.

Phasic
Epoch divided into 3-sec miniepochs.
Phasic EMG activity defined as any burst of EMG activity lasting between 0.1 and 5.0 sec
with an amplitude exceeding twice the background EMG activity irrespective of its morphology.
Each 3-sec miniepoch was scored as having or not having “phasic” EMG activity.

``Any``
To simplify and to include periods of phasic EMG activity between 5 and 15 sec,
each 3-sec miniepoch as having or not having “any” EMG activity,
irrespective of whether it contained tonic, phasic, or a combination of both EMG activities.
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REM sleep behavior disorder

PHASIC EMG ACTIVITY
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TONIC EMG ACTIVITY

REM sleep behavior disorder
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TONIC EMG ACTIVITY

PHASIC EMG ACTIVITY

REM sleep behavior disorder
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Normative EMG Values during REM Sleep for the Diagnosis of REM Sleep Behavior Disorder

Results (V)

Frauscher; Iranzo SINBAR. Sleep (2012)

Phasic EMG activity ``Any`` EMG activity

RBD patients (n=30) Controls (n=30) RBD patients (n=30) Controls (n=30)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Ment 40.9 ± 19.0 7.3 ± 3.7 66.5 ± 25.2 8.4 ± 4.6

L Ster 14.3 ± 9.7 1.1 ± 1.0 41.7 ± 30.7 1.3 ± 1.2

R Ster 13.6 ± 9.3 1.4 ± 2.5 42.2 ± 31.0 1.8 ± 2.9

L Bic 13.1 ± 8.8 0.5 ± 0.5 17.2 ± 13.7 0.6 ± 0.5

R Bic 13.6 ± 11.4 0.5 ± 0.5 18.0 ± 16.2 0.5 ± 0.5

L FDS 19.8 ± 10.2 2.4 ± 2.4 23.1 ± 14.3 2.5 ± 2.4

R FDS 18.9 ± 8.7 2.2 ± 1.7 22.1 ± 11.3 2.3 ± 1.8

L AT 19.1 ± 11.8 6.8 ± 5.2 19.6 ± 12.2 6.8 ± 5.2

R AT 19.1 ± 12.1 6.9 ± 5.3 19.9 ± 13.2 6.9 ± 5.3

L EDR 17.5 ± 13.5 6.1 ± 3.9 18.1 ± 14.3 6.1 ± 3.8

R EDB 18.9 ± 13.3 6.6 ± 5.0 19.4 ± 14.0 6.7 ± 5.0

Rates of 3-sec miniepochs with phasic and “any” EMG activity
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Normative EMG Values during REM Sleep for the Diagnosis of REM Sleep Behavior Disorder

Results (VI)

Frauscher et al. Sleep (2012)

Boxplot representation of the percentages of different types of mentalis muscle EMG activity (tonic,
phasic, “any”) measured in 3-sec miniepochs in patients with RBD and controls.
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Normative EMG Values during REM Sleep for the Diagnosis of REM Sleep Behavior Disorder

Results (VII)

Frauscher et al. Sleep (2012)

Boxplot representation of the percentages of different types of phasic EMG activity measured in 3-sec
miniepochs in the 4 bilateral limb muscles of the upper and lower limbs in patients with RBD and
controls, and corresponding receiver operating characteristic curves. All muscles were evaluated
bilaterally.
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Normative EMG Values during REM Sleep for the Diagnosis of REM Sleep Behavior Disorder

Results (XII)

SINBAR Sleep (2012)

Boxplot representation and the corresponding receiver operating characteristic curves of the
mentalis muscle EMG activity values measured in 30-sec epochs.

3 or 30-sec analyses ?
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Quantitative diagnosis of RBD:
Cutoff to discriminate RBD and controls

SINBAR EMG cut-off (Mentalis, FDS Flexor digitorum
superficialis muscles l+r): 32% (AUC 0.998)

SINBAR GROUP 2012
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Next steps?
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Automatic detection of RBD

• First algorithms for automatic detection of
RBD have been developed

• Many consider mental EMG signal only
• High quality recording and skillful manual

artifact clearance essential
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Study Objective:
§ To analyze the night-to-night variability of REM sleep electromyographic

(EMG) features of REM sleep behavior disorder (RBD) by using the
automatic quantitative method known as atonia index (AI), and to evaluate
the improvement in sensitivity and specificity of AI for the diagnosis of RBD
when a second recording night is available.

Methods:
§ All participants were recruited retrospectively
§ 17 iRBD (3 f/14 m) 2 non-consecutive nights (time lag 2.5±1.17 years); all

on clonazepam
§ 30 normal controls (15 f/ 15 m) 2 consecutive nights:

− <45 years: 16 subjects
− >45 years: 14 subjects

§ Automatic chin EMG analysis: AI; number of chin EMG activations/h
§ Night to night variability quantified as absolute difference between the 2

nights standardized as the percentage of their mean

J Clin Sleep Med 2013;9(3):253-258
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Results

• Night to night variability of AI higher in iRBD (iRBD vs. Young vs. Aged 19.7% vs. 1,8% vs. 2.8%)
• Variability of chin EMG activations was higher than variability of AI, especially in Aged controls

Sensitivity and Specificity for AI ?�0.9
• Single night: Sensitivity 82.3% (minimum);

Specificity 86.7% (minimum)
• Combined night: Sensitivity 88.9%; Specificity

92.3%
Ferri et al. JCSM2013
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Conclusion

• Night to night variability of AI is very low in
normal controls and < 20 % in iRBD
patients

• Sensitivity and Specificity of a threshold
value of AI ?�0.9 increases only
moderately when a second night is
available.

Ferri et al. JCSM2013
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Authors EMG measure Definition Evaluated
muscle

Validation N subjects
(patients/controls)

Burns 2005 STREAM variance of the EMG signal
per 3 sec epochs

chin manual scoring according to
Lapierre & Montplaisir:
sens 100%, spec 71%

17 / 6

Ferri 2008

Ferri 2010

REM atonia index ratio between the
percentage of EMG mini
epochs with average
amplitude ?z1 µV and the
total mini epochs

index improvement

chin manual scoring according to
Lapierre & Montplaisir:
high correlation (rho>0.75)

31 / 34

49 / 35 + 5 OSAS

Frauscher and Högl in
preparation

SINBAR Tonic, phasic, any Chin, FS validated against manual
scoring

20 / 60

Mayer 2008 Short and long lasting
muscle activity

Short: 0.1-0.5 sec
Long: > 0.5 sec

chin not validated against manual
scoring

48 / 25

Kempfner 2010 Pattern recognition
technique

Advanced signal
processing with a statistical
classifier

chin validated against STREAM:
sens 100 %, spec 100 %

6 / 6

Modified from Birgit Frauscher & Birgit Högl
Quality control of RBD diagnosis
in Sleep in Parkinson´s Disease. Videnovic A, Högl B (eds.), in preparation

Overview of studies with computer-assisted
quantification of REM sleep without atonia

Legend: STREAM, supra-threshold REM EMG activity metric; sens, sensitivity; spec, specificity; PD, Parkinson
disease; sec, second
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Thank you for your attention!
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