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Study Objectives: Rapid eye movement (REM) sleep behavior disorder
(RBD) was described more than 2 decades ago, but only 1 report on 5 pa-
tients and 5 normal subjects has tested the effectiveness of a method by
which relevant polysomnographic findings can be quantified. We sought to
validate this method in a larger sample of patients and control subjects.
Design: Cross-sectional.

Setting: Academic hospital.

Interventions: A clinician interviewed 17 patients at risk for RBD sec-
ondary to neurodegenerative disorders and 6 controls to assess whether
RBD was present by history. Bed partners completed a questionnaire that
quantified RBD symptom severity. From 2 consecutive nocturnal studies
in each patient, 2 different polysomnographic RBD scores were gener-
ated: the percentage of 30-second REM epochs with at least 15 seconds
of tonically maintained electromyographic activity, and the percentage
of 3-second REM mini-epochs that contained phasic electromyographic
bursts.

Measurements and Results: The tonic and phasic measures, combined
together, were higher in patients with clinical determinations of probable
or possible RBD (n = 9) than in patients judged unlikely to have RBD (n
=14, P = .023). The overall polysomnographic measure correlated with
the symptom scores (rho = 0.42, P = . 048). Specific polysomnographic
RBD measures on night 1 correlated highly with those on night 2 (rho >
0.70, P <.0001).

Conclusions: This quantitative method to assess the severity of RBD
polysomnographic features appears to be both valid and reliable in pa-
tients at risk for RBD because of neurodegenerative disorders.
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INTRODUCTION

RAPID EYE MOVEMENT (REM) SLEEP BEHAVIOR DIS-
ORDER (RBD) WAS FIRST DESCRIBED MORE THAN 2
DECADES AGO.! THE CHRONIC FORM HAS been associated
with some neurodegenerative disorders and may be a harbinger
for a-synucleinopathies.?* The RBD can precede the onset of the
clinical manifestations of a neurologic disorder by many years,
as shown in a study involving 38% of subjects diagnosed as hav-
ing idiopathic RBD 10 years earlier. The underlying cause of
RBD remains unknown, but it has been associated with central
dopaminergic deficits.’ The disorder is characterized by intermit-
tent loss of REM sleep electromyographic (EMG) atonia and by
the appearance of elaborate motor activity associated with dream
mentation.’ Clinical manifestations include violent or injurious
behavior, potentially harmful sleep behavior, dreams that appear
to be “acted out,” or sleep behavior that disrupts sleep continuity.
Polysomnographic manifestations include excessive tonic or pha-
sic EMQ activity during REM sleep.

Iranzo recently suggested that the diagnosis of RBD can be
missed when clinical evaluation consists only of history without
sleep medicine consultation and polysomnography.” The availabil-
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ity of a validated method to quantify REM sleep without atonia
could benefit both clinical practice and sleep research. A single
report by Lapierre and Montplaisir on 5 patients and 5 normal
subjects provides a method by which relevant polysomnographic
findings might be quantified.® This RBD polysomnographic scor-
ing method (RPSM) involves scoring of EMG phasic bursts and
tonic EMG elevation during REM sleep. The RPSM differenti-
ates RBD patients from controls, though validity data are limited
to this initial small sample. Another approach has been proposed
to capture shorter tonic increases in muscle activity and activa-
tion of limb muscles, in addition to those of the chin, but even
here timeframes have been chosen arbitrarily according to the au-
thors, and the validity of the approach has not been specifically
tested.’ Thus, we and other authors have used the original RPSM
approach in RBD research,>'®!! but still none have provided ad-
ditional data to validate the method. We now provide new data on
the validity of the RPSM in a sample of RBD patients and control
subjects. The patients had neurodegenerative diseases that placed
them at risk for RBD.

METHODS
Subject Selection

We studied patients with diagnoses of multiple system atrophy
(MSA),"? Parkinson disease (PD)," dementia with Lewy bodies
(DLB)," progressive supranuclear palsy (PSP)," and sporadic ol-
ivopontocerebellar atrophy (OPCA).'® Diagnoses were made by
board-certified neurologists who specialize in neurodegenerative
disorders. The patients were volunteer participants in a National
Institutes of Health-funded study of RBD in the a-synucleinopa-
thies, including MSA, PD, and DLB. They were recruited from
the ataxia, movement disorders, and cognitive disorders clinics at
the Department of Neurology, University of Michigan. Subjects
were recruited sequentially from these clinics if they met criteria
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for diagnosis; indicated interest in the research study; and signed
a consent form or, if demented, had a consent form cosigned by
the next of kin or legal guardian. The patients had not previously
been referred to a sleep disorders center, and the consultation with
sleep experts was included as part of their study. Patients with
PSP were included to have a group of patients with a neurode-
generative disorder causing parkinsonian symptoms unassociated
with RBD, for comparison with the MSA, DLB, and PD patients.
For comparison to patients with neurodegenerative disorders, we
studied normal control subjects with a similar age and sex distri-
bution. The controls were individuals not genetically related to the
patients but still interested in participating in the study. Control
subjects had no neurodegenerative disease. They were recruited
from the community and not specifically selected for any sleep
complaints. For the most part they shared the same environment
as the subjects (significant other, friend, church member, etc.).
The Institutional Review Board of the University of Michigan
approved this investigation, and all participants provided signed
informed consent.

Clinical Interview

Subjects were admitted to the General Clinical Research Cen-
ter Sleep Disorders Laboratory, where they underwent a complete
history and physical examination. A comprehensive evaluation of
their sleep history was performed by either of 2 neurologists who
are each diplomates of the American Board of Sleep Medicine
and the American Board of Psychiatry and Neurology. Based on
the International Classification of Sleep Disorders (ICSD) entry
for RBD,¢ the physicians generated an overall clinical impression
of whether the likelihood of RBD was probable, possible, or un-
likely. Because evidence-based definitions of these states do not
exist, this rating represents a Likert scale only. In general, patients
with a history of frequent, clear dream enactment were rated as
“probable,” those with no history of such episodes as “unlikely,”
and those with behavioral episodes that were not clearly repeated
dream enactment were rated as “possible.” At the time of the in-
terview, the clinicians were masked to questionnaire and poly-
somnographic results but not to any medical history.

Questionnaire Information

All subjects received a questionnaire to be completed by the
bed partner. Symptom items reflected each criterion listed in the
ICSD (Table 1). When no partner was available, the subjects
themselves were asked to complete the questionnaire. Responses
for symptom items, which had different numbers of response lev-
els in some cases, were expressed as a proportion of the maximal
item value: each response therefore varied from 0 (denied) to 1
(fully endorsed). For example, a response of 2 on item E was con-
verted to a value of 0.50, whereas a response of 2 on item B was
converted to a value of 0.25. The average score on all question
items then was used as the overall RBD symptom score.

Sleep Studies

All subjects were studied on 2 consecutive nights with labora-
tory-based polysomnography (PSG). Digital recordings included
electroencephalogram (C3-A2, C4-Al, O1-A2, O2-Al by Inter-
national 10-20 system), chin EMG, electrooculogram, electro-
cardiogram, snoring, respiratory effort using piezoelectric belts
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Table 1—Questionnaire That Bed Partners Used To Rate The Se-
verity of RBD

ICSD Scale Question item

Criterion

A 1-5 My bed partner has a problem with violent
or injurious behavior during sleep

B 1-5 My bed partner moves his/her arms, legs,

or body during dreams

C-1 1-5 My bed partner’s behavior during sleep is
harmful or potentially harmful

C-2 1-5 My bed partner appears to act out dreams

C-3 1-5 My bed partner’s behaviors during sleep
disrupt his/her sleep

D 1-4  How much discomfort does your bed part-
ner’s behavior cause you?

E 1-3  What is the duration of your bed partner’s

symptoms?

RBD refers to REM (rapid eye movement) sleep behavior disorder;
ICSD, International Classification of Sleep Disorders. Scales for
items A-C3 ranged from (1) never to (5) nightly; for item D, from no
discomfort (1) to severe discomfort (4); for item E, from less than 1
month (1) to more than 6 months (3).

over the chest and abdomen, and airflow at the nose and mouth
using thermocouples. We also recorded bilateral surface EMGs
from the arms (with electrodes placed over the forearm extensor
compartment) and legs (with electrodes placed over the anterior
tibialis muscles). We monitored oxyhemoglobin saturation by
pulse oximetry and behavior by continuous video observation.
Experienced polysomnographic technologists masked to patients’
diagnoses applied the electrodes and continuously monitored the
studies.

Scoring

Polysomnographic technologists used 21-inch-high resolution
(1600 x 1200 pixel) computer monitors and standard techniques'’
to score manually all recordings for sleep stages, limb move-
ments and respiratory events. One senior registered polysomno-
graphic technologist masked to patients’ clinical data scored PSG
measures of RBD according to the method described by Lapi-
erre and Montplaisir (RPSM) and used in several recent investi-
gations." Lapierre and Montplaisir have suggested that patients
with RBD could be distinguished from normal control subjects
with 2 measurements: the proportion of 20-second REM sleep
epochs that contain a predominance of abnormally elevated back-
ground chin muscle tone (tonic component), and the proportion
of 2-second mini-epochs (within 20-second REM sleep epochs)
that show bursts of EMG activity (phasic component). The pres-
ent study employed identical measures except that the epochs to
assess tonic activity were 30 seconds in duration (a more widely
used standard), and the mini-epochs to assess phasic activity were
3 seconds in duration. Following the RPSM, each REM sleep ep-
och was scored as tonic or atonic depending upon whether tonic
chin EMG activity was present for more or less than 50% of the
epoch. Following published methods, no particular exclusions
were made when physiologic evidence for REM sleep may not
have occupied the entire epoch, or when an arousal (for example,
after an apnea) occurred during an epoch scored as REM sleep.
After disruption of REM sleep by movement arousals or by arti-

Validation of a Polysomnographic Score for RBD—Consens et al

20z Iudy 01 U0 1s8nB Aq ££280/2/€66/8/82/9101E/do8]S/W00" dNO"olWapEdE//:SARY WOy POPEojumod



Table 2—Summary of Demographic, Diagnostic, and RBD Data

Subject Sex Age,y Diagnosis RBD RBD ICSD-based Medications

polysomnographic  symptom clinical at time of study
score score impression*

1 M 81 PD 11.85 0.59 0 L/C, venlafaxine

2 M 74 PD 59.33 0.62 2 L/C

3 M 68 PD 57.45 0.64 2 L/C, buspirone

4 M 65 PD 14.25 0.59 2 L/C, pramipexole

5 F 52 PD 43.14 0.67 2 L/C, pramipexole

6 F 74 PD 68.19 0.31 0

7 M 60 MSA 50.92 0.52 1 SSRI

8 M 64 MSA 37.36 0.29 0

9 F 48 MSA 5.88 0.41 0

10 M 53 MSA 64.98 0.65 2 SSRI

11 M 65 MSA 59.16 0.21 0

12 F 61 PSP 0.72 0.35 0

13 F 69 PSP 9.14 0.53 1

14 F 76 PSP 9.96 0.35 0 SSRI

15 M 66 DLB 46.29 0.79 2

16 M 78 DLB 12.75 0.59 2 SSRI; L/C

17 F 52 OPCA 1.98 0.28 0

18 F 58 NC 14.78 0.21 0

19 F 49 NC 10.24 0.24 0

20 M 54 NC 2.03 0.21 0 bupropion

21 F 53 NC 5.19 0.28 0

22 F 57 NC 3.64 0.58 0 SSRI

23 F 74 NC 6.23 0.21 0

*Clinical impression: likelihood of REM (rapid eye movement) sleep behavior disorder (RBD) was probable 2, possible 1, or unlikely 0.
PD refers to Parkinson disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; DLB, dementia with Lewy bodies; OPCA,
sporadic olivopontocerebellar atrophy; NC, normal control; L/C, levodopa/carbidopa; SSRI, selective serotonin reuptake inhibitor.

Table 3—Polysomnographic RBD Scores, Along With Component
Scores: Percentage Phasic And Tonic Measures

All subjects RBD Non-RBD T test
subjects* subjects* P value
(n=9) (n=14)
Polysomno-
graphic

RBD Score 25.89 £24.22 39.81 £21.88 16.94+21.85 0.02
Phasic, %  22.10+17.87 29.33+19.10 17.46+16.02 0.12

Tonic, % 29.67+37.53 50.29+41.35 16.42+29.13 0.03
Data are presented as mean + SD.

*REM (rapid eye movement) sleep behavior disorder (RBD) de-
fined by clinical impression of possible or probable diagnosis, based
on definition in International Classification of Sleep Disorders.

fact, the continuation of rapid eye movements, increased motor
activity with erratic behavior, or incongruous vocalizations were
used to identify reemergence of REM sleep if the electroencepha-
logram signal was consistent with REM sleep and alpha frequen-
cies were absent.

Analysis

Data from both nights of observation were used to calculate a
single weighted mean for each of the 2 RBD measures. For ex-
ample, if 60 epochs of REM sleep were recorded on the first night
and 30 epochs on the second night, the first night was weighted
by a factor of 2 relative to the second night. If 20% of the 60 ep-
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ochs recorded on the first night and 50% of the 30 epochs on the
second night were abnormal, the weighted average was (0.2 x 60
+ 0.5 x 30)/(60 + 30) = 0.3 or 30%, and not simply the average
of 20% and 50%, which would have been 35%. This approach
is identical to analyzing the data of the 2 nights as if they were
obtained from 1 long night.

The RBD measure for the proportion of epochs containing el-
evated muscle tone and the measure for the proportion of mini-
epochs containing burst activity were then averaged to obtain an
overall RBD polysomnographic score. This score was used in the
main analyses: nonparametric Spearman correlations that tested
for associations with the RBD symptom score, and ¢ tests that as-
sessed for associations with the ICSD-based clinical impression.
The level of significance was set at P <.05.

RESULTS

We studied 23 patients (12 women) aged 48 to 81 years (mean
63 £ 10 [SD]). Seventeen subjects had neurodegenerative diseas-
es, including 1 with OPCA, 2 with DLB, 3 with PSP, 5 with MSA,
and 6 with PD. Six normal control subjects (5 women) were aged
49 to 74 years (mean 53 + 4). Only 1 control subject had no part-
ner and therefore completed her own questionnaire.

Table 2 lists subject ages, sexes, diagnoses, and scores for each
RBD measure: polysomnographic, symptom-based, and overall
clinical impression. Only 2 subjects were thought by clinicians
to have “possible RBD,” and these subjects therefore were com-
bined with the “probable” group for analyses. The mean RBD
polysomnographic score and component measures are listed in
Table 3.
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Figure 1—The REM (rapid eye movement) sleep behavior disorder
(RBD) polysomnographic score (PSG Score) is plotted against the
International Classification of Sleep Disorders-based clinical impres-
sion of RBD presence (1) or absence (0). Plots show median scores
(midline), mean (cross), and 10", 25", 75" and 90" percentiles.

The polysomnographic RBD score showed an association with
the ICSD-based clinical impression of RBD (¢ test, P = .023; Fig-
ure 1). The tonic component of the overall score also showed an
association with clinical impression of ICSD (P = .031). The pha-
sic component was in the expected direction but was not statisti-
cally significant (P = .122).

The overall polysomnographic RBD score showed a signifi-
cant association with the RBD symptom score (Spearman rho =
0.42, P = .048; Figure 2), as did the separate tonic and phasic
components of the polysomnographic score (770 = 0.49, P =.018,
and rho = 0.43, P = .042, respectively).

The ICSD-based clinical impression of RBD showed a close
association with RBD symptom scores (P < .0001). If a cutoff
of 10 or more percentage points on the polysomnographic RBD
score was used to indicate RBD (as suggested by receiver-opera-
tor curves), the RPSM in comparison with the clinical impression
gold standard showed a sensitivity of 89% and a specificity of
57%.

Each of the 23 subjects had some scored REM sleep on each of
the 2 nights, though the amount ranged from 1.5 minutes to 174.5
minutes. Nonetheless, the tonic, phasic, and combined (averaged)
measures on night 1 correlated closely with the same measures on
night 2 (vho = 0.73, P <.0001; rho = 0.83, P < .0001; and rho =
0.92, P <.0001, respectively).

DISCUSSION

This study of patients with neurodegenerative disorders and
control subjects recruited form the community confirms that
previously proposed, quantitative measures of RBD polysomno-
graphic features are valid markers for the target sleep disorder.
Whether RBD was defined by ICSD-based clinical impressions
or bed-partner symptom ratings, the overall polysomnographic
RBD measure showed an association with the presence of the
disorder and with its severity. Decomposition of the polysomno-
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Figure 2—The REM (rapid eye movement) sleep behavior disor-
der (RBD) polysomnographic score (PSG score) is plotted against
the RBD symptom score derived from bed partner questionnaires

(Quest).

graphic RBD measure into its component parts—tonic and phasic
scores—generated similar results. In addition, the high correla-
tion between polysomnographic RBD measures on nights 1 and
2 reveals little test-retest variability. Together, these results sug-
gest that the Lapierre and Montplaisir approach to quantification
of RBD polysomnographic severity will be a valid, reliable, and
therefore useful tool in clinical practice and research.

The current ICSD does not require polysomnographic evidence
to meet minimal criteria for the diagnosis of RBD.® This supports
our use of sleep-specialist clinical impressions and symptom-rat-
ing scales as “gold-standards” against which polysomnographic
measures were compared. The ICSD is under revision, and the
new entry will require polysomnographic features to confirm the
diagnosis. Nevertheless, these polysomnographic features will
remain, as in the 1992 edition, subjectively determined. A more
quantitative method, such as the RPSM, would help to standardize
RBD determinations between clinical laboratories, research sites,
and polysomnographers at any specific site. Using this method,
the cutpoint of 10% (average of tonic REM percentage and phasic
REM percentage) appeared to be optimal, in our data, to define
findings suggestive of RBD. Further studies with a larger sample
size potentially could more precisely define a cutpoint. Investiga-
tion of many more healthy individuals will be needed to character-
ize the normal range of values generated by the RPSM. However,
in clinical practice, the distribution of polysomnographic RBD
scores is more likely to be unimodal than bimodal, and clinical
judgment based on clinical findings along with laboratory results,
without a strict cutpoint, may be most useful. In research studies,
a well-defined objective cutpoint could help to identify a homog-
enous study sample and improve generalizability of results.

One limitation of the current study is that it did not test inter-
scorer or intrascorer reliability. We noted that an important chal-
lenge in patients with a-synucleinopathies is to initially identify
REM sleep, the first step in the RPSM. In practice, exceptions to
Rechtschaffen and Kales scoring rules'” must be made to score
REM periods with elevated electromyographic tone despite clear
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evidence of rapid eye movements and EEG activity consistent
with REM sleep. We have not determined whether such excep-
tions can be made on a reliable basis by different scorers or upon
rescoring by the same individual. The potential for inadequate
reliability, and the length of time (up to several hours) required
to score nocturnal PSGs with the current technique, suggest that
an automated computer algorithm might provide the best, most
consistent, least expensive, and most generalizable data. No such
algorithm has yet been developed or tested. Another potential lim-
itation arises from combining the percentage of phasic and per-
centage of tonic measures into 1 overall polysomnographic RBD
score. This approach seems logical at this point, when the num-
bers of studied patients remains somewhat limited, but 1 measure
could potentially obscure physiologically informative informa-
tion in the other. Another potential limitation, as in any initial
cross-sectional study, is that results could have been sensitive to
potential confounds, difficult to assess within the current sample
size, such as age, sex, duration of illness, severity of parkinsonian
symptoms, or medication status. Finally, this study sought to con-
firm the validity of a previously proposed methodology, not to
improve it or develop a new approach. This methodology appears
to be effective, but we did not test possible advantages of other
approaches, such as inclusion of limb electromyographic activity®
or videotaped movement analysis’ in the scoring system.

We conclude that the RPSM for quantitative analysis of poly-
somnographic RBD features has both demonstrable validity and
test-retest reliability. Although total numbers of subjects are not
large, the current sample more than triples published validity data
for the technique. Results suggest that the method may be useful in
both clinical and research settings. Optimal cutpoints for research
purposes deserve confirmation, but 10% or more of REM sleep
spent with elevated background EMG tone or phasic burst activity
seems to suggest a diagnosis of RBD. Future work should assess
intrascorer and interscorer reliability, explore the possibility that
automated scoring could simplify the assessment and further im-
prove reliability, and study a larger number of healthy subjects to
examine more precisely what constitutes a normal range of RPSM
results.
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