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Objectives: The video-polysomnographic criteria of REM
sleep behavior disorder (RBD) have not been well de-
scribed. We evaluated the between-night reproducibility
of phasic and tonic enhanced muscle activity during REM
sleep as well as the associated behaviors and vocalizations
of the patients.

Methods: Fifteen patients with clinical RBD underwent two
consecutive video-polysomnographies. The amount of exces-
sive phasic and tonic chin muscle activity during REM sleep
was measured in 15 patients in 3-sec mini-epochs. The time
spent with motor (minor, major, complex, and scenic) or vocal
(sounds, mumblings, and comprehensible speeches) events
was measured in 7 patients during REM sleep.

Results: There was a good between-night agreement for tonic
(Spearman rho = 0.55, p = 0.03; Kendall tau = 0.48, p = 0.01)
but not for phasic (rho = 0.47, p = 0.1; tau = 0.31, p = 0.1)
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excessive chin muscle activity. On the video and audio record-
ings, the minor RBD behaviors tended to occur more frequent-
ly during the second night than the first, whereas the patients
spoke longer during the first than the second night.
Conclusion: The excessive tonic activity during REM sleep
is a reliable marker of RBD. It could represent the extent of
dysfunction in the permissive atonia systems. In contrast, the
more variable phasic activity and motor/vocal events could be
more dependent on dream content (executive systems).
Keywords: REM sleep behavior disorders, phasic chin mus-
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EM sleep behavior disorder (RBD) is a recently described

parasomnia characterized by violent, or potentially violent,
movements during REM sleep, mostly corresponding to enacted
dreams. During sleep monitoring, there is a partial or total loss
of normal muscle atonia during REM sleep.! REM sleep be-
havior disorder predominantly affects elderly subjects without
any other disease (idiopathic RBD) or suffering from various
neurological and neurodegenerative diseases, mainly synucle-
inopathies.” Because the RBD symptoms may indicate a future
neurodegenerative disease such as Parkinson disease, dementia
with Lewy bodies, and multiple system atrophy,? there is a need
for accurate diagnostic criteria for the disorder. In this regard,
the recent diagnostic consensus indicates that a history of sleep
related injurious, potentially injurious, or disruptive behaviors
should be associated with the presence of REM sleep without
atonia.! The latter is defined in practice as excessive sustained
or intermittent elevation of chin electromyographic (EMG)
tone or excessive phasic chin or limb EMG twitching.! How-
ever, the methods for scoring enhanced muscle tone and the
cut-off for abnormal muscle tone were not defined in this classi-
fication. More recently, the measure of tonic muscle activity in
REM sleep was defined as the sum of REM sleep epochs with >
50% of the duration of the epoch having a chin EMG amplitude
greater than the minimum amplitude in NREM sleep.* The en-
hanced phasic chin muscle activity in REM sleep was defined
as the percentage of 30-sec epochs containing > five 3-sec mini-
epochs with bursts of transient muscle activity. A transient mus-

BRIEF SUMMARY

Current Knowledge/Study Rationale: It is not yet determined if a
single night-time video and sleep monitoring are sufficient for diagnosing
REM sleep behavior disorder (RBD). Plus, the night-to-night variability of
chin muscle tonic and phasic activity, as well as movements and vocal-
izations during REM sleep, is unknown.

Study Impact: As the enhanced tonic muscle activity during REM sleep
is a more reliable marker of RBD between nights than the phasic activi-
ties (chin muscle, movements and speeches), it can be used as a marker
of efficacy in future drug trials in RBD. Plus, it shows that one night is
enough for diagnosing RBD.

cle activity was an enhancement of EMG signal > 4 times as
high in amplitude as the background EMG activity, lasting 0.1
to 5 sec. When contrasting muscle activity during REM sleep
in 33 patients with Parkinson disease (with and without RBD)
and 16 healthy controls, it was suggested that 20% of REM
sleep without atonia be defined as abnormal.’ When combining
the tonic and phasic muscle activity, and using mini-epochs of
3 sec instead of 2 sec in 17 patients, Consens et al. found that
a cut-off of 10% is more sensitive to diagnose RBD.® Because
a recent study showed that the amount of tonic muscle activ-
ity during REM sleep predicts the future development of Par-
kinson disease in idiopathic RBD,’ it is important to determine
if one night is sufficient for the diagnosis, or if the sleep test
should be repeated to enhance the accuracy of RBD diagnosis.
The night-to-night variability in tonic and phasic muscle tone is
also an important factor to take into account when calculating
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the power and size of drug or interventions against RBD. When
studying 2 consecutive nights, the tonic, phasic, and combined
muscle activity measured on Night 1 closely correlated with
the same measures on Night 2 in 17 patients at risk for RBD
and 6 controls.® However, an agreement (rather than a correla-
tion) between diagnosis on both nights may be more appropri-
ate to evaluate if one measure is sufficient or not. In a previous
study using 55 patients with RBD, a threshold > 10% enhanced
tonic (or phasic plus tonic) muscle submental activity yielded
a positive diagnosis of RBD in 80% of patients during the first
night.® This percentage was increased to 95% when combining
the polysomnography results with the videos. We aimed to rep-
licate these results in our series of patients with clinically sus-
pected RBD, and to measure night-to-night variability in motor
and vocal behaviors.

METHODS

Subjects

Eighteen patients with RBD underwent 2 consecutive nights
with video- and sleep- polysomnography. Diagnosis of RBD
was confirmed by clinical interview plus video-polysomnogra-
phy and defined as one of the following: a history of sleep re-
lated injurious, potentially injurious, or disruptive behavior; the
presence of REM sleep without atonia; and the absence of EEG
epileptiform activity during REM sleep.! To be included in the
test-retest study, patients had to present > 5 min of REM sleep
time during both nights and to have measurable EMG tone for
at > 95% of REM sleep time. Eventually, 15/18 patients met
these criteria and were included in the study. They had idiopath-
ic RBD (n = 9), idiopathic Parkinson disease (n = 4), and idio-
pathic narcolepsy (n = 2); 12 of 15 (80%) were men. Patients
were 54 to 81 years old, with a mean age of 66.3 + 10.2 years
and a mean body mass index of 26.6 + 4.5 kg/m”. Prescribed
medications included antidepressants (n = 6) and melatonin
(n = 3), unchanged during the 2 nights. No patients were taking
benzodiazepines. The mean score of the group on the Epworth
Sleepiness Scale was 10.0 + 5.2, and 53.3% of the patients had
a score > 10.

Video and sleep monitoring

All patients underwent a video-polysomnography on 2
consecutive nights. The monitoring included the following:
Fpl-A2, C3-A2, C3-Ol electroencephalography; electro-
oculography (2 channels); levator menti and tibialis anterior
muscle electromyography; nasal pressure though a cannula;
tracheal sounds through a microphone; thoracic and abdominal
belts to assess respiratory efforts; electrocardiography; pulse
oximetry; EEG-synchronized infrared video-monitoring; and
ambiance microphone.

Scoring

The sleep stages, arousals, alpha rhythm on EEG, respira-
tory events, and periodic leg movements were scored by vi-
sual inspection according to standard criteria,* with allowance
for scoring REM sleep despite persistence of tonic and phasic
muscle activity, according to the international criteria. Tonic
and phasic muscle activities were quantified during REM sleep
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using the EMG chin channel.’ The periods of REM sleep with a
microarousal or snoring artifact were removed from the analy-
sis. The tonic enhanced muscle activity was scored on 30-sec
epochs. The epochs were scored as tonic when the background
EMG activity was 2 times greater than in stage N3 during >
50% of the epoch. The phasic enhanced EMG activity was eval-
uated in 3-sec mini-epochs during REM sleep, and any burst 4
times greater than the epoch background EMG activity, lasting
between 0.1 and 5 sec, was counted. To be considered as dis-
tinct events, 2 phasic events had to be separated by at least one
second. The phasic REM sleep activity (in percent) was the sum
of all mini-epochs containing enhanced muscle activity, divided
by the REM sleep time. We did not combine the phasic and ton-
ic activities, as they could be superimposed in the same patient,
which would lead to a sum > 100%. We measured the propor-
tion of REM sleep time during which movements and behaviors
were apparent and also noted the type of behaviors. For this
purpose, we scrutinized, second-by-second, the videos obtained
during REM sleep for 7 patients with RBD over 2 consecu-
tive nights. When we observed a movement or a vocalization
(regardless of type, amplitude, and duration), we put a marker
at the start and end of the event and determined the event dura-
tion. Motor events were classified according to complexity as
previously described.'” The behaviors were considered minor
when they were myoclonic or too simple to be noticed by the
bed partner (e.g., finger twitch). They were major when their
amplitude was large or when more than one limb was moving
(e.g., large arm movement or whole body jerk). Complex be-
haviors were behaviors that involved apparent “acting out” of a
dream but were not clear enough to determine the exact mean-
ing of the behavior (e.g., multiple disordered gestures of the
superior limbs). Scenic behaviors were behaviors that involved
“acting out” the dream and were easily understood by the ob-
server (e.g., mimicking the gesture of smoking a cigarette). The
vocalizations were classified according to articulation (sounds,
mumblings, or words). The side of the limb movements was
noted.

Statistics

As no measures were normally distributed, we compared the
measures by Wilcoxon signed rank (with correction for mul-
tiple testing) and tested their agreement between nights by us-
ing the Kendall tau coefficient and the Spearman rho. Data are
shown as mean =+ standard deviation or frequencies (percent-
age). Between-nights change is calculated as the measure dur-
ing the second night minus the measure during the first night (in
absolute value), divided by the measure during the first night. It
is expressed as a percentage.

RESULTS

Night-to-Night Variability of Sleep Measures

As shown in Table 1, the patients had a higher percentage
of N3 sleep during the second night than the first. The sleep
duration, efficiency, sleep onset, and REM sleep latencies, as
well as N1, N2, and REM sleep percentages were not different
between nights. Over the whole group, REM sleep time was
77.9 £ 27.6 min (range 6-118 min) during Night 1 and 77.4 +



Reproducibility of Muscle and Motor Activity in RBD

Table 1—Sleep measures during two consecutive nights in
15 patients with RBD

Individual
night to
night
Night 1 Night 2 change p
Number of patients 15 15
Total sleep time, 403.9+83.1 3854+1312 19+21% 0.8
min
Total sleep period, 542.2 +110.8 529.00 + 110.8 23+16% 0.8
min
Sleep efficiency, % 754 +129  69.1+239 188+18.7% 0.07
Latency to
Sleep onset, min  46.0£40.3  36.1+264 553+546% 04
REM sleep, min  143.1+137.3 131.7+150.1 51+64% 0.2

Sleep stages, % of total sleep time

N1 77454 7155  64+70% 04
N2 481176  474+91  11+8% 09
N3 27+61 2699+793 26+23%  0.03*
REM sleep 211£77  185+89  28+23% 02

REM sleep time,  77.9+27.6  77.4+408 184 +586% 0.7

min

Quantification of tonic and phasic muscle activity

REMsleepwith ~ 459+284  426+26.1 46+44% 0.7
tonic activity, %
REM sleep with ~ 209+5.2 236+59 28+31% 0.1

phasic activity, %

40.8 min (range 18-144 min) during Night 2, which was a non-
significant change.

Night-to-Night Variability of Phasic and Tonic Muscle
Activity during REM Sleep

There was no difference between Night 1 and Night 2 in
terms of percentages of tonic and phasic muscle activity during
REM sleep. There was a 46% between-night change in tonic
enhanced muscle activity and a 28% change in phasic muscle
activity. Figures 1A and 1B illustrate the between-night cor-
relations for tonic and phasic muscle activity.

As indicated in Table 2, the Kendall tau coefficient was
significant (meaning that there was a good between-night
agreement) for tonic but not for phasic activity. Similarly, the
Spearman rho coefficient was significant (p = 0.03) for tonic
but not (p = 0.1) for phasic muscle activity during REM sleep.

Night-to-Night Variability in RBD-Associated Behaviors
and Vocalizations

In the video and audio recordings (Table 3), the RBD-as-
sociated behaviors represented 8.1% + 6% of REM sleep time
during the first night (range: 2% to 19%; 1.4-11.6 min), and
increased (p = 0.4) to 8.7% + 4.9% the second night (range: 3%
to 16%; 1.3-21.0 min), but this change was not significant. Only
0.9% of the time was spent in scenic behaviors, whereas com-
plex and major behaviors were more frequent. There were no
between-night differences in the time and proportion of these

Figure 1—Tonic (A) and phasic (B) enhanced muscle
activity, as a percent of REM sleep time, during Night 1
(x axis) and Night 2 (y axis)
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The correlation lines are indicated in Figure 1A (rho = 0.41, p = 0.1) and
1B (rho = 0.45, p = 0.09).

behaviors. The vocalizations during RBD contained mainly
comprehensible words and sentences, followed by mumbling
and sounds. There were no difference in the frequency of these
vocalizations between the first and the second night, except that
patients tended to speak (with a comprehensible speech) more
during the first than the second night. There was a weak, but
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Table 2—Between-night concordance for RBD-related
measures, as a percent of REM sleep time

Kendall tau Spearman rho

coefficient  coefficient

REM sleep without atonia, % (n = 15)

Phasic 0.31 0.47

Tonic 0.48* 0.55*
Duration of behaviors, % (n =7)

All 0.24 0.21

Minor 043 0.50

Major 0.33 0.46

Complex 0.39 0.50

Scenic -0.28 -0.38
Duration of vocalizations, % (n = 7)

All 0.05 0.28

Mumbling 0.29 0.57

Sounds 0.24 -0.43

Comprehensible speech 0.09 0.05
*p<0.05

Table 3—Comparison of REM sleep behaviors in 7 patients
between Night 1 and Night 2

Individual
night-to-
night
Night 1 Night 2 change pvalue
Number of patients 7 7

REM sleep duration, 74.6+18.6 81.3+57.2 42+29% 0.7
min

Duration of behavior, % of total REM sleep time

Al 81£6.0 87x49 97+183% 065
Minor 36+34 46+28 169+202%  0.06
Major 21+£18 2124 119x189% 07
Complex 1511 1.7+£18 88+76% 0.7
Scenic 09+13 0405 43+£53% 0.4

Duration of vocal type behavior, % of total REM sleep time

All 36+£0.03 3.0+£0.03 173+29%% 0.3
Sound 09+002 06+£0.01 140+29%6% 0.3
Mumbling 12+0.01 15+002 160+£222% 0.4
Comprehensible 15+£001 08£0.01 914 +£2226% 0.06
speech

Behavior laterality, % of total behaviors

Both 52502 500x03 19%21% 0.7
Left 21601 265%02 56x79% 0.7
Right 260+01 235+02 41+36% 0.7

not significant, correlation between nights for the duration of
all types of behaviors, sounds, and mumbling. The time spent
speaking did not, however, correlate between nights (rho =
0.09, p = 0.1). Most limb movements were bilateral, and the
left and right limbs were used as frequently, with no difference
between nights.
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DISCUSSION

In 15 patients with RBD, the rate of tonic enhanced mus-
cle activity during REM sleep remained stable between the
first and second night, with a correlation of 0.48. However,
the percent of phasic enhanced muscle activity and the time
spent with abnormal behaviors and vocalizations during
REM sleep was not reproducible between nights. In particu-
lar, the minor RBD behaviors tended to be more frequent
during the second night, whereas the patients spoke longer
during the first night.

The night-to-night changes in total sleep time and REM
sleep percentage were small and not significant in our sample,
as shown in a previous study of patients with RBD.® These
results suggest that the “first-night effect” is not a problem in
patients with RBD, except for the percent of N3 sleep. This
effect is believed to result from sleeping for the first time with
electrodes in an unfamiliar environment. It is characterized by
a decreased quality and quantity of first-night sleep as indicated
by more stage 1 and intra-sleep wake, paralleled by reduced
sleep efficiency and longer sleep onset latency.'" Although there
are numerous reports that suggest that sleeping at home or in
a hotel room (rather than in the sleep laboratory) minimizes
the first-night effect,' this option of home recording cannot be
offered to patients with suspicion of RBD, as there is yet no
easy means of simultaneously monitoring the behavior with an
infrared video and the electrophysiological measures at home.
The time and percentage of REM sleep is one of the key mea-
sures, as far as the diagnosis of RBD is concerned. Here, the
REM sleep time and percentage were similar between nights,
provided that a minimum of 5 min of REM sleep had been ob-
served during both nights.

There was a moderate change and good agreement in the
percentage of enhanced tonic chin muscle activity during REM
sleep between the 2 nights. This result is important because ton-
ic muscle activity during REM sleep is a widely used measure,
especially in patients with idiopathic RBD, as it can predict
the later development of Parkinson disease.” We found a mean
44% enhanced chin tonic muscle activity during REM sleep in
our series, which is close to percentages reported in other RBD
groups in Western countries,*>*”!* but is double that reported in
an Asian series.® Because the methods for measuring muscle
activities are identical, these differences suggest that Asian
patients have decreased muscle activity during RBD, or that
patients with less severe RBD were included. The stability and
reproducibility of tonic REM sleep muscle activity suggests
that it is a state marker for RBD. It could possibly represent the
extent of the damage (neuronal loss or dysfunction) to the REM
sleep atonia system.

In contrast to the tonic muscle activity, which had a good
(0.48-0.55) night-to-night agreement, the phasic chin muscle
activity changed significantly (with a mean 28% change) be-
tween the first and the second night. This result is different
from a previous study,® which reported nonsignificant differ-
ences for phasic muscle activity between Night 1 and Night 2
in 50 patients with RBD. The mean phasic activity in the RBD
group was, however, lower (9% vs. 22%) than in our sample,
and the agreement between phasic measures was not tested.



The frequency and complexity of behaviors and vocalizations
also varied between nights in our sample, with more time spent
with minor behaviors during the second night than the first, and
longer speeches during the first night than the second. The be-
tween-night reproducibility of behaviors and speeches has not
been tested in other series, to the best of our knowledge. Alto-
gether, these results suggest that the brain systems generating
these phasic activities (chin muscle phasic activity, limb move-
ments, and vocalizations) during REM sleep are more variable
than the atonia system. This finding may suggest that the atonia
system is permissive and damaged in RBD, whereas the phasic
system is executive and dysfunctional, rather than damaged.
Alternatively, the phasic activity during REM sleep may de-
pend on the nature and between-night variability of the dream-
ing process, if one assumes that most dreams are translated into
visible behaviors. It is notable that REM sleep dream content is
highly variable among subjects and between nights.'*

There are several limitations in this study, including a small
sample size (n = 15), especially for behavioral aspects (n = 7),
but these time-consuming, detailed measures of movements
and vocalizations have previously yielded important and repro-
ducible results in samples as small as 5 patients.”!® In addition,
our sample includes patients with various diseases, including
idiopathic RBD and RBD associated with Parkinson disease
and narcolepsy, some of them taking antidepressants. It is a re-
alistic, clinically based sample. The sample size is, however,
too small to allow measuring between-night variability in ho-
mogenous diseases.

In conclusion, enhanced tonic chin muscle activity seems to
be a reliable-measure for RBD diagnosis, whereas enhanced
phasic chin muscle activity as well as motor and vocal behav-
iors during REM sleep are more variable between nights.
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