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Objectives: To develop a polysomnographic video-based
scale for rating the severity of REM sleep behavior disorder
(RBD), to classify the severity of RBD and to determine the
intraindividual variability of RBD in patients with Parkinson dis-
ease (PD).

Methods: Twenty PD patients identified with RBD were inves-
tigated with video-supported polysomnography (PSG). Seven-
ty-three motor behavior events during REM sleep were graded
visually and polysomnographically on an event-to-event basis
according to categorical location of movements: “0” = no visible
movement; “1” = slight movements or jerks “2” = movements
involving proximal extremities, including violent behavior; “3” =
axial involvement including bed falls. Vocalizations were rated
as “1” for present or “0” for absent. Ratings were performed
by 2 blinded raters. Reliability was calculated with Cohen’s k.
Final RBD severity was determined by the highest score given.
This rating scale was then used to compare RBD severity and
density, calculated as RBD episodes per REM sleep minute
over 2 consecutive nights in 10 additional PD patients with
RBD. Statistical significance was determined by effect size

Results: Interrater reliability of the scale was 0.8 for move-
ment data and 0.89 for vocalization data. Intraindividual RBD
density varied significantly (effect size 0.5 + 0.22; confidence
interval 0.2 to 0.79) by factor 2.5 between the 2 PSG nights.
Final RBD severity score differed in 60% of patients between
nights 1 and 2. Forty percent of patients showed violent behav-
ior, but only on one night. All patients had severely disturbed
sleep with reduced sleep efficiency, loss of slow wave sleep,
sleep fragmentation, and an increased periodic limb move-
ment (PLM) index.

Conclusion: The RBD severity scale (RBDSS) is a reliable,
easy-to-use tool for assessing motor events during REM sleep
with PSG. Severity and phenomenology of RBD shows a sig-
nificant variability in the individual PD patient.
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(Hedges’ g) and calculation of the confidence interval. for clinical routine. J Clin Sleep Med 2011;7(1):75-80.

he International Classification of Sleep Disorders (ICSD-2)

defines REM sleep behavior disorder (RBD) as REM sleep
without atonia (RWA) plus either sleep related injuries, poten-
tially injurious or disruptive behaviors documented by medi-
cal history or polysomnography.! RBD was first described as
a REM parasomnia with dream-enacting behaviors and loss of
physiological REM sleep muscle atonia,” including vocaliza-
tions, scenic behavior, or violent movements.? In clinical prac-
tice, diagnosis and adequate treatment of abnormal nocturnal
behaviors is of great importance for the well-being of the pa-
tient as well as for care-givers and the family. Moreover, the
correct diagnosis of RBD may enable us in the future to identify
PD patients in the early pre-motor stage of the disease for treat-
ing them with new neuroprotective agents.* We therefore have
to know the clinical variability of RBD in PD and need a clas-
sification of its severity.

RBD in firmly diagnosed moderate to advanced Parkinson’s
disease (PD) patients is frequent and needs to be differentiated
from psychotic phenomena and other distressing sleep-dis-
ruptive symptoms such as nighttime akinesia or periodic limb

BRIEF SUMMARY

Current Knowledge/Study Rationale: The study aims at investi-
gating the phenomenology of REM sleep behaviour disorder (RBD) in
Parkinson'’s disease (PD) patients. For this a polysomnographic severity
scale was developed, rating REM sleep behaviour disorder clinically on
an event-to-event basis.

Study Impact: The newly developed REM sleep disorder severity scale
(RBDSS) is a suitable and valid instrument for assessing RBD in PD.
There is a significant intraindividual night-to-night variability in the ex-
pression of RBD in PD patients, to be considered when evaluating their
nighttime sleep disturbances.

movement disorder (PLMD). Despite careful evaluation of a
patient’s history, including their sleep habits and questioning
of bed partners, clinical diagnosis of the nocturnal disturbance
is often not correct, and calls for video-supported polysomnog-
raphy (PSG), as required for the diagnosis of RBD according
to the ICSD-2.! Various studies have attempted to characterize
and quantify RBD, including electromyographic measurements
of tonic and phasic muscle activity during REM sleep?; differ-
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entiation between simple and complex movements®’; grading
of RBD intensity as mild, moderate or severe®; and qualitative
descriptions of RBD manifestations in video-supported poly-
somnography.” A detailed analysis of the number and types of
motor events occurring during REM sleep uses a complex and
thorough, but time-consuming video classification system.'
Many of these methods may yield interesting scientific infor-
mation about the complex phenomenology of RBD; however,
they do not appear feasible for use in clinical practice or for
comparative studies.

To look into night-to-night variability of RBD and for use in
further comparative studies, we developed a simple video-poly-
somnographic rating scale for RBD to be used in PD patients.

METHODS

Study design

We performed a 2-night PSG in 20 patients who were scored
according to the newly developed RBD severity scale (RBDSS).
All video-based ratings of the RBDSS were performed by 2
independent raters (F S-D, CT) on 2 nights and evaluated inde-
pendently. An interrater-analysis was performed.

The night-to-night variability of 2 consecutive nights was
then analyzed by one rater (F S-D) in a further independent
sample of 10 PD patients with RBD using the same scale.

Patients

For the development of the RBDSS, we selected 20 consec-
utive PD patients who had been diagnosed with clinical RBD
by video-supported PSG from our sleep laboratory. These
patients were part of our inpatient population of PD patients
who had nocturnal sleep problems. Patient pre-selection was
performed by the technician who included only those patients
who showed polysomnographic signs of RBD. Fifteen men
and 5 women, mean age 69 + 5 years (range 57-76), with an
average disease duration of 8 £ 6 years (range 1-28) were
included. Mean Hoehn and Yahr stage was 3 + 1 (range 2—4);
5 patients had cognitive impairment, with Mini Mental Status
Exam (MMSE) score < 26. Patients on nocturnal ventilation
therapy, those treated with benzodiazepines, neuroleptics,
barbiturates, or tricyclic antidepressant medication, as well as
patients with severe dementia (MMSE < 10) were excluded.
Diagnosis of PD was established according to clinical criteria
(UK Brain Bank Criteria), including a > 30% response to le-
vodopa on the Unified Parkinson’s Disease Rating Scale (UP-
DRS) — Part I11."

For investigation of the intraindividual variability of RBD in
PD patients, we selected 10 consecutive PD patients diagnosed
with RBD.! Seven men and 3 women, mean age 68 + 9 years
(range 44—78) with an average disease duration of 12 + 8 years
(range 3-30) were included. Mean Hoehn and Yahr stage was
4 + 1. Three patients had cognitive impairment with MMSE <
26. Criteria for exclusion and for establishing diagnosis were
identical to the first patient population of the study.

All patients in this investigation received their stable PD med-
ication on their PSG nights and gave written informed consent
to participate in this study including the use of video-taping (ap-
proved by the ethical committee of the Arztekammer Hessen).
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Polysomnography

All nighttime sleep recordings started immediately after con-
necting the patient and calibration with lights off at 22:00 and
ended at 6:00 the next morning. Cardiorespiratory PSG (Xeltec:
Excel Tech Ltd; Oakville, Ontario; Canada) was applied includ-
ing bilateral monopolar central EEG with 2 channels, electro-
oculogram (EOG), chin and bilateral tibialis anterior surface
electromyography (EMG), air flow registration, tracheal sound
registration by microphone, thoracic and abdominal belts to
measure respiratory movements, electrocardiogram, and ox-
imetry. All patients were documented with an infrared video
recording synchronized to the PSG. A sleep lab technician
monitored each recording. For the comparative study in the 10
PD patients, 2 consecutive nights were registered and evalu-
ated. Sleep stages, awakenings, leg movements, and respiratory
events were scored visually according to standard criteria.''*!3
Sleep efficiency was defined as total sleep time (TST) / time in
bed (TIB). Quantitative analysis of sleep stages was calculated
as a percentage of TST. The presence of RBD was evaluated
by time-synchronized video analysis in accordance with EEG
and EOQG, in line with criteria established by Schenck et al. and
the ICSD-2."> RWA was determined by the presence of tonic or
phasic muscle activity on the chin EMG with an amplitude at
least equal to the amplitude observed during quiet wakefulness.

RBD Assessment

For the development of the RBDSS, motor events in REM
sleep were rated on a digital scale from 0—3 according to the
localization and severity of movements. No visible movement
but registration of RWA scored as 0, slight movements includ-
ing facial movements, jerks or movements restricted to the dis-
tal extremities scored as 1, movements involving the proximal
extremities, complex and/or violent behaviors scored as 2, and
any axial involvement with a possibility of falling or observed
falls scored as 3; vocalizations were rated as absent, indicated
by “0”, or present, indicated by “1”, for any sound generated
during REM sleep other than respiratory noises. Motor and vo-
calization scores were separated by a full stop. Table 1 com-
piles the complete RBDSS. (See supplementary online videos)
The highest scoring given for each individual patient had to be
present in at least one REM episode to define the final RBD
severity score.

For investigation of the intraindividual variability of RBD,
all RBD episodes during each night were counted and classified
using the RBDSS. RBD density was calculated as the number
of episodes per REM sleep minute. Results of nights 1 and 2 for
all RBD parameters were compared.

Statistical Analysis

Statistical analysis was carried out by an experienced statisti-
cian, using SPSS. For testing the reliability of the RBDSS, all
types of motor behaviors observed during REM sleep in the 20
patients were rated independently according to the aforemen-
tioned criteria. Each rater was blinded to the ratings of the other.
Interrater agreement was evaluated using Cohen’s «,'® which
compares the observed agreement to that expected if the ratings
were independent; k equals 0 when the agreement equals that ex-
pected under independence and equals 1.0 when perfect agree-
ment occurs. Kappa was calculated separately for movement
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evaluation and vocalization. Weighted « was used for movement
evaluation, and unweighted k was used for the vocalization data.

Computation of effect sizes for intraindividual RBD vari-
ability was accomplished using Hedges’ g. The calculation of
Hedges’ g was based on mean and standard deviations.'” The
confidence interval was also calculated.'®

RESULTS

RBDSS

Altogether 73 events were scored according to the RBDSS
criteria. Comparative results of these ratings by the 2 blinded
raters are shown in Figure 1. Cohen’s k was calculated at 0.80
for movement data and 0.89 for vocalization data, showing
good interrater reliability in both categories.'” In cases where
results differed between raters, the events in question were re-
scored together and consensus established for final evaluation.
Final RBD severity score comprised 7 patients with a severity
score of 3.1, 3 patients with a severity score of 3.0, 3 patients
with a severity score of 2.1, 5 patients with a severity score of
2.0, 1 patient with a severity score of 1.0, and 1 patient with a
score of 0.1, showing only RWA and vocalizations.

Intraindividual RBD Variability in 10 PD Patients

RBD density ranged between 0 (only RWA) and 0.72 epi-
sodes per REM minute. Intraindividual RBD density between
night 1 and 2 varied by a factor of 2.5 (range 1.4-3.9). Mean
effect size was calculated at 0.5 (£ 0.22), showing a medium ef-
fect size. The confidence interval was calculated at 0.2 to 0.79,
which is defined as statistically significant. Overall RBD sever-
ity ranged from 0.0 (RWA) to 3.1 with violent behavior and
risk of bed falls. Final RBD severity score on nights 1 and 2
differed in 6/10 patients (60%) concerning motor events and/or
vocalization criteria. Four of 10 patients (40%) showed violent

RBDSS in Parkinson’s Disease

behavior; however, this was observed only on one night. The
number of REM periods per night ranged from 1 to 6, showing
an intraindividual difference between the 2 consecutive nights
in 6 of 10 patients (60%) by a factor of 1.9. (See Table 2)

Sleep Analysis
The 20 PD patients in the RBDSS validation study showed
severely disturbed sleep with sleep efficiency of 66% = 17%

Table 1—REM sleep behavior disorder severity scale
(RBDSS) (See supplementary online videos)

Motor Events

0. = no visible motor activity, RWA present
Only definition criteria of RWA according to ICSD are fulfilled,
no other phasic muscle activity in the limbs or face is visible or
obvious on recording.

1. = small movements or jerks
Isolated, single hand or foot movements or facial jerks visible,
restricted to the distal extremities and/or face.

2. = proximal movements including violent behavior
Single movements or series of movements including proximal
extremities, no change of position.

3. = axial movements including bed falls
Movements with axial involvement and/or change of body position,
falls.

Vocalizations

0. = no vocalization
Snoring with some sound may be present and should be
differentiated from REM-associated vocalization.

1. = all sleep associated sounds other than respiratory noises
Talking, shouting, murmuring, laughing or screaming, either tonic
or phasic, are present during at least one REM episode.

ICSD, International Classification of Sleep Disorders; RWA, REM sleep
without atonia

Figure 1—REM sleep behavior disorder (RBD) severity scale (RBDSS) ratings for 73 RBD episodes in 20 Parkinson’s disease

patients by 2 blinded raters
30
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Table 2—REM sleep characteristics in 10 Parkinson disease patients with REM sleep behavior disorder on 2 consecutive nights

Disease

Patient Age duration Sleep efficiency % REM % TST No. REM episodes RBDSS diagnosis RBD density
yrs. yrs night 1 night 2 night 1 night 2 night 1 night 2 night1  night 2 night 1 night 2

1 72 13 81.1 72.8 16.8 19.4 6 3 2.1 2.0 0.197  0.281
2 65 9 76.6 75.0 19.5 9.7 3 6 3.0 1.0 0.249  0.125
3 73 10 75.1 50.8 8 5.3 1 1 31 1.0 0.072 0272
4 68 22 65.2 72.8 21.7 10.2 3 2 3.1 3.1 0.196  0.386
5 73 7 40.6 491 20.6 22.3 2 2 1.0 1.0 0.254  0.082
6 44 11 87.1 70.7 9.0 241 3 2 2.1 3.1 0.366  0.197

7 68 14 63.7 56.9 35.7 42 2 2 3.1 0.0 0.214 —
8 66 30 50.5 68.8 25 7.3 1 1 3.0 2.0 0722 0212
9 78 3 40.3 66.3 9.7 10.8 1 2 2.1 2.1 0.258  0.066
10 72 5 52.0 779 13.7 13.4 2 5 2.1 2.1 0.186  0.129

RBD density was calculated as the number of RBD episodes per REM sleep minute. PD, Parkinson’s disease; RBD, REM sleep behavior disorder; TST, Total

sleep time; RBDSS, RBD severity scale.

(mean + SD). Disruption of physiological sleep cycles was evi-
dent with a loss of slow wave sleep and a consecutive increase in
sleep stages 1 and 2. Sleep stage distribution calculated as a % of
TST was 32% + 1% in stage 1, 41% + 16% in stage 2, 5% + 10%
in slow wave sleep, and 22% + 12% in REM sleep. Patients had
an average of 3 + 1 (range 1-5) REM episodes per night, with an
average REM latency of 95 + 92 minutes. Increased sleep frag-
mentation became manifest in an average of 39 + 25 awakenings
per night, and a PLM index average of 34 + 33 per hour. Previ-
ously unknown sleep disordered breathing (SDB) with a respira-
tory distress index (RDI) > 5 was detected in 11 patients (55%).

Results from the 10 PD patients for the comparative RBD
study showed a similar pattern of impaired sleep architecture:
Mean sleep efficiency was 65% + 14%. Sleep stage distribution
calculated as a % of TST was 27% + 10% in stage 1, 52% =+
11% in stage 2, 7% = 7% in slow wave sleep, and 15% £ 9% in
REM sleep. Patients had an average of 3 + 2 (range 1-6) REM
episodes per night, with an average REM latency of 140 + 90
minutes. All patients had increased sleep fragmentation, with
an average of 33 + 14 awakenings per night. PLM index aver-
aged 23 £ 33 per hour. Previously unknown SDB with a RDI >
5 was found in 4 patients (40%).

DISCUSSION

In this study of RBD in PD patients, we first developed and
evaluated a polysomnographic severity scale for rating RBD in
PD patients to better describe the different phenomena of RBD.
We then used this scale to investigate the night-to-night vari-
ability of RBD in the individual patient.

For the RBDSS, a good to excellent interrater reliability
could be established. For practical reasons, we defined the fi-
nal RBD severity score according to the most severe episode
seen during the sleep recording. Accordingly, 50% of the PD
patients showed RBD with the highest severity score of 3.- in-
volving axial movements, bed falls being prevented by the use
of bed railings at the patients’ request in two cases. Proximal
limb movements defined a RBD severity score of 2.- in 40%
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of the patients. Only 10% of patients showed slight movements
or only jerks during two nights of recording. In this study we
were not able to confirm the frequent occurrence of purposeful
behaviors as described by de Cock et al.”

A scale using simple phenomenological categories such as
localization of movements—distal, proximal, or axial—and the
presence or absence of vocalizations, is easy to perform on an
event-to-event basis while evaluating standard PSG. Also, the
scale allows estimation of the risk for potentially harmful be-
haviors. Falling out of bed when axial movements are present
and injuring the bed partner in case of proximal limb move-
ments are major risks for PD patients.

One potential limitation to the scale tested here is that move-
ments may be missed or not scored accurately because they
are hidden by the blanket or not recorded on the video. Also,
differentiation between vocalizations, i.e., grunting and respi-
ratory noises can be difficult, especially if the patient snores.
Actually, these difficulties accounted for the interrater variabil-
ity in this study and cannot be solved, because patients will not
tolerate sleeping without a blanket or in a fixed position where
the face is constantly in the focus of the camera. However,
standard PSG will pick up muscle activity in the chin and tibi-
alis anterior muscles, thus permitting the calculation of RWA
as a prerequisite for the presence of RBD. For treatment deci-
sions, minor movements or quiet REM related noises appear
negligible, as they do not endanger the patient or bed partner.
Also, for optimal evaluation of each patient, the bed partner’s
history of nocturnal disturbances should possibly be added to
the scale. Unfortunately, this was not feasible in this study, as
many PD patients of this age group do not live with a spouse,
or the spouse is already sleeping in a separate room because
of the nocturnal disturbances. Future studies and increased
awareness of RBD may help to improve this situation.

It is however, still an open question as to whether patients with
mild RBD and only slight movements may develop violent be-
havior on other nights, or if this pattern remains stable over time.

Methods for characterization of RBD published so far are ei-
ther verbally descriptive,®®—and thus subject to interpretation
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influenced by personal and/or cultural aspects—, require elabo-
rate electromyographic measurements,® or call for extremely
detailed video-based analysis of nocturnal motor events ac-
cording to duration, complexity, and topographical distribu-
tion.' Although the study by Frauscher and coworkers yields
interesting information on the characteristics of motor events in
RBD, and may thus be relevant for scientific questions, it was
not designed for the daily routine of a clinical sleep lab.

In the second comparative step of this sleep lab study, RBD
shows a distinct intraindividual variability in 10 PD patients
concerning overall occurrence as well as phenomenology.
As sleep efficiency, the percentage of REM sleep, and total
number of REM phases varied considerably in the individual
patient between the two nights investigated, we calculated a
somewhat arbitrary parameter of RBD density as the num-
ber of separate RBD episodes per REM sleep minute. Thus,
we could demonstrate that not only does the quality of RBD
described by the RBDSS score and the occurrence of violent
behaviors during RBD episodes differ significantly in the in-
dividual patient from night to night, but that the quantity of
RBD also differs significantly. To our knowledge, this is the
first study showing that the expression of RBD varies in the
individual PD patient.

These results cannot be attributed to pharmacological influ-
ences, as medication was kept constant in both PSG nights.
There is, however, a need to consider the influence of treat-
ment on the variability of RBD and longitudinal evolvement of
RBD in PD. In this study, all patients showed other hallmarks
of neurodegenerative disease in sleep such as sleep fragmenta-
tion, loss of slow wave sleep, and increased PLM indices.?"*?
Whether the intraindividual variability of RBD demonstrated
here is also present in preclinical and early stages of PD, or if
it evolves with the progressive destruction of sleep cycles over
time,” remains open. Only one patient of the cohort of 10 PD
patients was in an early stage of the disease with a disease du-
ration < 5 years. Interestingly, 15 of the 30 patients (50%) were
diagnosed for the first time as having SDB, which is in agree-
ment with the incidence mentioned in the literature.?* Personal
observations during PSG evaluation point to the possibility
that apnea with oxygen desaturation may actually trigger RBD
episodes. Abnormal motor behavior during apnea-induced mi-
croarousals in REM sleep following oxygen desaturation due
to obstructive sleep apnea/hypopnea has been described previ-
ously in non-PD individuals and interpreted as motor behavior
mimicking RBD.* This however requires further investigation
in PD patients. Factors determining the clinical spectrum of
RBD are presently not fully understood. Dream content seems
to have an influence, as movements in REM are often con-
gruent with the patient’s dream recall.> However, this was not
investigated in this study. Also, little to nothing is known on
how dreams are created and which factors contribute to dream
content in PD patients.

Recent studies imply that RBD is not only a preclinical man-
ifestation of PD and other neurodegenerative diseases,’*® but
it is also associated with cognitive impairment and an akinetic
rigid subtype of PD.*-! If RBD is to be used as a biomarker
for pre-motor diagnosis of PD, variability of RBD phenomena
has to be considered—calling for several nights of PSG in order
not to miss the diagnosis.

RBDSS in Parkinson’s Disease
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