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DIAGNOSTIC REM SLEEP WITHOUT ANTONIA THRESHOLDS IN REM SLEEP BEHAVIOR DISORDER

Diagnostic Thresholds for Quantitative REM Sleep Phasic Burst Duration,
Phasic and Tonic Muscle Activity, and REM Atonia Index in REM Sleep
Behavior Disorder with and without Comorbid Obstructive Sleep Apnea

Stuart J. McCarter, BA; Erik K. St. Louis, MD; Ethan J. Duwell, BA; Paul C. Timm, BS; David J. Sandness, BA; Bradley F. Boeve, MD; Michael H. Silber, MBChB
Mayo Center for Sleep Medicine, Departments of Medicine and Neurology, Mayo Clinic and Foundation, Rochester, MN

Objectives: We aimed to determine whether phasic burst duration and conventional REM sleep without atonia (RSWA) methods could accurately
diagnose REM sleep behavior disorder (RBD) patients with comorbid OSA.

Design: We visually analyzed RSWA phasic burst durations, phasic, “any,” and tonic muscle activity by 3-s mini-epochs, phasic activity by 30-s
(AASM rules) epochs, and conducted automated REM atonia index (RAI) analysis. Group RSWA metrics were analyzed and regression models
fit, with receiver operating characteristic (ROC) curves determining the best diagnostic cutoff thresholds for RBD. Both split-night and full-night
polysomnographic studies were analyzed.

Setting: N/A.

Participants: Parkinson disease (PD)-RBD (n = 20) and matched controls with (n = 20) and without (n = 20) OSA.

Interventions: N/A.

Measurements and Results: All mean RSWA phasic burst durations and muscle activities were higher in PD-RBD patients than controls
(P < 0.0001), and RSWA associations with PD-RBD remained significant when adjusting for age, gender, and REM AHI (P < 0.0001). RSWA
muscle activity (phasic, “any”) cutoffs for 3-s mini-epoch scorings were submentalis (SM) (15.5%, 21.6%), anterior tibialis (AT) (30.2%, 30.2%),
and combined SM/AT (37.9%, 43.4%). Diagnostic cutoffs for 30-s epochs (AASM criteria) were SM 2.8%, AT 11.3%, and combined SM/AT 34.7%.
Tonic muscle activity cutoff of 1.2% was 100% sensitive and specific, while RAI (SM) cutoff was 0.88. Phasic muscle burst duration cutoffs were: SM
(0.65) and AT (0.79) seconds. Combining phasic burst durations with RSWA muscle activity improved sensitivity and specificity of RBD diagnosis.
Conclusions: This study provides evidence for REM sleep without atonia diagnostic thresholds applicable in Parkinson disease-REM sleep behavior
disorder (PD-RBD) patient populations with comorbid OSA that may be useful toward distinguishing PD-RBD in typical outpatient populations.
Keywords: REM sleep without atonia, REM sleep behavior disorder, Parkinson disease, obstructive sleep apnea, quantitative analysis, transient/
phasic muscle burst activity and duration, tonic muscle activity, diagnosis, threshold cutoffs, AASM
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INTRODUCTION

REM sleep behavior disorder (RBD) is a potentially inju-
rious parasomnia affecting up to 6% of individuals over the
age of 70.' RBD is characterized by dream enactment behav-
iors accompanied by polysomnographic REM sleep without
atonia (RSWA).2 RSWA is of two types, either phasic/transient
or tonic muscle activity. Several manual and automated RSWA
scoring methods have been previously reported.’'® Recently,
the term “any” muscle activity, which comprises phasic, tonic,
or duration of muscle activity that does not fall in either cat-
egory has also been defined."” Up to 82% of individuals with
RBD eventually develop clinical symptoms of synucleinopathy
neurodegeneration, primarily with Parkinson disease (PD),
dementia with Lewy bodies (DLB), and multiple system at-
rophy (MSA) phenotypes.'®?' While the clinical significance
of RSWA without accompanying RBD remains unknown, in
selected cases RSWA may be seen prior to clinically overt
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RBD evolving, raising the question of whether apparently “in-
cidental” RSWA identified during polysomnography may also
signify an evolving synucleinopathy.?® Therefore, establishing
diagnostic standards for RSWA that may eventually be applied
outside of research settings in clinical polysomnography popu-
lations is an important public heath priority.

RSWA may be described either qualitatively or quanti-
tatively 268:10-1217.202226 The first manual method for RSWA
quantification developed by Lapierre and Montplaisir in 1992
proposed scoring two types of submentalis muscle activity
using 2-s mini-epochs and 20-s epochs; phasic activity, with
an amplitude greater than four times the background EMG
and duration of 0.1-5 s, and tonic activity, which consisted of
elongated muscle activity greater than double the background
EMG lasting longer than 50% of a 20-s epoch.'® Several sub-
sequent manual scoring methods have further adapted and re-
fined the original method, with addition of a wider range of
muscles sampled, different time standards, and varying defini-
tions of phasic/transient muscle activity.*>7#121727 Additionally,
automated RSWA scoring methods have been used to identify
RSWA in the submentalis muscle with high sensitivity and
specificity for RBD, although automated limb muscle analyses
methods have not yet been developed.***!! Relative advantages
and disadvantages of automated and manual methods of RSWA
analysis can be found elsewhere.” Current AASM definitions
favor the term “transient muscle activity” rather than phasic
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activity; but for simplicity and familiarity throughout the re-
mainder of this article, we will consider the terms “phasic” and
“transient” muscle activity synonymous, and utilize the more
familiar “phasic” for comparability with previously published
works on RSWA quantitative analysis.®!?

Unfortunately, most previous RSWA research investigations
have excluded patients with obstructive sleep apnea (OSA), a
common comorbidity in RBD seen in up to 67% of patients,
potentially limiting applicability of these prior quantitative
RSWA analyses to the majority of RBD patients seen in clinical
practice.?®* Other methodological issues in previous RSWA
research that may limit widespread application have included
an emphasis on percentages derived from arbitrary mini-ep-
ochs of 2-3 s duration rather than direct measurement of ab-
normal phasic muscle bursts, and the time-consuming nature
of existing manual quantitative RSWA analysis methods, sug-
gesting the need for further evidence supporting the validity of
automatic analysis methods. Previous manual RSWA scoring
methods have not examined the temporal duration of phasic
muscle activity bursts to determine whether there are differ-
ences in muscle activity duration between RBD patients and
controls. We were interested in whether previously utilized
manual and automated analyses methods had sufficient sensi-
tivity and specificity to distinguish RBD patients with PD from
controls with sleep disordered breathing in a naturalistic sleep
laboratory sample commonly encountered in clinical practice.
We analyzed PD-RBD patients for comparability with previous
studies establishing cutoff values for RBD diagnosis.'”*

Our aims were (1) to analyze phasic muscle burst duration
and conventional phasic and tonic muscle activity in PD-RBD
patients and OSA controls without RBD who underwent split-
night polysomnogram recordings, to determine RSWA metric di-
agnostic thresholds distinguishing PD-RBD patients from OSA
controls; (2) to compare split-night versus full-night polysom-
nography RSWA metrics in PD-RBD patients and controls; and
(3) to comparatively analyze established manual and automated
methods for RSWA in these groups. We hypothesized that PD-
RBD patients would demonstrate significantly higher RSWA du-
rations and higher muscle activity within both 3-s mini-epoch and
30-s AASM positive epoch visual scoring approaches, that direct
measurement of phasic muscle burst duration would increase the
diagnostic discrimination of RSWA metrics distinguishing RBD
from controls, that split-night and full night polysomnograms
would yield similar RSWA metrics in patient and control sub-
jects, and that automated SM REM atonia index (RAI) would
also distinguish RBD from controls in these groups.

METHODS

Patient Selection

A total of 60 consecutive patients seen between 2008 and
2012 were identified for retrospective analysis of RSWA from
the polysomnographic (PSG) database at the Mayo Clinic
Center for Sleep Medicine. Patient subgroups included 10 Par-
kinson disease-RBD (PD-RBD) patients with full-night PSG
and 10 split-night PD-RBD patients, as well as 20 full-night
primary snorers (PS) and 20 split-night obstructive sleep apnea
(OSA) patients without history of dream enactment. The 2 con-
trol groups were matched for REM AHI with the 2 PD-RBD
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groups. Chart review was performed for age, gender, REM
sleep time, and other relevant clinical and demographic fea-
tures. All patients with RBD and OSA met ICSD-2 diagnostic
standards.? Patients with Parkinson disease were diagnosed by
board-certified Mayo Clinic neurologists according to United
Kingdom PD Society Brain Bank criteria.*!

Due to the significant amount of sleep disordered breathing
required to warrant split-night polysomnography (a total sleep
apnea-hypopnea index (AHI) > 5/h), patients with a REM
AHI of up to 30 were included in this study. AASM guidelines
specify an AHI > 20-40/h during the first 2 h of sleep to warrant
a split-night PSG.*> However, these parameters may exclude
up to 60% of OSA cases, and an AHI of 5/h as used at our
center is sufficient to rule in OSA.* Patients and controls with
a REM AHI > 30/h, total REM time < 5 min, and those using
antidepressant medications, clonazepam, melatonin, or other
central nervous system active drugs other than dopaminergic
therapy were excluded from analysis. Twelve PD-RBD patients
were using dopaminergic therapy and 2 were using anticholin-
esterase medications for mild cognitive impairment at time of
PSG. The Mayo Clinic Institutional Review Board approved
this study and oversaw study activities.

Polysomnographic Recordings

Video polysomnographic (PSG) recordings were conducted
on a 16-channel Nicolet NicVue digital system with sensitivity at
5-7 wV/mm, EEG was bandpass filtered from 0.3—-100 Hz (Car-
dinal Health Corporation, Madison, Wisconsin) and digitized at a
sampling rate of 500 Hz. Electroencephalogram recordings were
performed according to the International 10-20 system electrode
placements (Fpl, Fp2, Fpz, Fz, Cz, C3, C4, Ol, 02, Oz), in-
cluding electrooculography (left and right outer canthus, LOC
and ROC, placements), submentalis (SM) and bipolar linked
anterior tibialis (AT) electromyography (EMQG), and an electro-
cardiogram. Extensor digitorum communis (EDC) EMG leads
were added for RBD patients only, but are not recorded routinely
in patients who do not have a clinical suspicion for parasomnia
in our center. Respirations were analyzed using an oronasal
thermistor and nasal pressure sensor for airflow monitoring, with
thoracoabdominal impedance plethysmography to monitor ef-
fort. Oxyhemoglobin saturation was evaluated by pulse oximetry.
Standard 30-s epochs of PSG were used to score sleep in ac-
cordance with standard criteria.’* Because RSWA often does not
allow scoring of REM sleep by established rules, the occurrence
of the first REM in the electrooculographic channel was used to
determine the onset of the REM sleep period.”® The end of the
REM sleep period was determined when either no REMs were
detected in 3 consecutive min or when an awakening, K com-
plexes, or spindles were observed. SM and AT EMG channels
were amplified at 5 pV/mm with low and high-frequency filters
set at 10 and 70 Hz, respectively, with a sampling rate of 500 Hz.

Analysis of REM Sleep Muscle Activity

Background EMG amplitude was identified during REM
sleep in all patients and varied from 0.5-2 pV in all subjects.
Quantitative analysis of EMG activity was performed utilizing
HypnoLab sleep scoring software (ATES Medica Labs, Verona,
Italy). Overall tonic, phasic, and “any” (tonic, phasic, or both
forms of muscle activity occurring within the same mini-epoch)
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Figure 1—Three-second mini-epoch scoring approach. The designation “User 4" (seen above the horizontal scoring bars placed within 3-s mini-epochs)
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percent muscle activity were visually determined and manu-
ally scored and calculated for each patient, similar to previously
described methods.”®!7** Phasic and “any” percent muscle ac-
tivity were also calculated separately for submentalis (SM)
and anterior tibialis (AT) muscles (Figure 1). In addition, each
phasic muscle burst during REM sleep was directly measured,
and those bursts fulfilling standards for scoring®'*** were indi-
vidually recorded for each muscle, resulting in an overall av-
erage phasic muscle burst duration (Figures 2 and 3).

Thirty-s epochs were used to score tonic muscle activity in
both the SM and AT muscles. An epoch was considered posi-
tive for tonic activity if > 50% of the epoch had any activity
continuously greater than double the background EMG or > 10
wV (Figures 4 and 5).%1%123 Tonic percent muscle activity was
calculated as the total number of positive 30-s epochs divided
by the total number of analyzable 30-s REM sleep epochs.
Tonic muscle activity has traditionally only been scored in the
SM.7810.12317 However, there is no specific reason not to ana-
lyze tonic muscle activity in other muscles, and we also ana-
lyzed tonic activity in the AT to determine whether this may be
of diagnostic benefit.

Each 30-s epoch was broken down into 3-s mini-epochs for
analysis of phasic and “any” activity (according to SINBAR
standards) in both the SM and AT muscles.”®!7*5 Phasic and
“any” activity was also calculated for EDC in RBD patients
only. A 3-s mini-epoch was considered positive for phasic
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muscle activity with the presence of a phasic EMG burst that
met measurement standards for scoring and negative if there
was no muscle activity.”#!%1217.2335 Phagic muscle activity was
defined as an EMG burst measuring > 4 times the background
amplitude, with a duration lasting from 0.1 to 14.9 seconds.'”*
The longer time standard of 14.9 s was chosen because many
phasic bursts are longer than the 5-s maximal duration estab-
lished by the AASM and some investigators,** yet are not as
long as sustained tonic EMG activity (= 15 s, by definitions
above). Our use of the term “phasic” muscle activity therefore
overlaps with the term “any” muscle activity as defined by the
SINBAR group, which included phasic bursts lasting longer
than 5 s, but less than 14.9 seconds. The return of muscle ac-
tivity to baseline for at least 200 msec was considered to be the
end of a phasic burst.

A 3-s mini-epoch was considered to be positive for “any”
muscle activity when either tonic or phasic muscle activity
(or both) was present in either the SM or AT muscle (or both)
within that mini-epoch. The “any” muscle activity term is
primarily distinguished from “phasic” muscle activity by the
inclusion of tonic muscle activity contained within a 3-s mini-
epoch.”®!7 Bursts of phasic activity occurring simultaneously
with tonic activity were required to have an amplitude of twice
the background tonic EMG activity within the same 3-s mini-
epoch to be scored separately as phasic activity.!” Any 3-s mini-
epoch containing either a breathing-related event or an arousal
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duration of each phasic muscle burst in the anterior tibiails muscle.
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Figure 2—Phasic muscle burst duration scoring. “User 1" marks the duration of each phasic muscle burst in the submentalis muscle. “User 2" marks the
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Figure 3—Fifteen-second window of Epoch seen in Figure 2.

was scored as “artifact” and excluded from analysis (this was
achieved for individual events on a mini-epoch basis, so as

activity is another manifestation of disinhibited REM motor
control associated with RBD rather than true NREM PLMs

to preserve as many interpretable mini-epochs for scoring as (supplemental material).

possible; Figure 6). Overall phasic and “any” percent muscle

Scorers of RSWA were blinded to patient group and had high

activity was calculated as the total number of positive 3-s mini-  inter-rater reliability with a k coefficient of 0.897. Kappa coef-
epochs divided by the total number of analyzable 3-s mini-ep-  ficients were calculated for both SM and AT muscles, as well as
ochs. For the overall combined analysis, a 3-s mini-epoch was both muscles combined from a sample of 100 mini-epochs of

considered positive if there was phasic or “any” EMG activity
in either the SM or AT muscles and negative if there was an
absence of EMG activity in both muscles.

We included PLM-like muscle activity during REM sleep

different REM epochs of different patients, according to previ-
ously published methods.?

The REM atonia index (RAI) was calculated using computer-
automated analysis performed by HypnoLab sleep scoring soft-

in our RSWA analysis, reasoning that REM PLM-like muscle ware to calculate the amount of abnormal muscle tone seen in
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Figure 4—Positive 30-second epoch for tonic muscle activity marked with “User 7.” “User 1” marks the duration of each phasic muscle burst in the submentalis
muscle. “User 2" marks the duration of each phasic muscle burst in the anterior tibialis muscle.
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Figure 5—Ninety-second window showing tonic 30-s epoch surrounded by two 30-s epochs without tonic activity. “User 7" denotes a positive tonic epoch.
“User 1” marks the duration of each phasic muscle burst in the submentalis muscle. “User 2" marks the duration of each phasic muscle burst in the anterior
tibialis muscle. “Artif” marks 3-second mini-epoch with breathing or arousal event.

only the SM EMG.® In order to analyze SM muscle EMG tone,
a 60-Hz notch filter was applied and the signal was rectified.
Any 30-s epoch containing an arousal or breathing event was
visually identified and excluded before RAI analysis was per-
formed. The RAI was scored on a scale of 0-1, with a score of
zero indicating complete absence of muscle atonia and one in-
dicating completely preserved muscle atonia. Values < 0.8 are
strongly indicative of abnormal muscle activity, values < 0.9
indicate likely abnormal muscle activity, while an RAI of > 0.9
indicates preserved muscle atonia.*® In patients with PD, an
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RAI of < 0.9 has been found to be sensitive to identifying the
presence of RBD.*

Cutoff values for RBD diagnosis using phasic muscle ac-
tivity were also calculated using the AASM criteria for ex-
cessive transient muscle activity, defined as one 30-s epoch
containing > 5 3-s mini-epochs containing phasic muscle ac-
tivity.** This standard was applied to each 30-s epoch of REM
sleep, excluding those with breathing or arousal artifacts to
generate AASM phasic percent muscle activity for the SM and
AT muscles individually and combined.

REM Sleep without Atonia in RBD with OSA—McCarter et al.



designation. “User 1” marks phasic muscle burst.
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Figure 6—Example of 30-second epoch containing an arousal. Each 3-s mini-epoch containing an arousal is excluded from analysis by the “Artif” (artifact)

Combined muscle activity cutoffs were also established for
combinations of the SM and AT muscles for phasic, “any,” and
tonic muscle activity, by considering the individual positive
mini-epochs in SM and AT alone, as well as mini-epochs that
contained muscle activity simultaneously in both the SM and
AT (i.e., when muscle activity was present in both muscles, it
was counted only a single time, without “double counting”).

Split-Night PSG vs. Full-Night PSG Comparison

Patients who demonstrated AHI > 5/h over > 2 h of total
sleep time, were given a split-night therapeutic trial of CPAP.
In order to determine whether RSWA differed between patients
undergoing split-night PSG and those undergoing full-night
PSG, overall phasic, tonic, and “any” percent muscle activity,
as well as muscle specific percent muscle activities and av-
erage phasic muscle burst durations were calculated for both
halves of the split-night PSG and then combined and compared
to those patients who underwent full-night PSG. In addition,
phasic, tonic, and “any” percent muscle activities were com-
pared before and after CPAP therapy in patients who underwent
split-night PSG, to determine whether or not CPAP treatment
impacts RSWA. Similar analyses were performed for phasic
muscle burst durations and RAI.

Statistical Analysis

Clinical, demographic, and PSG data are presented as means,
standard deviations, and frequencies. Quantitative variables
were analyzed using nonparametric Kruskal-Wallis and Mann-
Whitney tests, while y? tests were used to analyze categorical
variables using JMP statistical software (JMP, Version 9, SAS
Institute Inc., Cary, NC). Relationships between clinical in-
dependent variables and dependent tonic, phasic, and “any”
muscle activity, RAI, and phasic muscle burst duration were
analyzed utilizing multivariable linear or logistic regression.
Pre- and post-CPAP therapy analyses were performed using
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matched-pair Wilcoxon signed-rank tests. Significance was
set at an o level of P < 0.05 for demographic data and PSG
variable statistical tests, except for the Mann-Whitney test ana-
lyzing differences in RSWA indices between groups, in which
a post hoc Bonferroni correction was applied for multiple tests,
setting o level at P < 0.01. Receiver operating characteristic
(ROC) curves were calculated for combined phasic, tonic, and
“any” percent muscle activities as well as phasic and “any”
percent muscle activities for SM and AT muscles. In addition,
ROC curves were calculated for phasic muscle burst durations
in both muscles. Area under the curve was calculated for each
analysis, and cutoff diagnostic threshold values were chosen
that yielded the highest combined sensitivity and specificity
distinguishing RBD from OSA controls.

RESULTS

Clinical and Demographic Data

Of the 60 patients analyzed, 53 (88%) were male with a mean
age of 68.2 + 8.4 (range 48-82) years. There were no differences
in age or gender between the 4 groups. PD-RBD patients had
an average RBD symptom duration of 9.4 + 13.2 (range 0.1-57)
years and a mean PD symptom duration of 6.0 = 5.0 (range 1-19)
years. PD symptom duration was not associated with any measure
of RSWA. Average levodopa dose equivalent was 829.3 £ 549.3
and was also unassociated with RSWA. Mean REM AHI for
the entire cohort was 5.8 + 7.4 (range 0-27) and did not differ
between groups and was not associated with amount of RSWA.
Baseline AHI did not differ between groups (Table 3). Sixteen
control (40%) and 4 (20%) RBD subjects were on B-blocker
therapy at the time of PSG; however, RSWA percent muscle ac-
tivity, RAL, or phasic muscle burst duration did not differ between
those using B-blockers and those who did not. Other clinical and
demographic data did not differ between the 4 groups. A mean of
1285.4 + 505.9 3-s mini-epochs were analyzed per patient.

REM Sleep without Atonia in RBD with OSA—McCarter et al.



Table 1—Pre- and post-CPAP therapy PSG variables for RBD and OSA groups.
Pre RBD (n =10) Post RBD (n =10) P-value Pre OSA (n = 20) Post OSA (n = 20) P-value
TST, min 192.7£48.2 149.8 £38.5 0.11 151.7£27.4 192.1£57.7 0.03#
SE % 76.1£13.7 69.8 £ 18.6 043 751+ 115 745+134 0.88
WASO, min 52.9+41.8 478+354 0.70 346257 416 +30.1 0.42
Hypoxic time, min 241+389 49+14.0 0.02# 11.0+154 21145 <0.001*#
Stage N1 % 17277 19.0+9.2 0.57 16.9+8.7 15.7+9.7 0.29
Stage N2 % 525+9.6 38.1+£16.6 0.05 437+89 471131 0.15
Stage N3 % 120+ 8.6 125+9.6 1.00 247 8.1 13.1+£9.2 0.001#
Stage REM % 184 +10.7 30.7 £18.1 0.04# 14.6 £24.0 240+65 <0.0001#
ISL, min 9.7+48 10.1+£11.3 0.79 12.3+9.1 16.7 £ 19.5 0.98
IRL, min 114.1 £ 59.1 59.8 +51.3 0.10 755+ 324 82.9+94.6 0.37
AHI total 17.1+16.2 57+76 0.02# 13.6+84 6.2+8.2 0.002#
REM AHI 6.5+95 37+6.8 0.22 8.7+93 29+36 0.01#
PLMI 46.6 +58.2 4731618 0.46 37.6 £40.7 27.1£29.1 0.41
PLMAI 142 +£23.2 9.2+£10.3 0.74 49+41 56+88 0.99
Any EMG %* 63.0 £22.1 646+214 0.85 18.9+14.0 169+ 11.8 0.39
Phasic EMG % * 55.3+21.9 57.7+23.6 0.56 18.9+14.0 16.8+11.8 0.39
Tonic EMG % * 15.3+25.3 13.5+17.3 0.70 0.0 0.04+0.18 1.00
Any SM % * 343+225 35.0+227 0.70 56+6.7 47+6.2 0.55
Phasic SM % * 25.7+13.7 254 +13.0 1.00 56+6.7 47+6.2 0.70
Any AT %* 40.0 £29.9 452 +30.6 0.28 13.9+14.1 127 £127 0.92
Phasic AT % * 39.7+£28.3 448 +30.2 0.23 13.9+14.1 12.7 £12.7 0.92
SM Duration (sec)* 0.94 +0.62 0.95+0.31 0.63 0.47 +£0.31 0.46 +0.22 0.99
AT Duration (sec)* 1.03 £ 0.67 0.84 +£0.58 0.28 0.55+0.34 0.46 £0.19 0.13
RAI* 0.72+0.23 0.71+0.16 0.43 0.93+0.05 0.94 +£0.04 0.76
*Bonferroni correction factor applied setting significance at 0.01. #Significant for P < 0.05. TST, total sleep time; SE, sleep efficiency; WASO, wake after sleep
onset; Hypoxic time, min spent under 90% O, saturation; ISL, initial sleep latency; IRL, initial REM latency; AHI, apnea hypopnea index; SM, submentalis
muscle; AT, anterior tibialis muscle; RAI, REM atonia index.

RSWA Analysis

Split-Night PSG vs. Full-Night PSG

There were no significant differences in any RSWA measure
between split-night compared with full-night PSG in either the
RBD or OSA/PS control groups. Further results are shown in
Table 1.

Pre-CPAP vs. Post-CPAP Therapy

There did not appear to be an effect of CPAP therapy on any
RSWA measure within either RBD or OSA control subjects un-
dergoing split-night PSG (supplemental material and Table 2).

PD-RBD vs. Controls

Mean “any” muscle activity was 70.5 + 19.7 for RBD pa-
tients compared to 19.8 = 11.6 in controls (P < 0.0001; Table 3).
Regression analyses demonstrated that only RBD group pre-
dicted RSWA as a dependent variable, adjusting for age, gender,
and REM AHI (P < 0.0001). Phasic muscle activity was sig-
nificantly higher in the RBD group (59.1 + 18.0 vs. 19.8 + 11.6,
P <0.0001). Controlling for gender, REM time, and REM AHI,
only RBD remained associated with phasic muscle activity. In
addition to group, older age was also associated with increased
phasic muscle activity when groups were combined (P<0.0001);
however, this association was not significant within either the
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control or RBD groups when adjusting for gender, REM AHI,
and REM time. Tonic muscle activity was significantly higher
in the RBD group (22.8 £25.0 vs. 0.18 +0.11, P <0.0001), and
only RBD remained significantly associated with tonic muscle
activity after controlling for age, gender, REM time, and REM
AHI. RSWA values for the EDC muscle in RBD patients are
shown in the supplemental material.

A cutoff value of 43.4% for combined SM and AT “any” per-
cent muscle activity yielded 95% sensitivity and 97% speci-
ficity for RBD diagnosis (AUC 0.983), while a value of 37.9%
for combined SM and AT phasic muscle activity yielded a sensi-
tivity of 90% and specificity of 92% (AUC 0.965). A combined
SM and AT tonic muscle activity of 1.2% was 100% sensitive
and 100% specific for diagnosis of RBD (AUC 1.00; Table 4).
SM tonic muscle activity was not different than the combined
SM and AT tonic muscle activity.

Both SM “any” muscle activity (46.4 + 27.9 vs. 5.0 £ 4.9,
P < 0.0001) and SM phasic muscle activity (30.2 £ 15.4 vs.
5.0 + 4.9, P <0.0001) were significantly higher in RBD pa-
tients, and both SM muscle activities remained significantly
associated with RBD when adjusting for age, gender, REM
time, and REM AHI. AT “any” muscle activity (43.0 + 28.1 vs.
15.7+11.9, P=0.0001) and phasic muscle activity (40.9 = 25.4
vs. 15.7 + 11.9, P = 0.0001) were also higher in RBD patients.
Increased AT “any” muscle activity (P < 0.0001) and phasic
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Table 2—RSWA and clinical variables for split-night PSG and full-night PSG groups.
Split PD/RBD (n=10) Full-PD/RBD (n=10) P-value  Split-OSA (n = 20) Full-PS (n = 20) P-value
Age 70373 68179 0.52 66.5 £ 10.1 69173 0.65
Male 10 10 1.00 18 15 0.22
Female 0 0 1.00 2 5 0.22
PD Duration (years) 70+6.2 49+3.1 0.77 N/A N/A
RBD Duration (years) 55+6.4 13.3+17.2 0.14 N/A N/A
AHI? 17.1£16.2 42+33 0.02# 13.8+84 3449 <0.0001%
REM AHI 6.5+95 39+44 0.08 87+93 34+38 0.11
REM Min 79.5+40.0 61.4.0 £321 0.38 69.1+£26.5 727175 0.42
% ME Excluded 92+46 16.0 £12.7 0.43 85+54 76+6.2 0.39
ME Analyzed 1419.9 £ 654.7 1071.7 £ 629.4 0.21 1264.8 £ 499.1 1345.7 £ 4991 0.74
Any EMG %* 63.4+21.1 775+16.2 0.10 176 £11.7 219+ 113 0.18
Phasic EMG % * 56.1 £22.2 62.0+12.9 0.57 176 £11.7 219+ 113 0.18
Tonic EMG % * 14.7+£19.9 31.0+27.8 0.10 0.04+0.16 0.0 0.34
Any SM % * 344213 58.4 +29.4 0.06 512+6.1 481+34 0.55
Phasic SM % * 256+13.0 349+16.8 0.14 510+6.1 480+34 0.55
Any AT % * 425+29.0 434 +288 0.85 13.1£11.9 182117 0.13
Phasic AT %* 419+28.0 40.0 +24.1 0.97 131+ 1.9 182+ 117 0.13
SM Duration (sec) * 0.93+0.34 1.33 £0.46 0.05 049+0.19 0.52+0.23 0.58
AT Duration (sec) * 0.89 +0.56 1.28 £ 0.60 0.10 0.52+£0.20 042+0.15 0.11
RAI* 0.71+0.16 048 +£0.27 0.04 0.93+0.05 0.94 +£0.04 0.90
*Bonferroni correction factor applied setting significance at 0.01. *Nonsignificant P-values for comparisons between PD-RBD and OSA groups for split-night
PSG diagnostic AHI, and between PD-RBD and PS groups for full-night PSG AHI. # Significant for P < 0.05. PS, primary snoring; ME, 3-second mini-epoch;
SM, submentalis muscle; AT, anterior tibialis muscle; RAI, REM atonia index; OSA, obstructive sleep apnea.

muscle activity (P < 0.0001) were associated with RBD as well
as older age, after adjusting for gender, REM time, REM AHI,
and PLMI. SM RAI was significantly lower in RBD patients
compared to controls (0.60 + 0.24 vs. 0.93 + 0.04, P < 0.0001),
and in regression analysis remained significantly associated with
RBD when adjusting for age, gender, REM time, and REM AHI.

SM phasic muscle activity of 15.5% was 85% sensitive
and 97% specific for RBD (AUC 0.965). A SM “any” percent
muscle activity of 21.6% yielded 97% specificity and 85%
sensitivity (AUC 0.969). SM automated RAI of 0.88 was 95%
sensitive and 92% specific (AUC 0.955) for RBD. A cutoff of
30.2% in the AT yielded a sensitivity of 65% and specificity of
90% (AUC 0.805).

Using the AASM diagnostic standards for a diagnosis of
RSWA resulted in a combined SM and AT phasic muscle ac-
tivity cutoff of 34.7% with a sensitivity of 90% and specificity
of 95% (AUC 0.960). A cutoff of 2.8% for AASM-defined SM
phasic muscle activity was 90% sensitive and 90% specific for
RBD diagnosis (AUC 0.929). An AASM AT percent muscle
activity of 11.3% was 75% sensitive and 75% specific (AUC
0.791) for RBD diagnosis (Table 6).

SM phasic muscle burst duration was significantly longer
in RBD patients than controls (1.1 + 0.34 vs. 0.50 + 0.21,
P < 0.0001). Longer SM phasic burst duration remained sig-
nificantly associated with RBD when adjusting for age, gender,
REM time, REM AHI, and -blocker use. AT muscle burst dura-
tion was also significantly longer in PD-RBD patients (1.1 + 0.60
vs. 0.46+0.19, P <0.0001), and longer phasic AT burst duration
remained associated with RBD group after controlling for age,
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gender, REM time, and B-blocker use. SM and AT phasic muscle
burst durations were not associated with age, levodopa drug use,
LDE, or B-blocker use. Longer SM duration, (P = 0.03) as well
as a decreased RAI (P = 0.04) and increased SM “any” muscle
activity (P = 0.03) were each associated with longer duration of
RBD symptoms in univariate analysis. However, these associa-
tions were not seen in multivariate analysis. Sensitivity was 90%
with a specificity of 82% for an SM phasic muscle burst duration
of 0.65 seconds (AUC 0.905), and 70% sensitive and 97% spe-
cific for AT phasic muscle burst duration of 0.79 seconds (AUC
0.855) for diagnosis of RBD. Boxplot representations of phasic,
“any,” and tonic muscle activities as well as phasic muscle burst
durations and RAI are shown in Figure 7 (3-s mini-epochs).
Phasic muscle activity for 30-s (AASM) mini-epoch scoring is
shown in Figure 8.

To determine whether consideration of phasic muscle burst du-
ration had any additive value in discriminating RBD diagnostic
sensitivity and specificity, additional separate analyses were per-
formed for patients meeting phasic and “any” percent muscle
activity cutoffs for RBD diagnosis for combined montages, as
well as individual muscles, based on whether they also exceeded
cutoff values for phasic muscle burst duration in both the SM
(0.65 s) and AT (0.79 s). We conducted these reclassification
analyses for both the 3-s mini-epoch and 30-s (AASM positive)
epoch scorings. For the 3-s mini-epoch reclassification analysis,
2 clinically diagnosed PD-RBD patients who did not meet stan-
dard RSWA percent muscle activity cutoffs, but who did meet
RSWA burst duration cutoffs, were reclassified as having RSWA.
Also, 2 control OSA subjects who did not have clinical dream
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Table 3—RSWA comparison between RBD patients and controls.
RBD (n=20) Controls (n=40) P-value
Age 692+75 67.8+88 0.56
Gender M/F 20/0 3317 0.05
REM AHI 52+73 6.0+75 043
AHI 10.7£13.2 8686 0.73
REM Time (min) 70.5+36.0 709+22.2 0.96
Epworth 1.9+£59 70154 0.004*#
Any EMG %* 705+19.7 19.8+11.6  <0.0001°
Phasic EMG % * 59.1+18.0 19.8+11.6  <0.0001°
Tonic EMG % * 228+25.0 0.18 £0.11 <0.0001%
Any SM %* 46.4+27.9 5049 <0.0001%
Phasic SM% * 302+154 50+49 <0.0001%
Any AT %* 43.0 £28.1 15.7+11.9 0.0001%
Phasic AT% * 40.9+254 157+ 119 0.0001%
SM duration (sec) * 1.1+£0.34 0.50 £0.21 <0.0001°%
AT duration (sec)* 1.1+0.60 046+0.19  <0.0001°
RAI* 0.60+£0.24 0.93+0.04 <0.0001%
AASM SM* 25339 16+£37 <0.0001%
AASM AT * 37.9+35.9 81+124  <0.0001°
AASM Combined*  61.8£26.0 11.0£13.0 <0.0001%
*Bonferroni correction factor applied setting significance at 0.01.
#Significant for P < 0.05. * Significant for P < 0.01. AHI, apnea hypopnea
index; SM, submentalis muscle; AT, anterior tibialis muscle; RAI, REM
atonia index; AASM, American Academy of Sleep Medicine diagnostic
criteria for RSWA.

enactment who met standard RSWA percent muscle activity cut-
offs, but who did not meet RSWA burst duration cutoffs, were
reclassified as not having RSWA. Similar reclassifications were
performed for the 30-s (AASM positive) analyses, both for the
combined SM/AT, SM, and AT muscles (as described in the
supplemental material). With additional consideration of phasic
muscle burst duration cutoff values together with phasic “any”
and AASM muscle activity cutoff values, sensitivity, and speci-
ficity were greatly improved, both overall and in each individual
muscle (Tables 5 and 6).

DISCUSSION

Our method of RSWA analysis demonstrated similar cutoff
values for phasic, tonic, and “any” muscle percent muscle ac-
tivities as well as RAI cutoffs to those of previously published
and validated methods,'”** and demonstrates that similar tech-
niques can be validly employed in clinical sleep laboratory pop-
ulations, including patients with OSA, an extremely frequent
comorbidity in RBD patients.?®**-*7 A new finding in our study
was that direct measurement of phasic muscle burst duration
improves the diagnostic distinction of symptomatic RBD with
comorbid OSA from OSA patients without dream enactment.

Our study highlights several important aspects of RSWA in
a naturalistic clinic-based sample. First, average phasic muscle
burst duration in both the SM and AT muscles is significantly
longer in RBD patients than controls, a novel finding that could
enhance discrimination of RBD from control patients. This
may be especially useful in determining whether patients with
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Table 4—Cutoff values for RBD diagnosis.
Cutoff
Rates Sensitivity Specificity AUC
Muscle Combinations
SM +AT “Any” 434 95% 97% 0.983
SM + AT Phasic 37.8 90% 92% 0.965
SM + AT Tonic 1.2 100% 100% 1.00
Individual Muscles
SM “Any” 216 85% 97% 0.969
SM Phasic 15.5 85% 97% 0.965
AT “Any” 30.2 65% 90% 0.805
AT Phasic 30.2 65% 90% 0.805
RAI 0.88 95% 92% 0.955
SM Duration (sec) 0.65 90% 82% 0.905
AT Duration (sec) 0.79 70% 97% 0.855
SM, submentalis muscle; AT, anterior tibialis muscle; RAI, REM atonia
index.

“incidental RSWA” on PSG are at risk for future development of
RBD and/or have an underlying synucleinopathy, possibly pro-
viding an even earlier time point for identifying at-risk patients
allowing for the development and implementation of neuropro-
tective therapies. However, prospective studies with this method
are needed to confirm this hypothesis. The significantly longer
phasic burst durations seen in RBD patients compared to con-
trols also suggests that further basic research involving animal
RBD/RSWA models is necessary to refine understanding of
which brainstem nuclei and neurotransmitter receptor mecha-
nisms facilitate altered phasic muscle activity in RBD. REM
atonia loss with resultant longer REM phasic burst duration ap-
pears to be particularly dependent on loss of medullary nucleus
gigantocellularis metabotropic GABA; and ionotropic GABA ,
and glycinergic neurotransmission, but may also depend on loss
of descending glutamatergic output from the subcoeruleus/sub-
lateral dorsal nucleus or, alternatively, increased corticospinal
glutamatergic excitatory output.**%° Better understanding of
mechanisms governing phasic motor control during REM could
inform rationale for pharmacotherapeutic strategies and future
neurostimulation approaches in RBD. Second, nasal CPAP
therapy does not significantly impact RSWA, and therefore
RSWA metrics of patients receiving split-night PSG with sepa-
rate diagnostic and treatment phases can be combined into single
“full-night” values, as these combined indices do not significantly
differ from patients undergoing full-night diagnostic or treat-
ment PSGs. Third, automated RAI analysis of SM muscle tone
is a quick and efficient method with comparably high sensitivity
and specificity to manual visual scoring methods for diagnosis
of RBD. RAI may be particularly useful as a quick quantitative
screening method for presence of RSWA in the clinical setting.
Our sample is similar to previously studied cohorts in terms
of age and RBD duration.'”** When compared with controls,
RBD patients were significantly sleepier, an unsurprising re-
sult as excessive daytime sleepiness is associated with PD and
often reported in RBD patients.”*! In order to address the pos-
sible confounding factor of sleep disordered breathing causing
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Figure 7—Boxplot representations of phasic, “any,” and tonic percent muscle activity for combined montage as well as individual muscles in addition to RAI
and phasic muscle burst durations for submentalis and anterior tibialis muscles. SM, submentalis muscle; AT, anterior tibialis muscle; RAI, REM atonia index.

increased RSWA, our controls were REM AHI matched to our combined groups.” It is not clear whether this may be due to
RBD patients, and we selected patients havinga REM AHI <30/  random variability between subjects or, more likely, because
hour to maximize analyzable REM sleep time and constrain re-  matching REM AHI resulted in more closely matched total
jection of mini-epochs involving disordered breathing events.  sleep AHI or that including only mild or moderate REM-related
Previous studies have reported decreased OSA in RBD patients; ~ OSA patients may have limited the severity of REM-related
however, baseline total sleep AHI was no different between our ~ OSA in both groups. Since testing relationships between RBD

SLEEP, Vol. 37, No. 10, 2014 1658 REM Sleep without Atonia in RBD with OSA—McCarter et al.



defined RSWA; SM, submentalis muscle; AT, anterior tibialis muscle.
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Figure 8—AASM-defined phasic muscle activities for combined, submentalis, and anterior tibialis muscles. AASM, American Academy of Sleep Medicine

and OSA severity was not a research hypothesis of this current
work, we plan to conduct further studies of the relationship be-
tween OSA severity and RBD in idiopathic and symptomatic
RBD patient populations.

Our method of calculating phasic, tonic, and “any” muscle ac-
tivity resulted in similar sensitivity and specificity cutoff values
for diagnosis of RBD in PD to previously published studies.!”*
For a combination of SM and AT muscles, an “any” percent
muscle activity cutoff of 46.4% and phasic muscle activity
cutoff of 44.2% was previously reported.'”” Our cutoff values
were 43.4% and 37.9% for combined “any” and phasic muscle
activity, respectively. SM “any” muscle activity of 18.2%,
phasic muscle activity of 16.3%, and tonic muscle activity of
9.6% have been reported,'” whereas our cutoffs for the SM were
21.6%, 15.5%, and 1.2% for “any,” phasic, and tonic percent
muscle activity. We found very little tonic activity in AT, so dif-
ferences in our tonic activity cutoffs and previously published
values most likely reflect variability of RSWA between indi-
viduals. Phasic percent muscle activity in the left and right AT
were reported as 22.4% and 24.8%, with a bilateral AT cut-off
of 30.6% providing 100% specificity,'” comparatively close to
our cutoff value using linked left and right AT muscles of 30.2%,
which provided 90% specificity. Finally, a SM RAI of < 0.9 was
reported to be 94% sensitive and 91% specific for diagnosis of
RBD in PD patients, a finding that was corroborated in our study,
which showed that an RATI of < 0.88 was 95% sensitive and 92%
specific for RBD diagnosis in PD patients.

Interestingly, a cutoff value of 34.7% using AASM diagnostic
standards for combined SM and AT phasic muscle activity was
similar to both our own and previously reported 3-second mini-
epoch scoring cutoff values.”® However, an AASM SM cutoff
of 2.8% and an AT cutoff of 11.3% differed greatly from both
our own and previously published 3-second mini-epoch scoring
method cutoff values. In addition, our cutoff of AASM combined
SM + AT (34.4% vs. 45.5%) and SM alone (2.8% vs. 14.5%)
was quite different from previously published values using this
method."” These differences could potentially be explained by
the more stringent requirement for AASM 30-second epoch
scoring which must contain at least five 3-second mini-epochs
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Table 5—Adjusted sensitivity and specificity combining phasic and “any”
percent muscle activity with phasic muscle duration.

Sensitivity Specificity
Muscle Combinations
“Any” + SM Duration 100% 100%
Phasic + SM Duration 100% 97%
“Any” + AT Duration 100% 100%
Phasic + AT Duration 95% 100%
Individual Muscles
SM “Any” + SM Duration 90% 100%
SM Phasic + SM Duration 90% 100%
SM “Any” + AT Duration 90% 100%
SM Phasic + AT Duration 90% 100%
AT “Any” + SM Duration 100% 97%
AT Phasic + SM Duration 100% 97%
AT “Any” + AT Duration 95% 100%
AT Phasic + AT Duration 95% 100%

SM, submentalis muscle; AT, anterior tibialis muscle; RAI, REM atonia
index. Adjusted sensitivity and specificity calculated using cutoff of
0.65-second phasic muscle burst duration in SM and 0.79 in AT.

having phasic muscle bursts for positive RSWA scoring, likely
a less direct and less sensitive RSWA measurement leading to
wider variation in RSWA percentage in contrast to the mini-
epoch approach, which counts abnormal mini-epochs regard-
less of the overall macro-epoch scoring in which they occur.
However, AASM SM cutoffs yielded 90% sensitivity and 80%
specificity, and combined SM and AT cutoffs yielded 90% sen-
sitivity and 85% specificity, supporting the use of this relatively
expeditious method of RSWA determination in a clinical setting,
since a reader could simply count the number of 30-second ep-
ochs containing five or more bursts of excessive phasic REM that
are present either in SM, AT, or both, divided by the total REM
epochs, to arrive at a percentage that can be easily and quickly
compared to our overall combined AASM RSWA cutoff value
of 34.7%.
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AASM Combined (SM + AT) + AT Duration

AT duration of 0.79 seconds.

Table 6—American Academy of Sleep Medicine cutoff values for diagnosis of RSWA.

Sensitivity Specificity AUC

Cutoff Rates
Unadjusted Sensitivity/Specificity
AASM SM + AT Phasic 34.7 90%
AASM SM 28 90%
AASM AT 1.3 75%
Adjusted Sensitivity/Specificity
AASM Combined (SM + AT) + SM Duration ~ 34.7 + 0.65 sec 100%

34.7+0.79 sec 95%

AASM SM + SM Duration 2.8 +0.65 sec 90%
AASM AT + SM Duration 11.3 + 0.65 sec 100%
AASM SM + AT Duration 2.8 +0.65 sec 95%
AASM AT + AT Duration 11.3+0.79 sec 95%

AASM, American Academy of Sleep Medicine defined criteria for RSWA; SM, submentalis muscle; AT, anterior
tibialis muscle. Adjusted sens/spec = AASM cutoff values combined with SM duration of 0.65 seconds and

not in SM. Previous studies have
reported increased RSWA with
older age in individuals without
RBD; however, these studies only
analyzed SM EMG tone.**$ Phasic

gg:;o gggg muscle activity in the AT was less
° : sensitive and specific for diagnosis
75% 0.791 of RBD than SM phasic muscle ac-
tivity. Additionally, phasic muscle

100% burst duration in the AT was less
100% sensitive and specific than muscle
100% burst duration in the SM for RBD

95% diagnosis. Neuronal dysfunction in
100% the brainstem networks responsible
100% for maintaining REM sleep atonia
could be part of the normal aging
process, with relative increases in AT
RSWA measures being physiological,
whereas SM RSWA could be a more

Our diagnostic threshold cutoff values for RBD are similar to
previously published figures in patients without OSA.'"*° Factors
such as intra-individual night-to-night variability, geographical,
and ethnic differences could account for some of the differ-
ences between our cutoff values and those published in previous
studies.>* Our study also shows that both manual and automated
methods of RSWA scoring the same series of subjects are valid
and reliable for diagnosing RBD. In addition, this is one of the
first studies demonstrating similar RSWA metrics in RBD pa-
tients with and without comorbid OSA, a common comorbidity
in RBD. Our scoring approach using a linked-legs montage, a
commonly used montage in clinical sleep laboratories, also sug-
gests that our method could be useful for RBD diagnosis in clin-
ical settings.

A strength of our study is the introduction of direct measure-
ment of phasic muscle burst duration, which appears to improve
diagnostic sensitivity and specificity for distinction of RBD from
OSA subjects. RBD patients had longer SM and AT phasic muscle
burst duration than controls with sleep apnea or primary snoring
in our series, and combining phasic or “any” muscle activity cut-
offs with cutoffs for SM and AT phasic muscle burst duration
substantially increased sensitivity and specificity of RBD diag-
nosis. Future studies of phasic muscle burst duration are planned
to determine whether this technique could aid diagnosis of RBD
in patients who do not otherwise exceed usual phasic percent
muscle activity cutoff values, and to explore whether more expe-
ditious manual or automated analysis using direct phasic muscle
burst duration instead of mini-epoch based techniques could be
useful in RBD diagnosis. Additionally, prospective studies will
be necessary to determine whether phasic muscle burst duration
measurement could be useful for diagnosing incipient or preclin-
ical RBD in patients with “incidental” RSWA without a history
of dream enactment, potentially allowing for earlier diagnosis of
RBD patients to enable initiation of treatment that could mini-
mize injury, and application of future neuroprotective therapies
for synucleinopathy neurodegeneration.*

Interestingly, older age was associated with higher RSWA
muscle activity in AT in both the RBD and control groups, but
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specific indicator of evolving RBD
and underlying synucleinopathy. Id-
iopathic RBD patients having increased tonic SM activity are at a
greater risk of developing PD, lending support to the hypothesis
that localized SM RSWA may be a more sensitive and specific
marker for RBD." Further prospective studies are necessary to
determine whether differences in the temporal evolution and dis-
tribution of RSWA may aid distinction of patients with synucle-
inopathy from those with normal aging.

This study has several limitations. As a retrospective analysis,
we were unable to conduct split-night and full-night PSGs on
the same patients, which would have been a preferable method
for demonstrating stability and comparable RSWA metrics be-
tween split-night and full-night PSGs. However, even within
the same subjects, night-to-night variability in the amount of
recorded RSWA and REM sleep occurs.’* In addition, differ-
ences in RSWA metrics between split-night and full-night PSGs
in RBD subjects were not significantly different, although trends
toward differences in SM RSWA metrics were most likely due
to inter-subject variability, since RSWA may increase with in-
creasing age and RBD duration."** Our full-night PSG subjects
had longer RBD disease duration, and several SM RSWA met-
rics were associated with longer duration of RBD symptoms in
univariate analysis. Therefore, differences between split-night
and full-night RBD subjects were most likely due to differences
in RBD characteristics, not PSG type. Twelve control subjects
had periodic limb movements of sleep of unclear significance,
although these did not appear to be a significant confounding
factor since PLMs were not associated with any measure of
RSWA in controls or RBD patients. The overall similarity be-
tween our RSWA cutoffs and previously published values sup-
ports our inclusion of PLM-like muscle activity in our RSWA
analysis as valid and reasonable. We believe our practice of
scoring REM PLM-like muscle activity as RSWA is an advanta-
geous and more time-efficient approach given the practical and
logistical difficulties in distinguishing possible true PLMs during
REM (supplemental material). We plan to conduct future studies
analyzing NREM PLMs and PLM-like movements during REM
in RBD and control subjects, similar to a previous study.” In
addition, four PD-RBD patients and three control patients had
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RLS; however, RLS was not associated with increased RSWA.
Another possible limitation of our study is the use of a bipolar
linked AT montage, which could have increased our AT cutoff
values by sampling muscle activity from both legs simultane-
ously, causing combined AT RSWA values to be higher than
individually sampled AT muscles as was noted by the SINBAR
group.'” Our EMG filter settings were different than previously
published studies (10-70 Hz vs. 10-100 Hz)'” which could have
influenced RSWA quantification. We used 10-70 Hz filter set-
tings, the convention in our laboratory established during earlier
analog PSG recordings. However, since our cutoff values were
similar to those of previously published values, filter settings
did not likely have a large influence on RSWA in our study."”

The majority of the patients in our study were men, which pri-
marily reflects the demographics of patients with RBD!19-20:22:29;
however, this may have influenced our results, especially our
control patients, as men with sleep disorders are more likely to
manifest fragmentary myoclonus.*” Fragmentary myoclonus oc-
curs in the limbs and is defined as muscle bursts lasting less than
150 ms*’; however, mean duration of AT muscle bursts was 460
ms in controls, indicating that fragmentary myoclonus was not
a significant contributor toward RSWA in our patients. Upper
extremity EMG activity has been reported to increase sensitivity
and specificity for RBD diagnosis by the SINBAR group.®!”
Unfortunately, we lacked controls with EDC EMG recordings
for analysis of diagnostic EDC cutoffs. While B-blocker use has
been reported to cause RBD, and several of our patients were
on B-blocker therapy during polysomnography, RSWA indices
and phasic muscle burst durations were no different between
those receiving B-blockers and those who were not.* Another
limitation is that we deliberately selected patients having a REM
AHI < 30/hour, since higher REM AHI values would very likely
result in a large amount of artifact rejection, potentially com-
promising valid interpretation of RSWA. We therefore selected
patients having only a mild or moderately severe REM AHI (i.e.,
REM AHI < 30/hour), which may limit generalizability of our
results to RBD patients with comorbid OSA and severe REM-
related OSA with REM AHI > 30/hour. Finally, since our sample
only analyzed PD-RBD patients, our results may not apply to
idiopathic RBD patients, who may display more variability in
RSWA indices. We plan to conduct further analyses comparing
the effects of OSA in idiopathic RBD patients.

CONCLUSIONS

Our method for direct measurement of phasic muscle burst
duration and percent muscle activity measurements for quan-
titative RSWA analysis enables accurate RBD diagnosis in
clinical sleep practice populations, including patients with
comorbid OSA. Our data suggest that nasal CPAP treatment
of sleep disordered breathing does not affect RSWA and that
reduction in muscle tone does not occur in most patients with
RBD when exposed to CPAP. We further validated the conve-
nient and automated RAI as a rapid and reliable method for
distinguishing between patients with and without RBD. Future
studies of the phasic muscle burst duration method, alone and
in combination with conventional mini-epoch based scoring
methods, are planned to determine the value of this technique
in distinction of idiopathic and symptomatic RBD patients from
patients without dream enactment and to determine whether
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this technique may allow identification of patients who may
have an underlying synucleinopathy.
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SUPPLEMENTAL MATERIAL

Reclassification Procedure and Impact on Analysis for the
30-Second (AASM Positive) Epoch Scorings

To determine whether consideration of phasic muscle burst
duration had any additive value in discriminating RBD diag-
nostic sensitivity and specificity, a separate analysis was per-
formed for patients meeting phasic and “any” percent muscle
activity cutoffs for RBD diagnosis for combined montages,
as well as individual muscles, based on whether they also ex-
ceeded cutoff values for phasic muscle burst duration in both
the SM (0.65 seconds) and AT (0.79 seconds). We conducted
these reclassification analyses for both the 3-s and 30-s (AASM
positive) epoch scorings.

For the 30-s (AASM positive) epoch reclassification anal-
ysis of the combined SM/AT muscles, 2 clinically diagnosed
PD-RBD patients who did not meet standard AASM defined
cutoffs, but who did meet RSWA burst duration cutoff for the
SM muscle, were reclassified as having RSWA. For the AASM
combined SM/AT muscles, 2 control patients who met AASM
defined cutoffs, but who did not meet SM muscle burst dura-
tion cutoffs, were reclassified as not having RSWA, yielding
100% sensitivity and 100% specificity for the combined SM/AT
muscles with SM burst duration reclassification.

For the 30-s (AASM positive) epoch reclassification analysis
of the combined SM/AT muscles, 1 of 2 clinically diagnosed
PD-RBD patients who did not meet standard AASM defined
cutoffs, but who did meet RSWA burst duration cutoff for the
AT muscle, were reclassified as having RSWA. For the AASM
combined SM/AT muscles, 2 clinically control patients who
met AASM defined cutoffs, but who did not meet SM muscle
burst duration cutoffs, were reclassified as not having RSWA,
yielding 95% sensitivity and 100% specificity for the combined
SM/AT muscles with AT burst duration reclassification.

For the 30-s (AASM positive) epoch reclassification analysis
of the individual SM muscle, neither of 2 clinically diagnosed
PD-RBD patients who did not meet standard AASM defined
cutoffs, also did not meet RSWA burst duration cutoff for the
SM muscle. For the AASM individual SM muscle, 1 of 2 con-
trol patients who met AASM defined cutoffs, but who did not
meet SM muscle burst duration cutoffs, were reclassified as not
having RSWA, yielding 90% sensitivity and 100% specificity
for the individual SM muscle with SM burst duration reclassi-
fication. Reclassification analysis of the individual SM muscle
with AT duration yielded 95% sensitivity and 100% specificity
for RSWA diagnosis.

For the 30-s (AASM positive) epoch reclassification analysis
of the individual AT muscle, 5 clinically diagnosed PD-RBD
patients who did not meet standard AASM defined cutoffs, but
who did meet RSWA burst duration cutoff for the SM muscle,
were reclassified as having RSWA. For the AASM individual
AT muscle, 9 of 11 control patients who met AASM defined
cutoffs, but who did not meet AT muscle burst duration cutoffs,
were reclassified as not having RSWA, yielding 100% sensi-
tivity and 95% specificity for the individual AT muscle with SM
burst duration reclassification. Four of 5 clinically diagnosed
PD-RBD patients who did not meet standard AT AASM defined
cutoffs, but who did meet RSWA burst duration cutoff for the AT
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muscle, were reclassified as having RSWA. Eleven control pa-
tients who met AASM defined cutoffs, but who did not meet AT
muscle burst duration cutoffs, were reclassified as not having
RSWA, yielding 95% sensitivity and 100% specificity for the
individual AT muscle with AT burst duration reclassification.

With additional consideration of phasic muscle burst dura-
tion cutoff values together with phasic “any” and AASM per-
cent muscle activities cutoff values, sensitivity and specificity
were greatly improved, both overall and in each individual
muscle (Table 6).

Rationale for Inclusion of PLM-like Activity

We included PLM-like muscle activity during REM sleep
in our RSWA analysis, reasoning that REM PLM-like muscle
activity is another manifestation of disinhibited REM motor
control associated with RBD rather than true NREM PLMs per
se, given that (1) during video review, REM PLM-like muscle
activity most often resembles variable, rapid, distal limb phasic
muscle jerks or twitches dissimilar to true NREM PLMs, which
instead involve highly stereotyped slow toe extension and foot/
ankle dorsiflexion movements, often with associated proximal
triple flexion movements of the hip and leg'*; (2) REM PLM-
like activity characteristics differ from true NREM PLMs by
being less periodic and irregular’” and shorter in duration,’* in
contrast to the more strictly periodic, rhythmic, and longer dura-
tion true PLMs**%; (3) most neurologically normal individuals
without RBD, incidental RSWA, narcolepsy, or restless legs
syndrome (RLS) diagnoses suppress spinal alpha motor neuron
pools during REM, > thereby manifesting PLMs predominantly
during NREM sleep,'*® causing PLMs to either be absent or
substantially less frequent during REM'*?; furthermore PLMs
typically correspond to a preceding autonomic activation®* and
the NREM sleep microarchitectural feature of cyclic alternating
pattern (CAP) sleep**!" which is absent during REM''%; and
(4) true PLMs most often have a characteristic circadian pattern
of occurrence during the first half of the night, opposite to the
prominent activation of phasic muscle activity in the second
half of the night during high density REM sleep.>*#

RESULTS

Pre-CPAP vs. Post-CPAP Therapy

OSA control subjects had significantly increased total sleep
time (TST) (P=0.01), REM sleep percentage (P =0.0001), and
decreased hypoxic time (minutes spent < 90% O, saturation)
(P =0.001), stage 3 sleep (P = 0.0002), and AHI (P = 0.0005)
during administration of CPAP therapy. CPAP therapy signifi-
cantly decreased hypoxic time (P = 0.04), initial REM latency
(IRL) (P =0.02), and AHI (P = 0.02) in RBD patients. Further
comparisons of PSG and RSWA variables are shown in Table 2.

EDC Percent Muscle Activity

EDC phasic muscle activity for PD-RBD patients was
26.0 + 12.8, while EDC “any” muscle activity for PD-RBD pa-
tient was 27.5 + 16.4. EDC phasic burst duration was 1.3 +0.40
seconds. Tonic muscle activity was minimal in EDC.
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DISCUSSION

Our data do not suggest there is a significant influence of
CPAP on quantitative RSWA metrics in RBD patients with
comorbid OSA or OSA patients without dream enactment
(Table 1). Severe untreated OSA has been reported to mimic
symptoms of RBD with subsequent treatment of OSA resulting
in a decrease in RBD-like behaviors; however, none of these
patients had RSWA on PSG, and RSWA indices comparing the
pre-treatment and treatment PSGs were not reported."* Another
study demonstrated a similar RAI in patients with OSA com-
pared to age-matched controls; however, subject numbers were
very small." In our cohort, neither controls nor RBD subjects
demonstrated a change in RSWA indices or phasic muscle burst
duration when using nasal CPAP therapy. A previous study also
reported that nasal CPAP therapy eliminated OSA but not DEB
in a RBD patient, suggesting that treating sleep-disordered
breathing itself may not directly impact the occurrence of
RBD."* Some patients report improvement in RBD symptoms
when receiving nasal CPAP therapy.'¢ However, no direct poly-
somnographic evidence for improvement of RBD or decrease
in RSWA has yet been demonstrated in these reports. Further
study of the relationships between comorbid OSA in RBD and
RSWA patient samples is necessary to establish the effect of
nasal CPAP on RBD and RSWA.

While our study could be criticized for including REM PLM-
like muscle activity in our RSWA analysis, we reasoned that REM
PLM-like muscle activity was a manifestation of REM motor
dyscontrol associated with RBD since REM PLM-like muscle
activity is consistent with phasic leg muscle jerking during video
review, usually appearing aperiodic,”” irregular, and shorter in
duration®>7? in contrast to typically monomorphic, rhythmic, and
relatively slow true PLMs; and PLMs are absent or much less
frequent during REM in most normal individuals without RBD,
RLS, or narcolepsy.'**7° We found that PLMs lacked association
with any of our analyzed RSWA measures and excluded move-
ment artifacts related to breathing and spontaneous arousals that
can mimic or cause PLMs'”* or RSWA.
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