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REM SLEEP BEHAVIOR DISORDER (RBD) IS A PARA-
SOMNIA CHARACTERIZED BY ABNORMAL BEHAV-
IORS EMERGING DURING REM SLEEP WITH CONSE-
QUENT injury and sleep disruption.1 Epidemiological study of 
RBD in both Hong Kong Chinese and Caucasian elderly popu-
lation suggested a prevalence rate of 0.38% to 0.5%.2,3 RBD is 
more frequently found in patients with synucleinopathy-related 
neurodegenerative diseases.4-8 The rate of RBD in patients with 
neurodegenerative diseases ranged from 14.6% to almost 77% 
in different reports.9

The diagnosis of RBD may be missed if solely based on clin-
ical history of sleep related injuries and there was only moder-
ate interobserver reliability (κ= 0.46).10 The hallmark polysom-
nographic (PSG) feature for RBD was the electromyographic 
(EMG) abnormalities during REM sleep.11,12 A number of clini-
cal series have documented abnormal tonic and/or phasic EMG 
activity during REM sleep in 92% to 100% of patients with 
RBD.12-14 As a result, both presence of REM sleep without ato-

nia (RSWA) and a history of injurious or disruptive behaviors 
during REM sleep are core criteria used to diagnose RBD in 
the second edition of the International Classification of Sleep 
Disorders (ICSD-2).1 Nonetheless, there is no specific quantifi-
cation of RSWA which might affect the validity and reliability 
of the diagnosis.

The clinical features of RBD and dream enactment behav-
iors are typically episodic and may not be observed during PSG 
monitoring.15 In addition, the well-known first night effect (FNE) 
with decreased REM sleep duration and delayed REM sleep la-
tency may affect the night-to-night variability of the PSG16 and 
hence the diagnosis of RBD. Nevertheless, our research group 
found that a single night was sufficient to diagnose obstruc-
tive sleep apnea syndrome (OSAS) in children,17 but in adults, 
a single night with negative PSG finding might miss the diag-
nosis of mild to moderate OSAS.18 There was suggestion that 
a single night might not be enough for patients with suspected 
parasomnia,19 but there was limited data on the night-to-night 
variability in RBD. Based on the scoring method in quantifying 
the phasic bursts and tonic EMG elevation during REM sleep as 
developed by Lapierre and Montplaisir,20 Consens et al studied 
23 subjects (with 7 probable and 2 possible RBD patients, 14 
subjects without symptoms of RBD) for the night-to-night vari-
ability of PSG features in RBD.21 In this study, few differences 
between night 1 and night 2 were found, and they suggested that 
the scoring method had good test-retest reliability.21,22 However 
this study was limited by the relatively small sample size and 
the lack of concomitant analysis of video monitoring of detailed 
body movements. Other factors that might affect the results of 
this quantitative EMG scoring method such as the presence of 
OSAS were not examined. Therefore, we conducted this study 
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with a much larger sample to explore the night-to-night vari-
ability of both PSG and video features and to compare the vari-
ous diagnostic criteria for identifying RBD.

METhoDs

The present study was conducted with a retrospective de-
sign. Patients’ clinical case notes and PSG reports were re-
viewed. Fifty-five patients with a confirmed diagnosis of RBD 
had undergone at least two consecutive nights of attended 
PSG with video recording in our sleep assessment unit. The 
basic recordings included standard electroencephalogram 
(C3-A2, C4-A1), electrooculogram (LE-A2, RE-A1), chin 
EMG, bilateral leg EMG (anterior tibialis muscles), bilateral 
arm EMG (extensor digitorum muscles), electrocardiogram, 
nasal-oral airflow, thoracic and abdominal respiratory efforts, 
oxyhemoglobin saturation, breathing sound, and body posi-
tion. If CPAP was used, the CPAP pressure was also recorded. 
The sleep studies were closely observed by a technician for 
any movement or vocalization. Sleep stages were scored ac-
cording to Rechtschaffen and Kales criteria, using 30-sec ep-
ochs, with modifications to allow the persistence of EMG tone 
during epochs that are otherwise clearly REM sleep (that is, 
epochs showing mixed–frequency, low-amplitude EEG wave-
forms with absence of sleep spindles or K complexes, accom-
panied by presence of rapid eye movements). REM sleep was 
terminated when sleep spindles or K complex or waking α 
rhythm appeared over the EEG channels or there was transi-
tion to slow wave sleep.23 REM density was defined as the 
numbers of rapid eye movement per minute of REM sleep. 
Arousals were scored according to ASDA criteria.24 Periodic 
leg movements (PLM) were defined as leg movements in one 
or both anterior tibialis muscles occurring in a series of 4 more 
such events, with inter-movement intervals of 5 to 90 sec. The 
PLM index (PLMI) was defined as the numbers of PLM per 
hour.25

The diagnostic criteria of RBD included: (1) history of prob-
lematic sleep behaviors that were harmful or potentially harm-
ful, or disruptive of sleep continuity or disturbing to self and/or 
sleep partner; (2) PSG abnormality of excessive augmentation 
of chin EMG tone or excessive chin or limb EMG twitching 
during REM sleep; (3) identifiable motor activities related to 
dream enactment during REM sleep by video records (not re-
lated to PLMS or respiratory events).1,26

Quantitative Method of scoring of EMg activity and video 
analysis

The scorer for the PSG records was blind to the sequence of 
the night, except for those patients who were on CPAP in the 
second night. The EMG activity was scored by the following 
criteria:

Phasic EMG activity was scored from the submental EMG 
recording.21 The phasic EMG events were defined as any burst 
of EMG activity lasting 0.1 to 5 sec with amplitude > 4 times 
the background EMG activity.20 Short EMG bursts (< 100 msec) 
were not counted. The result was represented as the percentage 
of 3-sec mini-epochs with phasic EMG activity.

Tonic EMG activity: each 30-sec epoch was scored as tonic 

or atonic depending on whether tonic chin EMG activity was 
present for more or less than 50% of the epoch.

Increases of tonic or phasic EMG concurrent with respira-
tory events, PLMS, spontaneous arousals, and snoring signal 
artifacts were excluded from analysis.11,20 The total EMG ac-
tivity was presented as the percentage of REM related EMG 
activity (REMREEA) with the percentage of tonic EMG ac-
tivity plus the percentage of phasic EMG activity rather than 
the average of the percentage of tonic EMG activity and phasic 
EMG activity.21

video Monitoring

Based on videographic analysis, motor events were subdi-
vided into following categories:

Significant movement was used to describe the apparent 1. 
dream enactment in terms of complexity of behaviors, such 
as punching, sitting up, fighting, kicking, automatism, and 
jumping out of bed.
Vocalization included muttering, talking, laughing, and 2. 
shouting.
Simple motor event was used to describe myoclonic events 3. 
and muscle twitching that usually might not be observed 
or noticed by their bed partners but could be observed by 
the rater.
Other unclassified movement.4. 
If the motor events were observed in the video during REM 5. 
sleep, the patients would be marked as positive in related 
events. The total numbers of patients with any kind of mo-
tor events in night 1 and night 2 were analyzed.

four Modified Criteria in Diagnosing RbD were studied

10% REM related EMG activity (10% REMREEA): The 1. 
REM sleep time with tonic and phasic EMG activity were 
presented as a percentage of total REM sleep time. In this 
study, we used the 10% REMREEA as a cut-off point for 
indicating probable diagnosis of RBD.21

REM sleep without atonia (RSWA): The ICSD-2 crite-2. 
rion was defined as PSG abnormality of either excessive 
augmentation of chin EMG tone or excessive chin or limb 
EMG phasic twitching during REM sleep.1,26 This clinical 
impression was based (in our sleep center) on consensus 
meeting by experienced polysomnographic technicians and 
clinicians. Basically, it differed from the 10% REMREEA 
criterion by lacking detailed quantification and could be 
considered as a crude measure of REM activities.
Video monitoring of REM related movement: Identifiable 3. 
motor activities related to dream enactment during REM 
sleep by video analysis.
Combination criteria with both PSG and video: combina-4. 
tion of PSG criteria REMREEA or RSWA with video mo-
tor events as the criteria of RBD.

statistical analysis

SPSS 13.0 (Release13.0; SPSS, Chicago, IL) for Windows 
was used for all statistical analysis. Descriptive statistics were 
given as means ± standard deviations as well as frequencies 
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(percentage). Paired-samples t test was employed to compare 
the normally distributed variables between night 1 and night 2 
in 55 patients as well as the subgroup analysis. For those with 
non-normally distributed data in both overall group (n = 55) and 
subgroups analysis, Wilcoxon signed rank test was employed. 
Associations were tested for significance with the nonparamet-
ric Spearman correlation coefficient, while the κ coefficient 
and raw agreement were used to compare the night-to-night 
variability. Because of the extremes of the proportion of posi-
tive ratings, the kappas in some of the variables were very low 
even in those with high diagnostic agreement.27 Therefore, we 
also used raw agreements to measure the agreements of vari-
ous measurements between night 1 and night 2. All the t-tests 
and the nonparametric tests were 2-sided. P-value below 0.05 
for most of the analysis and in view of multiple comparisons, 
adjusted P-value for the three subgroups comparison, P < 0.017, 
were considered statistically significant.

REsUlTs

As summarized in Table 1, our RBD patients were predom-
inantly old male subjects with a mean duration of illness >4 
years. Among them, 18 patients were already given low-dose 
clonazepam treatment for control of RBD symptoms, and 28 
patients required CPAP titration for management of significant 
OSAS in the second night. Five patients with significant OSAS 
were on CPAP in the third night. The third night data of these 5 
patients were not analyzed in the current study. Eight patients 
were treated with antidepressants for their psychiatric condi-
tions: 4 with tricyclic antidepressants (clomipramine), 3 with 
SSRIs (2 with citalopram and 1 with fluoxetine), one with bu-

propion. Among the 9 patients with neurodegenerative diseases, 
4 had Parkinson disease, 3 had dementia, and 2 had Parkinson 
disease and dementia.

sleep architecture variability in night 1 and night 2

The results shown in tables 2 and 3 indicated that the major 
differences between night 1 and night 2 were mainly shortened 
REM sleep latencies, decreased stage 1 sleep percentages and 
decreased arousal index in night 2 when comparing with night 
1. As for the subgroup differences, the first night effect (FNE) 

Table 1—Demographic Characteristics of 55 Patients with 2 Con-Characteristics of 55 Patients with 2 Con- of 55 Patients with 2 Con-
secutive Nights PSG Study

 
Age (yr) 65.8 (11.2)
Male/female 44 (80%)/11 (20%)
Age of clinical history onset (yr) 61.4 (12.1)
Disease duration (yr) 4.4 (2.6)
Neurodegenerative diseases 9 (16.4%) 
AHI in the first night 23.4 (24.9)
PLMS index in the first night 14.4 (27.6)
Treatment with antidepressants  8 (14.5%)
Treated with clonazepam when under study 18 (32.7%) 
Dosage of clonazepam (mg) 0.51 (0.26)
With CPAP titration on the second night  28 (50.9%)
With both clonazepam and CPAP 11 (20%)
Without clonazepam and/or CPAP 19 (34.5%)

Data presented as mean (SD) or frequency (percentage)

Table 2—Sleep Architecture and EMG Variables of 55 Patients with RBD 

  All subjects (n = 55)
 Night 1 Night 2 P value
 Mean (SD) Mean (SD)
Time in bed (min) 507.43 (97.25) 516.94 (67.7) 0.41
Total sleep time (min) 354.89 (98.78) 358.73 (57.92) 0.73
Sleep efficiency (%)  69.75 (14.45) 69.58 (12.29) 0.94
Sleep onset latency@ (min) 23.36 (16.53) 22.88 (15.42) 0.27
REM sleep latency@ (min) 139.9 (91.25) 102.53 (72.76) 0.002*
Wake after sleep onset@ (min) 132.88 (78.75) 138.94 (74.48) 0.37
Stage 1@ % 18.49 (9.89) 14.58 (7.02) 0.013*
Stage 2% 61.19 (10.97) 63.58 (9.82) 0.08
Slow wave sleep@ % 0.81 (1.72) 1.11 (2.99) 0.74
REM sleep@ % 19.51 (8.01) 20.94 (7.60) 0.31
REM sleep duration@ (min) 70.78 (37.61) 76.34 (32.73) 0.31
Arousal index@ 20.39 (18.41) 12.41 (10.37) 0.002*
PLM index@ 16.02 (28.41) 14.70 (22.59) 0.81
AHI@ 24.13 (24.09) 10.11 (13.1) <0.001*
% of tonic EMG activity@ 24.31 (23.38) 26.55 (24.57) 0.47
% of phasic EMG activity@ 9.36 (6.44) 9.55 (6.78) 0.80
% of phasic + tonic EMG activity@ 33.67 (23.42) 36.10 (25.05) 0.43
REM density@ 26.56 (12.02) 27.35 (13.90) 0.86

*P<0.05 @ variables were tested by Wilcoxon signed-rank test. Other comparisons were tested by paired-samples t test
AHI: Apnea-hyponea index (28 subjects received CPAP on the second night with lower AHI)
PLM index: periodic limb movement index
REM density was defined as the number of rapid eye movements per minute of REM sleep.
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phasic EMG activity (r = 0.83, P < 0.05) and total EMG activity 
scores (and r = 0.78, P < 0.05) (Table 4).

Diagnostic agreements between night 1 and night 2 by Different 
Criteria (REMREEa, RsWa, video features, and combination 
criteria)

One patient’s video record in the second night was miss-
ing in our database. EMG activity scoring method using 10% 
REMREEA and RSWA as well as video monitoring had satis-
factory sensitivity in the diagnosis of RBD (ranging from 80% 
to 88.9%) in both nights (Table 5). Both the 10% REMREEA 
and RSWA had good night-to-night agreement, with κ ranging 
from 0.44 to 0.65, and raw agreements ranging from 0.86 to 
0.93. However, the video features had poorer night-to-night re-
liability. In particular, “significant body movement,” the most 
likely behavior that might lead to injury to patients and their 
bed partners, had low detection rates in both night 1 and night 
2. Seven patients had <10% REMREEA on both nights (Table 
5). Among them, 5 were on CPAP titration at the second night, 
and none were on CNZ treatment.

Both EMG criteria had good diagnostic agreement with 
each other but lower diagnostic agreements with video analy-

was mainly found in the patients with significant OSAS who re-
quired CPAP titration. With the adjusted P value < 0.017, most 
of the variables in patients group with CNZ and patients group 
without both CPAP and CNZ had no differences between night 
1 and night 2, except for the AHI in patients group with CNZ. 
The AHI difference might reflect the CPAP titration of 11 pa-
tients. The average REM sleep durations in 55 patients were 
70.8 min and 76.3 min respectively. About 7% (4/55) of the 
patients in the first night and 9% (5/55) in the second night had 
REM sleep duration < 20 min.

Quantitative EMg activity variability in night 1 and night 2

As CPAP and clonazepam treatment might affect sleep archi-
tecture and RBD clinical symptoms,11,12,28 we compared the night 
1 and night 2 variability in the overall group and the subgroups 
with clonazepam or CPAP treatment. The tonic and phasic EMG 
activity did not change from night 1 to night 2 in the overall 
group and among any subgroups. Similarly, REM density, an-
other phenomenon thought to be related to the phasic activity in 
REM sleep did not differ between groups over the 2 nights.

Tonic EMG activity in night 1 was highly correlated with 
that recorded in night 2 (r = 0.82, P < 0.05), and similarly for 

Table 3—Sleep Architectures and EMG Variables in Subgroups

 Patients without CPAP Patients with CPAP Patients with CNZ (n = 18)
 or CNZ (n = 19) titration on night 2 (n = 28)
 Night 1 Night 2 P value Night 1 Night 2 P value Night 1 Night 2 P value
 Mean (SD) Mean (SD)  Mean (SD) Mean (SD)  Mean (SD) Mean (SD) 
Time in bed (min) 527.6 (101.3) 508.0 (72.6) 0.44 492.05 (100.72) 518.30 (69.03) 0.048 492.15 (82.64) 510.76 (55.70) 0.22
Total sleep time (min) 343.9 (98.6) 340.0 (61.8) 0.86 361.18 (105.00) 345.75 (70.79) 0.42 338.71 (97.46) 339.24 (80.87) 0.98
Sleep efficiency (%)  65.7 (15.3) 67.6 (12.9) 0.43 72.84 (12.76) 67.75 (14.15) 0.17 68.84 (15.90) 66.79 (16.40) 0.70
Sleep onset latency@ (min) 26.3 (18.5) 28.9 (20.6) 0.77 19.34 (14.60) 19.66 (11.68) 0.81 26.47 (15.35) 18.71 (7.55) 0.026
REM sleep latency@ (min) 144.3 (110.1) 102.5 (67.1) 0.23 140.41 (96.71) 100.52 (73.94) 0.011* 167.11 (88.53) 121.50 (94.16) 0.078
Wake after sleep onset@ (min) 154.7 (94.6) 136.1 (77.2) 0.33 100.52 (73.94) 112.44 (56.55) 0.015* 124.68 (78.53) 144.50 (81.32) 0.28
Stage 1, %@ 15.6( 9.5) 15.1 (7.9) 0.97 20.27 (10.30) 14.3 (6.87) 0.013* 18.53 (10.57) 12.74 (6.55) 0.062
Stage 2, %@ 62.50 (12.6) 62.4 (12.4) 0.81 59.90 (10.12) 64.32 (8.92) 0.053 64.35 (9.76) 66.35 (9.76) 0.36
Slow wave sleep@ % 1.55 (2.32) 1.04 (2.33) 0.38 0.43 (1.23) 1.35 (3.67) 0.13 0.15 (0.47) 1.16 (3.82) 0.23
REM sleep@ % 20.38 (9.04) 21.45 (8.55) 0.55 19.4 (7.77) 20.43 (7.67) 0.68 16.99 (6.68) 19.98 (8.64) 0.19
REM sleep duration@ (min) 73.21 (45.76) 74.55 (33.06) 0.47 72.30 (33.57) 75.75 (34.49) 0.97 59.97 (28.73) 74.39 (39.99) 0.30
Arousal index@ 15.39 (16.17) 14.82 (12.41) 0.79 25.81 (20.75) 11.21 (9.84) 0.001* 20.25 (18.00) 11.05 (11.20) 0.045
PLMS index@ 13.82 (21.90) 13.73 (22.46) 0.86 13.76 (22.72) 15.02 (24.40) 0.81 26.78 (39.89) 20.89 (25.74) 0.60
AHI@ 18.03 (19.89) 17.68 (18.84) 0.89 32.44 (26.61) 4.76 (6.12) <0.001* 22.88 (26.40) 5.728 (7.44)# 0.003*
% of tonic EMG activity@ 27.64 (26.10) 31.37 (25.56) 0.31 19.32 (20.70) 17.53 (18.02) 0.49 34.73 (21.60) 38.52 (24.4) 0.68
% of phasic EMG activity@ 9.52 (5.79) 10.06 (5.81) 0.57 9.30 (7.31) 9.31 (7.71) 0.47 10.29 (8.10) 7.96 (4.15) 0.15
% of tonic + phasic activity@ 37.16 (25.36) 41.43( 24.70) 0.21 28.61 (21.87) 26.83 (21.19) 0.51 45.02 (18.67) 46.48 (22.72) 0.98
REM density@  23.53 (11.40) 24.84( 16.79) 0.52 28.19 (12.83) 31.31 (11.15) 0.55 28.64 (15.85) 26.41 (13.11) 0.65

*Adjusted significant P value was < 0.017 (adjusted for multiple comparison). 
@ variables were tested by Wilcoxon signed rank test. Other comparisons were tested by paired-samples t test
CNZ = clonazepam; #11 patients (61.1%) with CNZ treatment also received CPAP treatment. 

Table 4—The Correlation Between Night 1 and Night 2 Among the Scores of Phasic and Tonic EMG Activity

 55 patients Patients free from CPAP Patients with CPAP Patients with
  and clonazepam (n = 19) on night 2 (n = 28) Clonazepam (n = 18)
Tonic EMG activity 0.82* 0.82* 0.75* 0.668*
Phasic EMG activity 0.83* 0.90* 0.78* 0.713*

*P < 0.05
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night-to-night variability of psg features and video analysis in 
RbD

The main characteristics of the FNE on sleep architectures 
in normal population included decreased total sleep time, lower 
sleep efficiency, less slow wave sleep and REM sleep, more 
frequent awakenings, and longer REM latency.16 With regard 
to the accurate diagnosis of RBD, the amount of REM sleep 
duration was important in capturing the dream enactment be-
havior and REM sleep-related EMG abnormalities. In contrast 
to previous studies (in which some patients had little scorable 
REM sleep)21,30 the average REM sleep duration of our patients 
was on average over 70 min in both nights, and less than 10% 
of the patients had REM sleep duration less than 20 min. In 
other words, it could be considered that there was adequate 
amount of REM sleep to unfold the abnormal EMG activity 
and motor events in our study. Interestingly, the typical features 
of first night effect, except for increased stage 1 sleep dura-
tion and prolonged REM sleep latency, were not conspicuous 
in this study. One might argue that CPAP titration in the second 
night might have posed another FNE for these patients with 

sis (Table 7). When combining EMG criteria (10% REMREEA 
or RSWA) with video features, the detection rates increased to 
94.4% and 96.3% in first night (Table 5). Even when we further 
stratified different subgroup of patients (drug-free, on CPAP), 
the raw agreements between night 1 and night 2 for the combi-
nation criteria were found to be very high (ranging from 0.90 to 
0.96) (Table 6). The results demonstrated that the combination 
criteria had both high sensitivities and good night-to-night reli-
ability in detecting RBD.

DisCUssion

The general demographic characteristics (with a mean age 
of 66.97 ± 9.82 years and male predominance of 82.3%) of the 
current study were comparable with existing literature and our 
own clinical series.8,11,12,29 However, while awaiting PSG stud-
ies, 18 patients had already started low-dose clonazepam for 
their sleep problems. We did not stop the treatment prior to the 
PSG study in order to avoid potential REM rebound phenom-
enon. Nonetheless, clonazepam treatment seemed not to affect 
the PSG diagnosis of RBD.

Table 5—Diagnostic Agreements of Various Diagnostic Measures and Criteria Between Night 1 and Night 2 

 Night 1(+)  Night 1(-) Night 1(+) Night 1(-) Detection Detection Kappa between Raw
 and  and  and  and  rate on rate on night 1 agreement
	 night	2	(+)	 night	2	(+)	 night	2(-)	 night	2(-)	 first	night	 second	night	 and	night	2	
Significant body movement (n = 54) 5 9 8 32 24.1% 25.9% 0.16 0.69
Vocalization (n = 54) 24 8 8 14 59.3% 59.3% 0.39 0.70
Simple motor event (n = 54) 18 6 7 23 46.3% 44.4% 0.52 0.76
Other movements not classified (n = 54) 26 8 8 12 63.0% 63.0% 0.37 0.70
Four	modified	diagnostic	criteria
1. Video analysis (n = 54) 42 6 3 3 83.3% 88.9% 0.31 0.83
2. 10% REMREEA (n = 55) 42 2 4 7 83.7% 80.0% 0.64 0.89
3. RSWA (n = 55) 45 3 3 4 87.3% 87.3% 0.51 0.89
4a. 10% REMREEA and
  video analysis (n = 54) 51 2 1 0 96.3% 98.1% - 0.94
4b. RSWA and video analysis (n = 54) 50 3 1 0 94.4% 98.1% - 0.93

10% REMREEA: 10% of EMG phasic and tonic activity in REM sleep
RSWA: REM sleep without atonia 

Table 6—Diagnostic Agreements Between Night 1 and night 2 in Subgroups of Patients 

 Patients without CPAP Patients with Patients with
 or CNZ (n = 19) CPAP (n = 28) CNZ (n = 18)
	 κ	 Raw	agreement	 κ	 Raw	agreement	 κ	 Raw	agreement
Significant body movement 0.55 0.79 –0.16 0.68 –0.31 0.53
Vocalization 0.27 0.68 0.28 0.64 0.38 0.71
Simple motor event 0.51 0.79 0.57 0.79 0.49 0.76
Other movements not classified 0.42 0.74 0.34 0.68 0.15 0.65
Four	modified	diagnostic	criteria	      
1. Video analysis 0.31 0.84 0.28 0.79 0.30 0.82
2. 10% REMREEA 0.44 0.90 0.65 0.86 - 1.0
3. RSWA  0.46 0.90 0.52 0.86 - 1.0
4a. 10% REMREEA and video analysis - 0.95 - 0.93 - 1.0
4b. RSWA and video analysis - 0.90 - 0.93 - 1.0
 
10% REMREEA: 10% of EMG phasic and tonic activity in REM sleep
RSWA: REM sleep without atonia
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The 10% REMREEA had good night-to-night reliability 
(κ = 0.64) and high sensitivity in identifying RBD in the current 
study. Similar findings were observed in the diagnostic criterion 
of RSWA. The rate of our patients with RSWA (87.3% in either 
night) is comparable with other RBD series,12-14 which reported 
a rate of RSWA of 92% to 100%.

Video analysis is another important tool in the diagnosis of 
parasomnia. Frauscher et al. identified a high number and great 
variety of motor events during REM sleep (54 ± 23.2 events/10 
min) in patients with severe RBD, compared to a control group 
(3.63 ± 2.3 events/10 min).34 However, it was limited by small 
sample size (n = 5), and all visible movements regardless of 
type, amplitude, and duration were described as motor events. 
Our study had a much larger sample size with more detailed 
classification of motor events. Periodic leg movements were also 
found to be more frequent in RBD during REM sleep.35 Thus, 
we excluded the motor events related to respiratory events, pe-
riodic limb movement events, and any kind of arousal-related 
movements as far as possible. In our study, the rates of indi-
vidual subtypes of motor events ranged from 24.1% to 63% in 
the first night with high night-to-night variability (κ from 0.16 
to 0.52 and raw agreements from 0.69 to 0.83). Overall, video 
analysis had only fair night-to-night reliability (κ = 0.31). In 
addition, only one-fifth of the patients presented with signifi-
cant body movement in either night. It seemed that significant 
movements, the most likely behavior that might lead to injury 
to patients and others, did not occur frequently during monitor-
ing and had high night-to-night variability. This was consistent 
with the clinical impression that the dream enactment behavior 
of RBD was episodic.

Comparison of Different Diagnostic Criteria

RSWA is proposed as one of the core criteria in diagnos-
ing RBD by ICSD-2.1 Although it seemed to have face validity, 
there was a need for further evidence to validate this criterion. 
In this regard, our study suggested that RSWA had similarly 
high detection rates (> 80%) in RBD and high diagnostic agree-
ments (κ = 0.56 and 0.61, and raw agreements of 89.1%) with 
the objective quantification criterion of EMG abnormality 
(10% REMREEA) in both nights. In other words, the RSWA 
crude criterion has a good concurrent validity with the quantifi-
cation criterion. Our study lends further support to the validity 
of RSWA and, hence, ICSD-2 criteria in diagnosing RBD.

The diagnostic agreements between PSG method and video 
analysis were only modest (with raw agreements ranged from 
74.5% to 81.9%). However, when the PSG EMG criteria were 
augmented with video analysis, the diagnostic ability was fur-
ther enhanced to over 94% (Table 5).

One of the major limitations of the study was the absence of 
a matched normal control group. However, as this study aimed 
at studying night-to-night variability, the inclusion of control 
subjects were felt not necessary. As the 10% REMREEA cut-
off point was based on clinical impression with a small sample, 
among which all of the RBD patients had neurodegenerative 
diseases, future study should include a larger sample size with 
normal control and various severity of RBD to determine the 
diagnostic cutoff among different subtypes of RBD (such as 
typical RBD and drug-related RBD).21 Another limitation of the 

consequent variability in the diagnosis of RBD. Similarly, the 
use of clonazepam, a benzodiazepine, with known anxiolytic 
and therapeutic effects on RBD features, could potentially 
minimize FNE, behavioral presentations, and EMG activity.20,31 

However, FNE was not found in both the subgroup of patients 
with CNZ and the subgroup of patients without CNZ or CPAP. 
The scores of tonic and phasic EMG activities in the overall 
group, CPAP and clonazepam treatment groups did not differ 
between night 1 and night 2. In other words, high night-to-night 
reliability was found in both phasic and tonic EMG activity 
scores between night 1 and night 2 among all RBD patients and 
subgroups. The likely reason that clonazepam did not affect the 
diagnostic accuracy might be related to their low starting doses. 
Interestingly, no significant FNE was seen in the subgroup of 
RBD patients who were free from CPAP and clonazepam treat-
ment, albeit there was a nonsignificant prolongation of REM 
sleep latency in the first night. Older subjects were suggested 
to have greater FNE.18 It has been suggested that FNE might 
last for more than one night, and 3 consecutive nights might 
yield more reliable sleep data.18,32 However, a recent study in-
vestigating the FNE phenomenon across 3 different periods of 
4 consecutive nights suggested that the FNE was present only 
in the “very first night” of the first period.33 Thus, our data of 
relatively weak FNE in this group of elderly patients with RBD 
argued against prominent adaptation problem for elderly, as 
well as the need for multiple sampling nights for RBD. None-
theless, the relationship among age, sleep disorders, and FNE 
will require further study of larger sample size across different 
sleep disorders.

The EMG activity in current study seemed to be slightly low-
er than other studies, with EMG activity of 33.7% of REM sleep 
epochs in the first night and 36.1% in the second night.5,11,20,21 
The exact reasons were unclear but might be related to the exclu-
sion of all EMG activity related to PLMS and respiratory events 
(as far as possible). In addition, most of the patients (>83%) in 
current study were thought to have “idiopathic” RBD, whereas 
most of the previous studies were conducted on those patients 
with advanced neurodegenerative diseases.5,20,21

Table 7—Diagnostic Agreements Between Different Criteria in 
Night 1 and Night 2

Diagnostic	agreement	between:	 κ	 Raw	agreement
RSWA and 10% REMREEA
  criteria in night 1 (n = 55) 0.56 0.89
RSWA and 10% REMREEA
  criteria in night 2 (n = 55) 0.61 0.89
RSWA and video analysis
  in night 1 (n = 55) 0.27 0.82
RSWA and video analysis
  in night 2 (n = 54) - 0.80
10% REMREEA criteria and
  video analysis in night 1 (n = 55) - 0.75
10% REMREEA criteria and
  video analysis in night 2 (n = 54) - 0.75

10% REMREEA: 10% of EMG phasic and tonic activity in REM 
sleep
RSWA: REM sleep without atonia

Diagnosis of RBD by Video-PSG – Is One Night Enough?—Zhang et al
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study was that the intrarater reliability for visual scoring pro-
cedure of quantitative EMG activity was not performed. The 
automated computerized algorithm developed by Consens and 
coworkers could greatly enhance test-retest reliability and ef-
ficiency and could be an important diagnostic tool for RBD.22

In summary, the 10% REMREEA, RSWA, and combination 
criteria (combining EMG and video features) had good night-to-
night reliability and high sensitivity in identifying the diagnosis 
with clinical probable RBD. Although high sensitivity was also 
found in video analysis, its night-to-night reliability was poor-
er. In contrast to the suggestion that a single night study might 
not be adequate for patients with suspected parasomnia19 and 
RBD,22 we demonstrated that a single night of video-PSG study 
might be adequate clinically in diagnosing patients with a his-
tory suggestive of RBD, and the combination of PSG and video 
analysis could enhance the detection rate. In addition, the pres-
ence of OSAS and use of CPAP and clonazepam treatment did 
not influence the diagnostic accuracy of video-PSG. The cost 
implication of our study was significant, as an additional night 
of PSG will mean extra manpower, resources, and lengthening 
of the waiting list.17
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