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ABSTRACT: The measurement of arousals during sleep is useful to quantify sleep
fragmentation. The criteria for electroencephalography (EEG) arousals defined by the
American Sleep Disorders Association (ASDA) have recently been criticized because of
lack of interobserver agreement. The authors have adopted a scoring method that
associates the increase in chin electromyography (EMG) with the occurrence of an a-
rhythm in all sleep stages (Université Catholique de Louvain (UCL) definition of
arousals). The aim of the present study was to compare the two scoring definitions in
terms of agreement and repeatability and the time taken for scoring in patients with
obstructive sleep apnoea syndrome (OSAS) of varying severity.

Two readers using both ASDA and UCL definitions scored twenty polysomno-
graphies (PSGs) each on two occasions. The PSGs were chosen retrospectively to
represent a wide range of arousal index (from 6-82) in OSAS patients.

There was no difference in the arousal indices between readers and between scoring
methods. The meantsp difference between the two definitions (the bias) was 1.1+£3.76
(95% confidence interval: -0.66-2.86). There was a strong linear relationship between
the arousal index scored with the two definitions (r=0.981, p<0.001). MeanxsSD scoring
duration was significantly shorter for UCL than for ASDA definitions (18.5%5.4 versus
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25.3+6.6 min, p<0.001).

In conclusion, it has been found that in obstructive sleep apnoea syndrome patients,
the American Sleep Disorders Association and Université Catholique de Louvain
definitions were comparable in terms of agreement and repeatability.

Eur Respir J 2001; 17: 723-727.

Sleep fragmentation is one of the recognized deter-
minants of excessive daytime sleepiness [1]. It is cha-
racterized by repetitive short interruptions of sleep.
These interruptions can be variously defined using
electroencephalography (EEG) [2] autonomic [3] or
behavioural markers. An increase in the number of
(short) arousals may be associated with periodic leg
movements and sleep-disordered breathing [4]. The
number of arousals related to the total sleep time, the
arousal index, is useful to quantify sleep fragmentation.

The association between "any increase in electro-
myography (EMG) on any channel, accompanied by a
change in pattern on any additional channel" initially
described by REcCHTSCHAFFEN and KALEs [5] is termed
movement arousal (MA). However, these authors did
not use the arousals as an epoch score, but rather as a
signal to a possible stage change. In 1984, STEPANSKI ef
al. [1] introduced a four-level arousal scoring system.
Level I, the lower degree of arousal, included an
increase in EEG frequency, and an increase in chin
EMG amplitude; the intrusion of an a-rhythm was
considered as an intermediate level of arousal. Since
1987, the present authors’ sleep laboratory (Université
Catholique de Louvain; UCL) has adopted a definition

of arousals that requires an increase in chin EMG (in
addition to the appearance of an a-rhythm in the EEG)
in all sleep stages.

The American Sleep Disorders Association (ASDA)
criteria for EEG arousals were published in 1992 and
are intended to serve as a basis for comparison between
sleep laboratories. On an EEG tracing, arousals are
identified by "an abrupt shift in EEG frequency" lasting
for >3 s. However, the ASDA protocol has recently
been criticized. Notably, DRINNAN e al. [7] have illus-
trated a lack of interobserver agreement. The fact that
the ASDA definition does not take into account an
increase in chin EMG in non-REM sleep was pinpoin-
ted as a possible cause of interobserver disagreement.

It has become common practice to include the
arousal index in the assessment of sleep-disordered
breathing disorders. The arousal index is an indirect
indicator of the severity, not only of the obstructive
sleep apnoea-hypopnoea syndrome (OSAS), but also of
the upper airway resistance syndrome. Moreover, this
index is useful to guide treatment decisions.

The aim of the present study was to compare UCL
and ASDA scoring methods in terms of agreement and
repeatability in a group of patients referred to the
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authors’ institution for suspicion of sleep-disordered
breathing. The hypothesis was that the UCL definition
of arousals, including EMG increase, would give better
repeatability, and would require less time for scoring.

Methods
Polysomnography

Full-night diagnostic polysomnography (PSG) was
performed in each subject according to standard cri-
teria as previously described [5]. A microphone was
glued on the anterior face of the patients’ neck, over the
larynx. Airflow was monitored by three thermocouples
placed in front of the mouth and each nostril and
linked to independent channels. Body position was
recorded (Pro-Tech body position sensor, Woodinville,
USA) via one channel.

All signals were recorded with a digital acquisition
system (OSG Brainlab, Antwerp, Belgium). Sleep and
respiratory parameters were recorded with the follow-
ing sampling rate: Electrooculography (EOG) (2 chan-
nels, right and left) 128 Hz, chin EMG (1 channel)
512 Hz, EEG (3 channels: C4-Al, C3-A2, and C4-02)
128 Hz, electrocardiography (ECG) 128 Hz, thoraco-
abdominal movements 64 Hz, Sa,0, and pulse rate
16 Hz, as previously described [9].

The desaturation index (DI) was the number of >4%
arterial oxygen desaturations per hour of sleep.

UCL definition. A UCL arousal was defined as the
reappearance of an o-rhythm in the EEG during a
sleep epoch, accompanied by an increase in EMG,
both lasting for at least 2 s. The increase in EMG
activity was detected visually, with respect to the
baseline of the sleep epoch (fig. 1).

ASDA definition. An ASDA arousal was defined as
"an abrupt shift in EEG frequency, which may
include theta, alpha and/or frequencies greater than
16 Hz but not spindles". Ten seconds of continuous
sleep must precede the arousal. The arousal must last
>3s and it must be accompanied by an increase
in chin EMG if it occurs during rapid-eye-movement
sleep.

Twenty polysomnographic recordings were chosen
retrospectively to represent a wide range of sleep
fragmentation according to the UCL definition. The
subjects had varying severity of OSAS but the choice
of the PSG included in the study was guided only by
the arousal index. Each PSG had been scored rou-
tinely using the UCL definition before the study.
Routine scoring had been performed by one of 4
readers, and systematically reviewed. The basis of

UCL arousal
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Fig. 1. — Example of an arousal according to the Universit¢ Catholique de Louvain (UCL) definition during stage I sleep. R EOG:
right electroocculogram; L EOG: left electroocculogram, CHIN EMG: chin electromyogram, C4-02, C3-A2, C4-Al: electroencephalo-

graphic derivations.
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selection of the 20 PSGs was the UCL arousal index
during routine analysis.

Two readers scored the twenty chosen PSGs using
both the UCL and ASDA definitions of arousal. The
PSGs were read in random order and each was read
using each definition. After a first reading, all marks
were erased and at least one week later, a second
reading was done performed under the same condi-
tions. The readers visualized only the EEG, EMG and
EOG channels on the PC screen. The UCL arousal
index (AlucL) and ASDA arousal index (AIASDA)
were defined as the number of arousals per hour of
sleep. The first reader was an expert reader with more
than 10 yrs practice in both routine and research
studies. The second reader was much less experienced,
and participated in the study at the end of two months’
training in PSG. The arousal index measured on the
20 PSGs during the repeated readings by the two
readers with the 2 scoring definitions were recorded
(total: 20 x ((2+2)+(2+2))=160 readings). The time
spent to score each PSG by the expert reader with
both definitions was also recorded.

Statistical methods

The intrareader repeatability was compared by one-
way analysis of variance (ANOVA). The repeatability
coefficient of the British Standards Institution was
calculated. This coefficient equals 2 sps of the mean
difference between two measurements. The smaller the
coefficient the better the repeatability.

No difference was found between the repeated
measurements of arousal index and the average of
each pair of values of arousal index was used for further
analysis ((2+2) x 20=80 values of arousal index).

Arousal indices were compared between readers and
between definitions by two-way ANOVA. The agree-
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ment between both methods of scoring was assessed by
linear regression analysis and also according to the
method of BLanp and ArtMman [11]. The relationship
between arousal index scored using the two definitions
was compared between the readers using covariance
analysis.

The time spent to score the PSG by the expert reader
was compared by paired t-test. The relationship be-
tween the scoring time of the expert reader and the
arousal index was assessed by linear regression. All data
are presented as meantsp.

Results

Table 1 shows the individual anthropometric data
of the subjects, their desaturation index, AIUCL and
AIASDA measured by the expert reader.

The repeatability coefficients of the arousal index
measured for the two readers were 4.35 (arousals per
hour of sleep) and 5.00 for the UCL, and 4.39 and
6.23 for the ASDA protocol. There was no difference
in the arousal indices compared between readers and
between definitions by two-way ANOVA.

There was a highly significant linear relationship
between AIUCL and AIASDA measured by the two
readers (fig. 2). There was no difference in the rela-
tionship between arousal index scored according to
the two protocols within the two readers.

Figure 2 shows the relationship between the arousal
index measured according to the two scoring methods
by the expert reader and figure 3 shows the correspond-
ing BLanDp and ArtMman plot. The latter presents the
relationship between the difference in arousals ascend-
ing to the two definitions versus the average value of
arousal index. The mean difference between the 2 de-
finitions (the bias) was 1.1+3.76 (95% confidence in-
terval (CI): -0.66 to 2.86). The difference was normally

Table 1. — Anthropometric data, desaturation index and arousal index of the subjects.

Subject Sex Age BMI DI AlucL AIASDA
1 F 54 453 31 7 4
2 M 74 40.8 67 14 14
3 M 50 34.1 71 48 46
4 M 46 37.7 58 45 44
5 M 50 46.2 16 5 7
6 M 23 25.2 66 50 39
7 M 60 28.3 13 25 25
8 M 53 30.9 41 39 33
9 M 48 30.1 25 34 32
10 M 27 30.0 13 8 7
11 M 38 34.5 12 7 10
12 F 27 35.6 18 26 24
13 M 47 31.6 51 32 37
14 M 47 31.1 44 26 23
15 M 56 30.5 39 17 16
16 M 73 354 26 12 13
17 F 76 29.3 94 54 49
18 M 44 28.7 6 14 20
19 M 41 354 79 61 59
20 M 45 47.0 81 58 58
MeantsD 49+14 34.416.2 42.6%£26.9 29.1£18.6 28.0+17.1

BMI: body mass index (kg'm2), DI: desaturation index; AIUC: arousal index according to the protocol; AIASDA: arousal index
according to the American Sleep Disorders Association protocol.
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Fig. 2. — Relationship between the arousal index (Al) measured
by the expert reader according to the Université Catholique de
Louvain (AlucrL) and the American Sleep Disorders Association
(AlAspA) definitions. The identity line is shown. r=0.981,
p<0.001.

distributed (skewness and kurtosis coefficients <2). The
limits of agreement between both methods were -6.28
and 8.49 (meant1.96 sp, fig. 2). The 95% CI for the
lower limits of agreement were -3.22 and -9.33,
respectively. The 95% CI for the upper limits were
5.43 and 11.54, respectively.

The average duration of scoring by the expert reader
was greater with the ASDA (25.31£6.6 min) than with
the UCL definition (18.5+5.4 min), p<0.001. There was
a positive linear relationship between the arousal index
and the duration of scoring: r=0.54, p=0.01 and r=0.60,
p=0.005 for the UCL and ASDA definitions, respec-
tively, so that the greater the sleep fragmentation, the
longer it took to read the PSGs.
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Fig. 3. — BLAND and ALTMAN plot showing no relationship
between the difference in arousal index (AI) measured with the
American Sleep Disorders Association (AIASDA) and Université
Catholique de Louvain (AlucL) definitions against average arousal
index by the two methods: mean; ----: 1.96 SD of the difference.

Discussion

There was good agreement in scoring using two
different definitions of arousals in a group of patients
with OSAS. The ASDA and UCL definitions were
comparable in terms of agreement and also in their
repeatability. The time spent by the expert reader was
significantly shorter with the UCL than with the ASDA
scoring methods and was related to sleep fragmenta-
tion.

Contrary to the hypothesis, the UCL definition of
arousals, including EMG increase in all sleep stages,
did not allow for better repeatability. It was expected
that this method would permit better pattern recogni-
tion for the visual assessment of arousal on screen.
However this was not the case. The scoring method is
not easier and the experience of the reader did not
influence the reproducibility.

The only difference between the scoring methods
was the time spent to read the PSGs. The shorter time
to score a PSG using the UCL definition of arousals
may represent a true advantage due to the inclusion of
the EMG increase, allowing, if not for better, at least
for faster visual pattern recognition. It could, however,
also be due to the fact that the readers were more
familiar with the UCL protocol.

A recent report showed poor interobserver agree-
ment in the total number of arousals with the ASDA
scoring method [7]. The ASDA definition was criticized
as a possible cause of the interobserver disagreement.
These authors suggested that extending EMG criteria
to all sleep stages might improve the interobserver
agreement. The present authors have not found sig-
nificant discrepancies between the scoring of this
study’s two readers with the two definitions. However,
a different method was used to quantify the inter-
observer agreement. In the report of DRINNAN et al. [7],
the different readers scored individual epochs, while
this study did not assess whether a given event
was scored as an arousal with one definition and not
with the other. However, the overall indices were
similar and statistically the same as the routine initial
reading. It is hard to believe that there could have
been a systematic difference between the events iden-
tified with the ASDA definition and those identified
with the UCL definition.

More recently, LorREDO et al. [12] reported high in-
terscorer reliability with the ASDA definition. These
authors used the intraclass correlation (ICC) test to
compare the interscorer reliability of five definitions of
arousals. The ASDA definition had a good interscorer
reliability (ICC 0.84) but the UCL definition was not
tested. The ICC calculated with the present data were
0.96 with the ASDA and 0.98 with the UCL definitions.

Quantifying sleep fragmentation is believed to be
tedious and cumbersome. Indeed, the present authors
have found that scoring time is related linearly to the
arousal index: the more sleep is fragmented, the more
time it takes to measure it. However, it is interesting to
note that the time needed to count the arousals with
indices as high as 60, rarely exceeds 30 min with the
UCL definition.

Several recent studies have suggested that EEG aro-
usals are only one form of sleep interruption (so-called
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cortical arousals), but that there could be other, more
subtle subcortical, or autonomic arousals which might
be easier to identify and especially to detect using
automated methods. Until much more research ma-
terial is available, the arousal index will remain of
prime importance in the description of sleep fragmenta-
tion.

In conclusion, it has been found that the American
Sleep Disorders Association and the Université Cath-
olique de Louvain definitions were comparable in terms
of agreement and repeatability, in patients with varying
degrees of obstructive sleep apnoea syndrome. The
inclusion of an electromyography increase in all sleep
stages did not result in better reproducibility, but
seemed to lead to a faster reading.
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