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Validation of automated sleep stage and apnoea analysis 
in suspected obstructive sleep apnoea 
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A BSTRA CT: Full·night polysomnography is necessary for U1e diagnosis of ob· 
s tructive sleep apnoea (OSA). However. anulysis of tbe sleep stages and apnoeas 
is time·consuming. Computer· syslems for automated ana lysis have, UJUs, been 
developed to a lleviate this task. 
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T he mean difference between visual scoring and automated analysis was ·l, 
Ul. ·140, ·3, I and 27 rnin, for sleep stages awake, I. 11, UL. IV and rapid eye 
movement (REM) reSI>Cctivcly. For· the upnoea index, the automated ana lysis 
rated a lower figure (mean diffe rence 7·h·', 95% confidence inter val 2-12·h'1) . 

The diagnosis of OSA was performed with a sensitivity of 85 % and l\ specil1city 
or 93 % by automated ltna lysis. Comparison of two independent handscorcs 
showed good agreement, with a mean difference of' 6, 4, J, ·7, L and . J min, 
for s leep stages awake, I, U, Ill , IV and REM, respectively. 
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anal.vsis should only be used by those who arc able lo perform a visual analy· 
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Obstructive sleep apnoea syndrome (OSA) has a 
high prevalence in the adult male population [1, 2). 
Its diagnosis is based on full-night sleep evaluation, 
which invariably involves large amounts of data. 
In the conventional polysomnogram, these data are 
recorded on a paper tracing, which is about 300 m 
long for an 8 h study. The tracings are scored in 30 
s epochs, according to the guidelines of REcHTSCHAFFEN 

and KALES [3), to obtain the sleep stages. Moreover, 
respiration is analysed for the occurrence of apnoeas. 
An experienced investigator needs considerable time 
for the entire analysis. To solve these problems, au
tomated analysis of the electroencephalogram was per
fonned as early as 1932 [4, 5]. Later, digital compu
ter systems were developed [6]. However, a method 
of utilizing automated techniques in the staging of 
sleep in accordance with standardized criteria was not 
applied before 1970 l7. 81. Recentl y. commercially 
available computer systems have been deve loped for 
automated sleep staging and apnoea analysis. In spite 
of their increasing usage, there is still limited knowl
edge about the reliability of these systems. 

We investigated 27 consecutive patients referred 
to our sleep laboratory with suspected OSA. The 
analyses of sleep stages and apnoeas were performed 

by visual scoring [3] and by the computer-assisted 
scoring system (CASS, CNS Sleep Lab, 1000/AMPs. 
Rei. 4540). 

Subjects and Methods 

Twenty seven consecutive patients with suspected 
OSA were monitored during a single night in a 
temperature-controlled and quiet room. The patients 
arrived at our sleep laboratory at 8 p.m. after having 
a light supper. Electrodes for electroencephalogram 
(C3A2 and C4A I of 1he inte rnational 10-20 system). 
e lcctro·oculogram, e lectromyogram and electrocard io· 
gram were pos iti oned, aft e r c leans in g th e :.kin . 
Airflow over the nose and mouth was recorded by 
thermistors, and thorax and abdominal wall motion 
was monitored (respiration monitor, Densa Ltd). 
Arre rial oxygen saturation was measured trans
cutaneously by pulse oximetry (Micro span 30400). 
Before beginning the recording, signals of thorax and 
abdomina l wall motion had to be sufficient in 
different s leep positions. The patients were asked 
to go to bed when they pleased and the recording 
began when the light was turned off. During the 
entire night , the recording was observed on monitor 
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and the amplification of signals was corrected when 
necessary. 

Data analysis 

The polysomnogram was analysed in 30 s epochs 
according to RECHTSCHAFFEN and KALES [3), on moni
tor. A display of !6 s on the monitor was chosen, 
allowing for recognition of alpha-waves and spindles. 
An apnoea was considered obstructive when nasal and 
oral flow were absent, while abdominal or thoracic 
movements were present. A central apnoea was 
scored if nasal and oral t1ow and respiratory move
ments were absent. A mixed apnoea consisted of ab
sent respiratory movements followed by obstructed 
apnoea. Hypopnoea was scored if the amplitude of 
the respiratory movements decreased to 50% of the 
effort signals preceding the hypopnoea [9]. All 
apnoeas and hypopnoeas were required to have a du
ration of at least 10 s. Ten randomly selected patients 
(nos 3, 5, 9, 10, 14. 15, 18, 19, 25, 26) were visually 
scored a second time by another investigator, who was 
naive to the results of the preceding scoring. 

For the scoring of sleep stages, the computer 
calculated an average frequency value from the 
electroencephalogram. A high average frequency value 
was calculated, with predominantly high frequencies 
in the electroencephalogram, and a low average 
frequency value in predominantly slow delta-waves. 
The system scored the sleep stages by the average fre
quency value, the presence or absence of sleep spin
dles, K-complexes, electromyogram amplitude 
and the occurrence of rapid eye movements (REM). 
It was necessary for the investigator performing the 
computer analysis to set upper and lower limits for an 
average frequency value consistent with a given sleep 
stage. This was done by referring to the poly
somnogram. Thereafter, an upper limit was set for 
electromyogram amplitude consistent with stage REM. 

Table 1. - Sleep stages in manual and computer scoring 

Stage w 
Mean 84 
SD 7J 

140 
101 

Visual scoring 
------

II 

187 
99 

Ill 

17 
21 

IV 

5 
17 

REM 

63 
36 

This again was done by referring to the polysom
nogram. Stage I was differentiated from stage II by 
the occurrence of sleep spindles or K-complexes, not 
by the average frequency value. Although it was pos
sible to alter the limits for the recognition of sleep 
spindles, K-complexes, REM and obstructive, central, 
and mixed apnoeas, as well as hypopnoeas, this study 
was perf01med within the limits recommended for the 
equipment in all subjects. The investigator who per
formed the computer scoring was unaware of the re
sults of the visual scoring and vice versa. The time 
needed for visual scoring and for computer scoring 
was recorded. 

Statistics 

All variables were tested for normal distribution and 
are given as mean±standard deviation. The mean dif
ference was calculated as mean value for computer 
analysis minus mean value for visual analysis [lOj. 
The upper and lower 95% confidence interval of 
differences are given. 

Results 

The mean age of the subjects was 57±7 yrs (range 
45-66 yrs). Body mass index was elevated (30±4.3; 
range 19-37). In 13 patients, the diagnosis of OSA 
was established. The automated and visual scoring 
data are given in tables 1 and 2, and in figure 1. 
Agreement between automated and visual scoring is 
reported in table 3. The computer system under
scored stage I and REM and over-scored stage II 
sleep. Agreement between hand and computer scor
ing was higher if sleep stage I was taken together with 
II, and Ill together with IV (table 3). The apnoea 
index (AI) and apnoea-h ypopnoea index (AHl) 
were lower in automated scoring. Differentiation 
between obstructive, mixed and central apnoeas was 
difficult for the automated analysis (table 3). 

------
Computer scoring 

W II Ill IV REM 
------- ----------
85 25 332 20 4 35 

Ill 16 118 38 lO 27 

All values are given in minutes. W: awake; REM: rapid eye movement. 

Table 2. - Apnoeas in hand and computer scoring 

Visual scoring 

0 C M 
--------- --------
Mean 
so 

86 56 43 
117 90 98 

H 

29 
5 

AI 

25 
23 

AHI 

29 
25 

0 

67 
79 

c 
35 
72 

Computer scoring 

M H Al 
-----------
20 27 18 
51 46 18 

0: obstructive; C: central; M: mixed; H: hypopnoea; AI: apnoea index (·h'1); AHI: apnoea index (·h-1) . 

The complete data are available on request from the author. 

AHI 

21 
19 
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Fig. I. - Relationship between visual and computer scoring in 
individual patients: A) for s leep stage l; B) for sleep stage 11; and 
C) for sleep stage REM. Mean values are given in table l . 

Table 3. - Agreement of sleep stages and apnoeas 
in visual and computer scoring 

d u 
-----

W min -I -33 31 
I min Ill -72 140 
U min -140 -186 -93 
III min -3 -11 6 
IV min 1 -2 5 
REM min 27 15 39 
l/IJ min -29 -59 2 
IH/IV min -1 -7 5 
0 18 -9 46 
c 20 -2 43 
M 22 3 41 
H 3 -18 22 
Al·h·1 7 2 12 
AHI·h·• 8 3 13 

d: mean difference; 1: lower 95% confidence limit of dif
ferences; u: upper 95% confidence limit of differences; I/ 
11: stage I and II; III/IV: stage IIl and IV. For further 
abbreviations see legends to tables I and 2 . 

Table 4. - Agreement of sleep stages and apnoeas 
for two independent visual scorers (n=1 0) 

d u 

W min 6 0 12 
1 min 4 -9 18 
Il min 3 -16 21 
III min -7 -23 7 
IV min I -I 4 
REM m in -1 -7 5 
0 21 - !I 52 
c -14 -32 4 
M -8 -48 32 
H -4 15 7 
AI ·h·1 3 -3 9 
AHI ·h·1 2 -2 5 

For abbreviations see legends to tables 1-3. 

Assuming a threshold of lO apnoeas·h·• with more than 
50% obstructive or mixed apnoeas for the diagnosis 
of OSA, there were two false negatives and one false 
pos ttt vc. Accordingly. sensitivity was 85% and 
specific ity 93%. Agreement between two visual scor
ers for s leep stages anti apnoeas is given in table 4, 
nnd wns beuer than the agreement between automated 
and visual scoring. The time needed for visual scor
ing was 186±76 min; considerably longer than for au
tomated analysis, which took 53±27 min . 

Discussion 

OSA is a common disease with a prevalence of 
about 0.3% in middle-aged rrien, and considerably 
higher in hypertensive and overweight patients [ 1, 2]. 
The disease is related to an increased mortality, which 
is likely to be reduced by treatment with continuous 
positivt< airway pressure [11, 12]. Therefore, 



VALIDATION OF AUTOMATED SLEEP ANALYSIS 51 

diagnosis of OSA is important and some automated 
devices have been used for screening OSA [13, 14]. 
However, even after this screening, some patients still 
require polysomnography. Manual recording and 
analysis of the polysomnogram is time-consuming. 
Automated analysis or computer-aided analysis of the 
data would be advantageous if the results are reliable. 
Two physiological parameters must be analysed: the 
sleep stages for assessment of sleep quality, and the 
number of obstructive, central and !1Uxed apnoeas. 

In the present study, the mean difference between 
visual and automated scoring for the sleep stages was 
between -140 and 111 min, with a wide 95% confi
dence interval (table 3). Previous data of automated 
sleep stage scoring were somewhat better [8, 15-19]. 
For example, HOLLER et al. [16] reported only 4-8% 
difference between automated and visual scoring. 
However, in these studies, mainly normal young adults 
were investigated. For young adults, automatic scor
ing consistently gives a higher agreement as compared 
to older subjects [17, 19]. This may reflect the fact 
that the rules for sleep scoring were primarily derived 
from young subjects. It is likely that the automated 
scoring system is more susceptible to poor quality of 
recording and artifacts than visual scoring. The pa
tients investigated in our study were old, mostly obese 
and sometimes had low signal quality, with frequent 
artifacts due to breathing, snoring and movements. 
The automated analysis detected too many spindles and 
K-complexes and, thus, overscored stage Il sleep. The 
computer analysis consistently rated less REM sleep 
as compared to visual scoring. This may be explained 
by the fact that rapid eye movements occur relatively 
seldom and are often of small amplitude, as compared 
to rapid eye movements in stage awake or I. When 
analysing only the electroencephalogram, the auto
mated system cannot differentiate stage REM from 
stage I sleep. Therefore, a reliable electromyogram is 
crucial for the recognition of REM sleep. However, 
the electromyogram tracing is often disturbed by body 
movements, breathing, snoring and myocardial activ
ity. In previous studies, computer analysis also un
derscored stage REM [8, 16, 19]. 

We found visual scoring of the stored data easy to 
accomplish on the computer screen. When 16 s of the 
polysomnogram were shown on the screen, alpha
waves, sleep spindles, K-compJexes and delta-waves 
could be detected. This corresponds with the data of 
HOELSCHER et al. [15): comparing screen-by-screen 
scoring with paper scoring in 16 patients, they found 
only slight absolute deviations and a correlation of 
r>0.9 for all sleep parameters. In our study, the mean 
difference between two independent handscores was up 
to 6 min for the sleep stages (with a small confidence 
interval) (table 4). These results are comparable to an 
interscorer agreement of 80-95% reported in the lit
erature [8. 15- 19]. 

Although the definitions of sleep stages given by 
RECHTSCHAFFEN and KALES (3 j are justified by eco
nomic and reliable scoring, they may contribute to a 
misinterpretation of the underlying biological process. 

The concept of sleep as a sequence of different stages 
is not a biological fact but a methodological conven
tion [18]. Indeed, a computerized classification, which 
allows for segmentation of the electroencephalogram 
into a series of stable patterns of variable and often 
short duration [20], has proved useful. The gradual 
changes in electroencephalographic activity obtained by 
automated analysis, therefore, may be advantageous. 
Furthermore, automated analysis reveals consistent 
results, whereas visual scoring does not. 

In our investigation, the computer system underes
timated AI and AHI. This was in part caused by scor
ing of an epoch with an apnoea during wakefulness, 
thus excluding this apnoea from the calculation of AI 
or AHI. Another problem was the poor quality of the 
respiratory signals in the obese patients, especially in 
some sleeping positions. This also makes visual scor
ing difficult, as is shown by the wide 95% confidence 
interval of differences between two visual scorers (ta
ble 4). Furthermore. classification in obstructive, cen
tral and mixed apnoeas and hypopnoeas does not 
reflect all possible respiratory changes during sleep. 
If, for instance, nasal and oral flows are decreased but 
the effort is unchanged, this suggests a partial obstruc
tion, which cannot be accurately scored as hypopnoea 
or obstructive apnoea. 

In conclusion, automated analysis of sleep stages and 
apnoeas is time-saving. However, it underestimates 
stage I and REM sleep, AI and AHl. Visual scoring 
is, therefore, advisable for at least some patients, be
fore diagnosis is made and therapy initiated. Auto
mated analysis should only be used by those who are 
able and willing to perform a visual analysis. 
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