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Abstract
Background Manual analysis of sleep,
breathing, and oxygenation records is the
"gold standard" for diagnosing sleep
abnormalities but is time consuming and
cumbersome. The accuracy and cost of a
computerised sleep analysis system have
therefore been investigated.
Methods Manual and computerised
(CNS Sleep Lab) scores from 43 consecu-
tive clinical sleep studies were prospec-
tively compared for accuracy and the
time and costs were recorded.
Results There were good correlations
and no systematic differences between
manual and computer scoring for total
sleep time, sleep onset latency, and dura-
tion ofREM sleep. There was a small but
clinically insignificant systematic differ-
ence in breathing pattern analysis, the
number of hypopnoeas/hour being lower
with manual than with computer scoring
(13 (SE 3) v 15 (SE 3)/hour). There was
no difference between computer and
manual scoring of the frequency of
apnoeas, so the frequency of apnoeas +
hypopnoeas was clinically insignificantly
higher with computer scoring with a
highly significant correlation between the
two techniques. The time taken to per-
form the analyses was not different
between the two methods (manual 83 (SE
8) v computer 86 (SE 8) minutes). The
computer system was six times more
expensive than the manual system and
annual running costs, including full
maintenance contract and 15% deprecia-
tion, were twice as great.
Conclusion The CNS Sleep Lab is
sufficiently accurate for use in clinical
sleep studies but is significantly more
expensive and does not save technician
time.

(Thorax 1993;48:280-283)

The "gold standard" for diagnosing the sleep
apnoea-hypopnoea syndrome and other sleep
related disorders is polysomnography. '
Manual analysis of polysomnograms is time
consuming and thus expensive in terms of
technician time; it also generates large vol-
umes of paper trace- 13 kg of paper measur-
ing 15 x 32 x 45 cm per night in our

laboratory-with resultant purchase and stor-
age costs. Data acquisition techniques which
allow electronic storage of sleep studies and
automated or semiautomated analysis could
thus save time and money and be extremely
useful if they were sufficiently accurate. We
have therefore examined the accuracy of
polysomnography carried out with the CNS
Sleep Lab (CNS Inc, Chanhassen,
Minnesota, USA) and have studied the
potential for time and cost savings.

Methods
The CNS Sleep Lab is a fully interactive sys-
tem in which the technician scans the individ-
ual sleep study and determines the thresholds
to be used for that study. We prospectively
compared the accuracy of manual and CNS
Sleep Lab scoring and recorded the time
spent scoring the studies by the two tech-
niques. All scoring was performed by one
polysomnographer with five years' full time
experience of manual sleep scoring and one
year's experience with the CNS Sleep Lab.
The manual and CNS Sleep Lab records
were analysed by the technician in a
randomised order so that there was no
knowledge or memory of the results of the
alternative analysis. The scoring time includ-
ed the time spent generating final reports.

Sleep studies were carried out in our
standard fashion' with recording of air flow at
the mouth and nostrils by thermocouples;2
thoracoabdominal movement by Respitrace
(Ambulatory Monitoring, Ardsley, New
York, USA); ear oxygen saturation by
Ohmeda 3700 Oximeter; and electrocardio-
graphy, anterior tibial electromyography
(EMG), and sleep scoring by standard
criteria3 with electroencephalography (EEG),
EMG, and electro-oculography performed
with our standard electrode placement.2 All
these signals were recorded on paper trace
from a time base recorder (SLE 1 6b,
Specialised Laboratory Equipment, Croydon,
UK) running at 15 mm/second. All signals
were also recorded on optical disk by the
CNS Sleep Lab.

Forty three consecutive patients under-
going evaluation in our sleep laboratory took
part in the study. The whole night of each of
these records was scored to give the following
sleep and respiratory variables that we
normally obtain from all clinical sleep studies.
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Figure I Total sleep tinie
(TST) by nanual and
conmputer (CASS) svstems
displayed (A) as an x/y
plot (r = 0 91; p < 0 001)
and (B) as a plot of the
difference betzveen the two
techniques against their
mnean.
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Figuire 2 Rapid eye
movement (REM) latetncy
by mlanuiial and contputer
miiethod displayed (A) as
ani x Vy plot (r = 0-44;
p < 0.01) anid (B) as a
plot of the differetnce
between the two techniquies
againist their nmeani.
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Sleep:
Sleep period time (SPT)
Sleep onset latency (SOL)
Total sleep time (TST)
Rapid eye movement (REM) sleep latency
REM sleep duration

Respiratory apnoeas:4
Total per night and per hour TST

Respiratory hypopnoeas:5
Total per night and per hour TST

STATISTICAL ANALYSIS
The results of the two analytical techniques
were compared by Student's t test, correla-
tion analysis, and the method of Bland and
Altman.6

Table I Comparison of nmanual and computer scoring of sleep and respirator, varables

Manual sconrng CNS Sleep Lab Difference

Mean SD Mean SD Mean 95% CI

TST 335 56 331 55 3 -4 t 10
SPT 395 33 389 36 5 -1 + 8
SOL 211 24 21 24 -02 -2 + 2
RE4Mlat 113 71 103 66 9 -13 + 31
REMdur 40 28 35 26 5 -1 + 11
AI 0 5 2 0 5 2 0 -03 + 0-3
HI 3 17 1-5 17 -1 0 + 2
A+HI 14 18 15 18 -1 0 + 2

TST-total sleep time (min); SPT-sleep period time (min); SOL-sleep onset latency (min);
REMlat-REM latency (min); REMdur-REM duration (min); Al-apnoea index
(events hour); HI-hvpopnoea index (events/hour); A + HI-apnoea t hypopnoea index
(events hour).

Results
Adequate traces were obtained on both the
time base recorder and the CNS computer
for sleep pattern analysis in all 43 patients.
There was a good correlation (fig 1) between
manual and computer scoring of TST with
no systematic difference in the results of
manual or computer scoring (table 1; fig 1).

Similarly there were no significant differ-
ences (table 1) between manual and com-
puter scoring for SOL (p = 0-86; r = 0 97,
p < 0-001), REM sleep latency (p = 0-42;
r = 0 44, p < 0-01; fig 2) or REM sleep dura-
tion (p = 0-13; r = 0-85, p < 0-001).

Thirty four breathing traces were techni-
cally suitable for analysis by both techniques.
There was a small but consistent difference
between the manual and computer scoring of
frequency of apnoeas + hypopnoeas (fig 3).
Table 2 Comparison of costs of manual and computer
scoring systems

Manual Computer
Costs () (IC)
Capital 15 686 88 125
Annual

Paper or disk 3 280 1 213
Full maintenance 1 568 7 038

contract
Depreciation at 15% 2 353 13 219
Paper storage 3 240 -

Total annual costs 10 441 21 470
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Figure 3 Episodes of
apnoea and hypopnoeal
hour slept (A + Hlh) by
manual and computer
(CASS) techniques
displayed (A) as an xly
plot (r = 099; p <0001)
and (B) as the difference
between the results of the
two methods against their
mean.
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This small discrepancy was because of a high-
er number of hypopnoeas recorded with com-
puter scoring (p < 0O05), but there was no

difference in the low number of apnoeas

detected by the two methods.
The mean time taken to perform the full

analyses of sleep and breathing patterns was

not different between the two methods
(manual, 83 (SE 8) v computer, 86 (SE 8)
minutes). Similarly, there was no difference
in the time taken to score sleep durations (39
(SE 2) v 40 (SE 3) minutes) or breathing
pattern (43 (SE 8) v 46 (SE 7) minutes).

COSTS
The capital costs of the recording systems
used are nearly six times greater for the
computer system (table 2). Annual running
costs are based on 200 studies per recorder
per year and the assumption that all data will
be stored for five years. Annual running costs,
including a full maintenance contract, the
cost of paper storage (disk storage will nor-

mally be free as disks will be stored within the
laboratory), and 15% depreciation of capital
costs, were over twice as high for the CNS
Sleep Lab system as for a paper recording
system (SLE polygraph). These figures do
not include technician time or the costs of the
other apparatus used in the sleep laboratory,
all of which will be similar for the two
methods.

Discussion
This study shows that the accuracy of
computer interactive scoring of sleep and
breathing records is similar to that of manual
scoring. It also shows, however, that the
computer system used does not save tech-
nician time when compared with the abbrevi-
ated manual scoring system used in our

laboratory.
Automatic or semiautomatic systems for

monitoring sleep, breathing and oxygenation,
or both, have proliferated in recent years.
These range from computer programs for
analysing overnight oximetry through limited
sleep studies incorporating breathing and

A + H/h (manual) + A + H/h (CASS)/2

oxygenation such as the MESAM7 to full
polysomnography systems.8 The advantages
of the polysomnography systems are that they
should theoretically be able to detect all the
abnormalities picked up at routine
polysomnography, including respiratory
events not associated with desaturation that
occur in at least 25% of cases,' as well as dis-
turbances of sleep pattern due to non-respira-
tory causes. In addition, computerised
polysomnographic equipment should be able
to be used to document daytime sleepiness
and sleep onset REM sleep during multiple
sleep latency tests if sleep and REM sleep
latency can be accurately assessed. The CNS
system has the additional advantage of being
interactive, allowing the technician to set
specific thresholds for each patient.

There has, however, been a paucity of
studies validating computerised techniques
against routine paper trace polysomnography,
the only published studies on the CNS Sleep
Lab system being abstracts on small numbers
of patients.910 This study shows that the CNS
system can be used to adequately score sleep
and breathing patterns. There is a degree of
variability between the results obtained by a

manual scoring system and the CNS Sleep
Lab, but this must be seen against an up to
15% interobserver variability in the manual
scoring of sleep traces.
The technician took as long to score the

records on the computer as from the paper
trace. The reasons for this include the use of
the abbreviated sleep score, in which non-

REM sleep is not subclassified; this we con-

sider adequate for clinical sleep studies as

subdivisions of non-REM sleep are not clini-
cally important. Nevertheless, the CNS sys-
tem produces a much more detailed
breakdown of the overnight sleep, breathing,
and oxygenation changes and some laborato-
ries might find this facility useful. In this
study the technician was seeking the most

accurate scoring possible from the CNS Sleep
Lab system and it might have been possible
to perform some of the analyses faster at the
expense of accuracy. During the CNS Sleep
Lab scoring time there were short periods of
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less than five minutes when the technician
could leave the computer to proceed with the
analysis, but in practice these gaps were too
brief to allow other major tasks to be per-
formed. The only area in which our data
show that the CNS Sleep Lab was sufficiently
inaccurate to cause concern in clinical prac-
tice was in the scoring of REM sleep latency
(fig 2). Although the computer system was
accurate in most cases, there was consider-
able variability and this might be important in
the recognition of early REM sleep, which is
particularly important during the multiple
sleep latency test."'
A definite advantage of the CNS system is

the replacement of the paper trace by optical
disk. This not only gets around practical
problems, such as pens failing, paper sticking
and storage, but also greatly aids retrieval of
earlier sleep studies. Reviewing previous
paper records is a major logistic and physical
feat in many sleep laboratories. In addition,
some laboratories believe that it may be
possible to dispense with an overnight
technician when paperless systems are used.
The CNS Sleep Lab system is adequately

accurate for clinical sleep studies but does not
save technician time and is associated with
much higher capital costs than conventional
paper trace polysomnography.

This study was supported by a grant from the Scottish Home
and Health Department.
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