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ABSTRACT: The high demand for full polysomnography and the better quality of sleep
at home are the main reasons for performing home sleep studies. Home respiratory
monitoring has been evaluated in several studies, but the influence of setting on the
results of unattended respiratory monitoring has not been assessed to date.

Unattended monitoring of respiratory variables at home and in the sleep laboratory
was conducted in 35 consecutive patients with suspected sleep apnoea/hypopnoea
syndrome. Respiratory variables during sleep, rate of successful studies and patient
preference were compared.

The data acquisition failure rate was 2.8% in the sleep laboratory and 5.7% at home.
The mean difference between apnoea/hypopnoea indices (AHI) obtained from home and
laboratory studies was -0.21¡8 (95% confidence interval 3.27–2.84). Using the method
comparison approach of Bland and Altman, the limits of agreement of the mean
difference between AHI home and AHI laboratory were -16.7 and 17.1. No difference
was observed between the studies in time spent in different body positions. When
patients were asked where they would prefer to repeat the sleep study, 53% replied at
home, 28% in hospital and 19% showed no preference.

It was concluded that the setting of unattended respiratory monitoring (home or sleep
laboratory) influences neither the number of valid studies nor the results of the
respiratory parameters measured; most patients, however, preferred home studies.
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Sleep apnoea/hypopnoea syndrome (SAHS) is a
very common condition [1, 2]. DOUGLAS et al. [3]
showed that recording sleep electrophysiologically
was of no diagnostic value in SAHS as the condition
can be as accurately defined by apnoeas plus
hypopnoeas per time in bed as per time asleep.
These findings have been supported by the results of
many studies comparing monitoring of respiratory
variables with polysomnography (PSG), even in an
unattended setting [4–20]. PSG is indicated when a
discrepancy exists between clinical symptoms and
negative results of respiratory monitoring or when
other diseases causing daytime sleepiness are sus-
pected. The number of patients requiring assessment
of possible SAHS has led to long waiting lists in many
sleep laboratories, and attention is increasingly
focused on domiciliary sleep studies [9, 10, 12, 13,
15, 16, 18, 19]. To the authors9 knowledge, home
unattended respiratory monitoring has exclusively
been compared with full PSG and, in some cases, to
the same portable equipment used simultaneously
with PSG in the sleep laboratory. Owing to the high
demand for full PSG studies in the sleep laboratory,
the authors began to perform unattended respiratory
monitoring of sleep, both in the laboratory and at
home. In order to assess the influence of setting on

the results of the studies, home and laboratory un-
attended monitoring of respiratory variables during
sleep were compared in terms of the number of
technically successful studies, home versus laboratory
variability and patient preference.

Material and methods

Study subjects

Exclusion criteria for participation in the study
were: residence outside the metropolitan area of
Barcelona (w30-min drive), shift work, lack of trans-
portation facilities, symptoms suggesting narcolepsy
or periodic leg movement disorder, or psycho-physical
handicap hindering performance of the home study.
The study population consisted of 35 consecutive
patients referred to the outpatient sleep clinic for
clinically-suspected SAHS.

Study design

The study was performed prospectively with each
patient undergoing two studies of respiratory
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variables during sleep on consecutive nights; the order
(sleep laboratory and home) was randomized. A
power calculation showed that 35 patients would be
required, based on the following assumptions: a
difference in apnoea/hypopnoea index (AHI) of
10¡20 [21], a failure rate of 10% and a statistical
power ¢80% at a significance level of 5%. The
protocol was consistent with the principles of the
Declaration of Helsinki [22]. Studies without 4 h of
interpretable recording were regarded as technically
unsatisfactory and ruled out. The minimum signals
required to define an interpretable recording were
oronasal flow, oximetry and one of the thoracic or
abdominal bands.

Variables analysed from the respiratory recordings
were: time of recording, AHI, mean and nadir arterial
oxygen saturation (Sa,O2), cumulative percentage of
time with Sa,O2 v90% and percentage of time in
different body positions (supine or lateral). After the
performance of both studies, patients were required to
answer a questionnaire on self-perception of sleep
quality, subjective number of hours slept, number of
awakenings and where they would prefer to have the
study repeated.

Methods

The respiratory monitor used was Sibel-Home 300
(Sibel SA, Barcelona, Spain) which records nasal
airflow using thermistors, respiratory effort (chest and
abdomen gauges), snoring (microphone), body posi-
tion and finger pulse-oximetry. The device had been
validated with full PSG [20]. Both home and
laboratory recordings were transferred to a computer
by a technician the following morning and stored on
the hard disk until analysis. The duration of each
recording was used for analysis. The same physician
scored the studies manually and was unaware of the
patient9s name or where the recording was performed.
Apnoeas were defined as absence of oronasal airflow
for ¢10 s and hypopnoeas as a discernible reduction
in airflow for ¢10 s followed by a ¢3% reduction in
Sa,O2. The AHI was obtained by dividing the number
of apnoeas plus hypopnoeas by the time of recording.
SAHS was defined on the basis of an AHIw10 in the
presence of at least two of the following clinical
symptoms: snoring, witnessed apnoeas, nocturnal chok-
ing, nocturia, morning headaches, daytime somnolence
and tiredness. These symptoms were evaluated by the
physician in charge of the patients at an initial visit
prior to the night study.

With respect to home studies, after arriving at the
sleep laboratory at 20:00 h, patients were instructed in
the use of the unattended device fory30 min. A nurse
placed bands on each patient9s chest and abdomen
and the microphone on the suprasternal notch, and
explained how to position the thermistor and the
pulse-oximeter. Patients took the monitor home in a
bag and were told to switch it on upon going to bed,
switch it off upon awakening and return it to the sleep
laboratory the following morning.

Regarding sleep laboratory studies, the same nurse
placed the sensors on the patients, switched on the

monitoring device at 22:00 h and switched it off at
y06:30 h. Both studies were unattended.

Data analysis

Agreement between the AHI obtained from home
and sleep laboratory studies was assessed by the
method of BLAND and ALTMAN [23]. Values were
quoted as mean¡SD and the significance of differences
between means was assessed by a two-tailed t-test.
Category comparisons were made with the Chi-
squared test. Pearson correlations between home and
sleep laboratory AHI and home and laboratory 3%
desaturation rate were obtained.

Results

The mean age of the patients was 55.5¡11.7 yrs and
mean body mass index was 29.1¡3.1 kg?m-2. Two
cases were lost due to failure in acquisition of the
airflow signal (one at home, one in the laboratory) and
one due to fuse failure at home. Thus, the failure rate
was 2.8% at the laboratory and 5.7% at home. The
overall failure rate was 8.57% (95% confidence
interval (CI) 1.80–23.06). Thirty-two patients had
interpretable recordings in both home and sleep
laboratory studies and were suitable for subsequent
analysis (91.5%).

The results of home and sleep laboratory studies
showed no significant differences in any of the
parameters studied except in the duration of record-
ing, which was significantly higher in the sleep
laboratory compared with home studies (8.7¡0.9 and
7.7¡0.7 h, respectively, pv0.0001) (table 1). No sig-
nificant differences were observed between mean AHI
from home and laboratory studies. The mean differ-
ence between home AHI and laboratory AHI was
-0.21¡8.47 (95% CI of the mean difference -3.27–2.84;
limits of agreement -16.7–17.1) (fig. 1). A highly

Table 1. – Respiratory parameters from unattended res-
piratory monitoring performed at home and in the sleep
laboratory

Parameters Monitoring location

Home Sleep laboratory

Apnoeas* 18.8¡22.4 18.5¡22.4
Hypopnoeas* 11.1¡9.1 12.7¡11.7
AHI 29.8¡25 30¡26.5
Baseline Sa,O2 96.1¡1 95.8¡1
Mean Sa,O2 94.1¡2.5 93.8¡2
Nadir Sa,O2 78.6¡11 80.6¡5
Time in supine position % 42.7¡25.7 45.6¡27
Time in lateral position % 52.2¡26.7 51.7¡27
Hours of recording 7.7¡0.7 8.7¡0.9#

CT 90% 5.3¡1.5 6.2¡11.6
Desaturationsw3%* 20.9¡19.5 23.8¡23.6

Data are presented as mean¡SD. AHI: apnoea/hypopnoea
index; Sa,O2: arterial oxygen saturation; CT 90%: cumulative
percentage of time with Sa,O2v90%. *: per hour; #: pv0.001
when compared with home monitoring.
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significant correlation was found between AHI
obtained from both studies (r=0.97, pv0.001) and
between 3% Sa,O2 desaturation index (r=0.95, pv0.01,
fig. 2).

Table 2 shows the patients9 self-reports of quality of
sleep during both studies. No significant differences
were found among the parameters studied when
comparing both unattended studies. As shown, the
proportions of patients having subjectively slept well,
neither well nor badly, or badly were similar. The
subjective estimation of time slept at home and in the
laboratory was also similar (5.6¡1.5 and 5.5¡1.6,
respectively). When patients were asked where they
would repeat the sleep study, 17 replied at home
(53%), nine (28%) at the hospital and six (19%) had no
preference.

Discussion

The present study yielded three main results. First,
unattended recording of respiratory variables during
sleep proved to be an efficient procedure both at home

and in the sleep laboratory, with an acceptable failure
rate. Secondly, the parameters recorded in the
laboratory and at home showed no significant
differences and, therefore, no significant influence of
the setting on the results. Thirdly, more than half the
patients stated they would rather repeat the study at
home than in the sleep laboratory.

Numerous studies have been published on the
efficacy of home sleep studies [9, 10, 12, 13, 15, 16,
18, 19], but none compared the same portable
monitoring system in an unattended way at home
and in the sleep laboratory. Most ambulatory devices
have been tested in a laboratory setting with
simultaneous attended full PSG monitoring rather
than unattended as in the home setting. The present
study9s protocol permitted assessment of the perfor-
mance of the equipment both in the home and the
laboratory, thereby avoiding the confounding effects
of a simultaneous montage, which is uncomfortable
for the patient. FLEMONS and REMMERS [18] found a
systematic bias between home and laboratory studies
using the "Snore Sat" device. The home Snore Sat
respiratory disturbance index (Ssat RDI) was lower
than the simultaneous RDI (Ssat) or AHI (full PSG)
performed at the sleep laboratory. The mean differ-
ence between simultaneous Ssat RDI and home Ssat
RDI was 9.3 (limits of agreement 40.8 and -22.2). The
authors believed that the difference between home and
laboratory RDI probably depended on body position,
and possibly less sleep disruption at home, resulting
in fewer sleep onset hypopnoeas. A better agreement
was found between home and laboratory AHI when
both studies were unattended (mean difference
-0.21¡8.47 (95% CI -3.27–2.84) and no difference in
the percentages of time in different body positions. In
contrast, during full PSG in the sleep laboratory,
patients usually spent more time in the supine position
than they did at home, as demonstrated by BALLESTER

et al. [24] and suggested by FLEMONS and REMMERS

[18]. PARRA et al. [19] studied the validity of a portable
monitor of respiratory variables used in a home
setting for the diagnosis of SAHS. In 50 and 39
patients respectively, the portable monitor was set-up
with and without a technician9s help. Although 10%
of studies with an individual set-up required repeat-
ing, both of the domiciliary modalities (with and
without a technician9s intervention) were three times
more cost-effective than full PSG. It was found that
laboratory readings were significantly longer than
home studies. In fact, in laboratory studies, recordings
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Fig. 1. – Difference between apnoea/hypopnoea index (AHI) in
home and laboratory recordings (diff AHI) plotted against their
mean (mean AHI). ––––––: the mean difference between both
measurements; – – – –: the limits of agreement of the mean
difference.
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Fig. 2. – Correlation between 3% desaturation index recorded at
home (DI home) and in the laboratory (DI lab).

Table 2. – Subjective evaluation of sleep quality at home
and in the sleep laboratory

Study

Home Sleep laboratory

Hour slept n 5.5¡1.5 5.6¡1.6
Awakenings n 3¡1.4 3.4¡1.4
Slept well 9 (28) 10 (31)
Slept not well, but not badly 18 (56) 17 (53)
Slept badly 5 (16) 5 (16)

Data are presented as mean¡SD or n (%).
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began at 22:00 h and were stopped at 06.30 h due to
staff time schedules, while at home, patients switched
the device on and off at will, resulting in a shorter
recording time. The patients9 self-perception of time
asleep was significantly less than the actual recorded
time. This could imply that the AHI obtained from
recording time, not from sleeping time, underesti-
mates the true AHI. However, when comparing sub-
jective and polysomnographically determined sleep
in SAHS patients, MCCALL et al. [25] reported that
patients underestimate the time of sleep. In addi-
tion, DOUGLAS et al. [3] showed that SAHS can be as
accurately defined by apnoeaszhypopnoeas per time
in bed as per time asleep.

Portable unattended recording devices are poten-
tially subject to data loss or distortion because of
equipment malfunction, sensor disconnection, tech-
nologist error, patient or family error or interference,
power surges or loss, damage in transit, phone line
interference during modem transfer, and error during
playback. In the present study, three cases were lost
due to failure in data acquisition (human failure in
two cases and fuse failure in one). The failure rate was
2.8% and 5.7% for laboratory and home studies,
respectively. The authors believe that the fuse failure
at home may also have occurred in the laboratory,
and thus, the failure rate could be considered equal in
the two settings. Overall, a failure rate of 8.5% was
obtained, similar to that described by PARRA et al. [19]
and less than that reported by ANCOLI-ISRAEL et al.
[12]. REDLINE et al. [26] reported a 5.3% failure rate
when performing unattended full PSG at home,
although the set-up of the equipment was made
during an evening home visit by a technician.

Another interesting observation was patient pre-
ference, if a repeat study was necessary. Seventeen
patients (53%) replied that they would rather be at
home, nine in hospital (28%) and six had no
preference (18.7%). Some previous studies have
addressed this question and found different opinions.
For some patients, sleeping alone in a laboratory bed
can make them feel uncomfortable, anxious, and
under observation. In such cases, home recording
affords improved comfort and familiarity during
studies conducted at appropriate sleep-wake cycle
times, with first-night effects minimized. In contrast,
other patients may worry more if they are studied
without medical supervision [27–29].

It is concluded that in patients with suspected sleep
apnoea/hypopnoea syndrome, the setting of unat-
tended respiratory monitoring (home or sleep labora-
tory) influences neither the number of valid studies
nor the results of respiratory parameters measured;
most patients, however, prefer home studies.
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