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Signal failure of type 2 comprehensive
unattended sleep studies in patients
with suspected respiratory sleep
disordered breathing

Abstract We designed this study to
assess the signal failure and sensor
loss of unattended type 2 compre-
hensive polysomnography (PSG) and
compared that with in-lab attended
PSG. Type 2 PSG was performed for
41 patients. The signal failure was
estimated and compared to the signal
failure in 60 patients for the in-lab
PSGs. The signal failure in each
individual electroencephalographic
(EEG) channel, complete EEG sig-
nals, electro-oculography (EOG),
naso–oral flow, and thoracic belt were
significantly greater in the unattended
sleep studies. The failure rate for the
different signals ranged from 0.128

min in electrocardiography (EKG) to
67.36 min in the thoracic belt signal.
However, that did not affect the
success rate of the studies. Acceptable
scorable data was available in 97% of
the performed unattended PSGs. Un-
attended type 2 sleep studies can be
performed for clinical use in the
evaluation of sleep disordered
breathing with low signal failure and
sensor loss if the proper hook-up
procedure was followed.
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Introduction

Sleep disordered breathing (SDB) is a relatively common
problem [1]. The standard approach to diagnosing SDB is
in-lab, technician-attended polysomnography (PSG). How-
ever, proper in-lab PSG is not readily available to all in-
stitutes, which results in improper patient evaluation and
long waiting lists for patients needing diagnostic sleep
study. The availability of the needed diagnostic equipment
is one obstacle; however, in my view, the main obstacle
facing practicing doctors in developing countries is the
availability of an adequate number of trained sleep tech-
nologists who can run the service in the sleep disorder cen-
ters (SDCs) on a full-time basis. As a result, some practicing
doctors relied on their clinical judgment for diagnosing
SDB and adopted the practice of continuous positive airway
pressure (CPAP) titration as an in-patient procedure under
pulse oximetry monitoring and thereby prescribed CPAP
without proper evaluation [2]. To help solve the problem of
the availability of proper SDCs and an adequate number of

trained technologists needed to run the service, portable
monitoring (PM) has been proposed as an alternative to in-lab
PSG. The proponents of PM suggest that it is less time-
consuming and requires less expertise. The term “PM” cov-
ers a wide range of devices that can record as much data as
an attended in-lab PSG does or one single channel only,
such as pulse oximetry. The American Sleep Disorders As-
sociation (ASDA) classified sleep monitoring into four types
[3]. Type 1 (standard in-lab attended PSG) was considered
to be the reference standard to which other monitoring types
are compared; type 2, comprehensive portable PSG, which
incorporates a minimum of seven channels, including neuro-
cardio-respiratory monitoring; type 3, which incorporates a
minimum of four channels, including cardio-respiratory
monitoring; and type 4, which incorporates one or two chan-
nels, typically, oxygen saturation or air flow.

A number of factors of can interfere with the signal of
PSG recordings, such as the improper use of sensors, im-
proper filtering of signals, and excessive movement of the
studied subject. Unlike attended PSGs, trained personnel
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are not available during unattended studies to identify and
resolve technical pitfalls during the study.

In our experience, failed studies due to technical issues
are rare in attended PSGs since a technologist can correct
most of these problems during the study. However, the fail-
ure rate is unpredictable in unattended studies. A limited
number of studies addressed the issue of data loss in unat-
tended type 2 PSG and, to our knowledge, only one study
directly addressed the issue of sensor loss in this type of
PSG [4]. In that study, a large number of unattended PSGs
were performed, but no control group was included. We
designed this study to assess the signal failure and sensor
loss of unattended type 2 comprehensive sleep studies to
compare with in-lab attended PSG and to describe the
technique we used for the hook-up of patients in the unat-
tended studies to minimize signal loss.

Materials and methods

This study was approved by the Ethics Committee of the
College of Medicine at King Saud University, Saudi Arabia
and informed consents were taken from all participants.
The study was performed between February 2001 and
January 2002.

Study population

The participants for the unattended sleep studies were con-
secutive patients admitted to the cardiology service and
were clinically suspected during their hospital stay to have
SDB. Before being discharged, the patients were asked to
stay for one more night for sleep study. They were kept in
a quiet private room in the ward for the overnight sleep
study. Type 2 unattended PSG was carried out for each pa-
tient. Patients with any of the following were excluded: con-
fused patients, those who received sedatives or narcotics
within 48 h of the overnight sleep study, or patients who
underwent any surgical intervention during their hospital
stay. The sleep study technique was explained to the patients
in detail. The patients were instructed not to sleep during the
day time and not to take any stimulants (tea, coffee, soda)
after midday.

The participants of the attended sleep studies were con-
secutive patients referred to the SDC for the first time with
a clinical suspicion of SDB.

Polysomnography

The unattended PSG tests were recorded using Alice 4
diagnostic equipment from Respironics Inc., Murrysville,
PA, USA. The data was stored using a PCMCIA (Personal
Computer Memory Card International Association) flash

disk (approximately 20 MB per study). The data was then
downloaded onto an IBM personal computer. The system
contained a lead crystalline display (LCD) for visualizing
signals after hook-up, and to check the impedance. During
PSG, the following parameters were monitored: brain ac-
tivity by four electroencephalographic (EEG) placements
(C1–A4, C2–A3, O1–A4, and O2–A3); muscle tone by chin
electromyography (EMG); eye movements by electro-ocu-
lography (EOG); heart rate by electrocardiography (EKG);
oxygen saturation by finger pulse oximeter; chest and ab-
dominal wall movements by thoracic and abdominal belts;
naso-oral air flow by thermistor; sleep position by position
sensor; and snoring by microphone. Leg EMG was not
recorded. The hook-up process was performed by a trained
technologist. Several unattended studies were initially
performed on the volunteers to explore the possible tech-
nical problems and to detect the causes of failure of indi-
vidual signals. The hook-up technique was modified based
on the preliminary results in order to minimize sensor loss
and signal failure. The sensors were attached with collo-
dion glue for EEG, chin EMG, EOG, mastoid reference,
and ground references, in addition to tape and gauze. a
crepe bandage was wrapped around the patient’s head, ex-
tending down to the chin, to minimize the risk of sensor
loss. While fixing the EOG electrode, the patient was asked
to close their eyes and the gauze was put over their eyes
until the application was completed. The pulse oximeter
was affixed using double-sided tape. For EKG, disposable
self-adhesive electrodes were used. Signals were visualized
on the LCD and the impedance values were checked. Sen-
sor positions were adjusted to improve the signal quality,
and electrodes were replaced if the impedance values were
above 5 kΩ. At the end of the hook-up process, the tech-
nologist completed a signal verification form. Low- and
high-frequency filters were set prior to acquisition. However,
the system allows re-filtering of the data after acquisition.

The hook-up process took approximately 1 h. Before
leaving, the technician assured the comfort of the patient
and instructed him/her not to remove or manipulate any of
the sensors. The attending nursing staff in the ward who had
no training on sleep studies were instructed not to ma-
nipulate the sensors or equipment. The dinnermeal was given
to the patients before hook-up. After the hook-up process,
patients were allowed to drink but not to eat to minimize the
risk of losing the naso-oral flow signal. The machine was
programmed to start recording at 23:00 and end recording
at 06:00. The technologist returned to the hospital at 07:00
to un-hook the patient.

The attended PSG studies were performed in the SDC
and Alice 4 diagnostic equipment was used for data ac-
quisition. A trained technologist connected the participants
to the monitor and stayed in the SDC throughout the study,
monitoring the recording in the control room. During PSG,
the following parameters were monitored: four EEG place-
ments (C1–A4, C2–A3, O1–A4, and O2–A3); muscle tone

8



and leg movements by chin and leg EMG; eye movements
by EOG; heart rate by EKG; oxygen saturation by finger
pulse oximeter; chest and abdominal wall movements by
thoracic and abdominal belts; air flow by thermistor; sleep
position by position sensor; and snoring by microphone.
The electrodes were attached with collodion glue for EEG,
and with tape for EMG, mastoid reference, ground refer-
ences, and EKG. For bearded men, collodion glue was used
to attach the chin EMG electrodes. Recording started at
approximately 10:00 and ended at approximately 06:00.

Analysis and scoring of PSG data

Page-by-page analysis and scoring of the electronic raw
data was done manually by the same person to determine
the total time in bed (TIB), total sleep time (TST), sleep
efficiency, and arousal index [5, 6]. Obstructive apneas
were identified as a decrease in peak inspiratory flow to
below 10% of the surrounding baseline for at least 10 s;
central apneas were defined as the absence of flow and rib/
thoracic movement during the event for at least 10 s; and
hypopneas were defined as any visually appreciable de-
crease in flowamplitude for twoormore consecutive breaths
followed by arousal or oxygen desaturation of at least 3%.
To calculate the apnea hypopnea index (AHI), the total
number of respiratory events (apneas and hypopneas) was
divided by the TST. The failure rate of each EEG elec-
trode, absence of all EEG signals (complete EEG failure),
EOG failure, pulse oximeter failure, EKG failure, and re-
spiratory signal for air flow were checked manually epoch
by epoch and documented. Reports were generated using
the Alice 4 software.

Study quality

We adopted and modified the criteria used in the Sleep
Heart Health Study (SHHS) project to define study failure
[4]. Studies were considered a failure if they lack one or
more of the following: 4 h of oximetry data; 4 h of contig-
uous data from either abdominal, chest, or thermocouple
sensors; or an EEG signal of good quality to allow sleep
stage scoring. Insufficient TST was defined as TST less
than 200 min.

Statistical analysis

The data were expressed as mean±standard error (SE) in
the text and tables. Student’s t-test was used to compare
the two groups. If the normality test failed, the rank sum
test was used. Sigma Stat, Version 3 (SPSS Inc., Chicago,
IL, USA) statistical software was used for the analysis.

Results

The 41 patients who underwent the unattended part of the
study included 34 men and seven women, with a mean age
of 51.4±1.7 years and a range of 27–80 years. In one case,
the study was performed as per our protocol, but the data
was not stored on the PCMCIA card. Therefore, complete
data was available for only 40 patients (97.6%). On the
other hand, 60 patients completed the attended part of the
study (43 men and 17 women). The mean age was 49.9±1.8
years with a range of 16–80 years. Table 1 shows the de-
mographic and PSG characteristics of both groups. Body
mass index (BMI), TST, and TIB were not different be-
tween the groups. Sleep efficiency was better in the attended
group.

Table 2 demonstrates the duration of signal failure in
both groups. Individual EEG signal failure as well as com-

Table 2 Duration of signal failure during PSG monitoring in min-
utes (mean±SE)

Unattended (%) Attended (%) P value

C3A2 36±9.2 (8.7) 0.269±0.2 (0.07) <0.001
C4A1 39±7.7 (9.4) 0.151±0.07 (0.03) <0.001
O1A2 25.25±7.7 (6.1) 0.13±0.07 (0.03) <0.001
O2A1 41±7.9 (9.9) 1.1±1.02 (0.3) <0.001
REOG 6.1±5.1(1.5) 0.02±0.02 (0.005) 0.027
LEOG 6.1±4.9 (1.5) 0.02±0.02 (0.005) 0.027
Naso-oral flow 62.6±11.04 (15.1) 22.1±7.2 (5.6) <001
EKG 0.128±0.128 (0.03) 5.8±4.8 (1.5) 0.002
Pulse oximeter 11.1±3.03 (2.7) 5.5±1.8 (1.4) NS
All EEG 26.1±14.50 (6.3) 0.02±0.02 (0.005) 0.007
Chin EMG 4.8±4.00 (1.16) 0 NS
Microphone 1.5±1.1 (0.36) 0 NS
Thoracic belt 67.36±15.5 (16.2) 12.18±2.45 (3.1) <0.001
Abdominal belt 5.93±3.98 (1.4) 2.56±1.02 (0.64) NS

Numbers in parentheses represent (duration of failure/TIB)×100
EKG electrocardiography, EEG electroencephalographic, EMG elec-
tromyography, LEOG left electro-oculography, REOG right electro-
oculography, NS non-significant

Table 1 Demographic and PSG characteristics of both groups ex-
pressed as mean±SE

Unattended Attended P value

Age 51.4±1.7 49.9±1.8 NS
BMI 32.8±1.1 34.1±1.2 NS
TIB 415.1±9.4 398±6.9 NS
TST 270.5±7.1 307.16±5.2 NS
Sleep efficiency 65.5±2.86 75.7±2.7 <0.001
Arousal index 28.29±2.7 22.1±2.26 0.02
AHI 21.9±3.3 20.4±3.5 NS

AHI apnea hypopnea index, BMI body mass index, NS non-sig-
nificant, TIB time in bed, TST total sleep time
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plete EEG signal failure were significantly more common
in the unattended sleep studies. However, none of the
sleep studies met the adopted failure criteria. Signal failure
was also significantly more in the EOG, flow, and thoracic
belt signals. During the unattended studies, chin EMG fail-
ure was more among males (5.6±4.6 min) versus no failure
for females. However, this difference was not of statistical
significance.

Based on the SHHS criteria to define sleep study failure,
all recorded unattended sleep studies performed in this
project were successful. One patient damaged the naso-
oral flow sensor during one of the unattended studies.

Discussion

Although type 2 monitors should, theoretically, most re-
semble in-lab polysomnography (PSG) in calculating the
apnea hypopnea index (AHI) and scoring sleep stages, rela-
tively few published data addresses this issue [7]. In contrast,
data loss in type 3 monitors recording simple cardio-re-
spiratory parameters was reported to be low ranging from
3% to 18% [3, 8–10]. However, as type 2 monitors record
both cardio-respiratory and neurological signals, a high rate
of data loss in the unattended setting has been a concern. Data
loss in type 2 monitors was reported in three studies only.
One study [11] reported no loss of any home monitoring and
a scorable data set in more than 95% of epochs. Another
study [12] reported a 20% loss of data. The success rate in the
Sleep Heart Health Study (SHHS) project was 90.6% [4].

The present study demonstrates that type 2 unattended
sleep study is a successful and reliable way to monitor
patients with suspected sleep disordered breathing (SDB).
More than 97% of the performed unattended studies were
successful in obtaining more than 4 h of adequate neuro-
cardio-respiratory data (in one study, data was not recorded).
As we did not record leg movements, we cannot draw con-
clusions about the success rate in leg electromyography
(EMG). A previously published study of unattended type 2
studies recording bilateral anterior tibialis EMG activity
reported a scorable signal in more than 95% of epochs [11].

Our results showed that unattended type 2 comprehen-
sive sleep studies had a statistically higher failure rate in
most recorded signals; however, this difference may not be
of clinical significance. Naso-oral flow signal had a rela-
tively high failure rate compared to other signals. This find-

ing agrees with Portier et al. [12], who reported an 11% flow
signal failure.

The differences in study quality among different trials
may be attributed to the fixation technique used and the
guidance given to the patients. The overall low signal fail-
ure can be attributed to the technique we used for hook-up.
Chin EMG is one of the electrodes causing problems during
PSG in bearded men. We recommend using collodion to
attach chin EMG electrodes in this category of patients. We
described the technique we used for the hook-up process in
the unattended sleep studies, which was slightly different
from the attended studies. We lost one of the unattended
studies due to failure of the equipment to store data, which
stresses the importance of considering the reliability of both
the hardware as well as the software when selecting the
portable monitoring (PM) device.

Sleep efficiency was better during in-lab PSG; this could
be related to the patient’s concerns about safety or equip-
ment failure during unattended studies. In attended studies,
the presence of a sleep technologist gives reassurance to the
patient.

Type 2 unattended PSG is a reliable diagnostic tech-
nique with a high success rate in patients with SDB. We
advocate using such techniques in patients with suspected
SDB. Such application will decrease the load on estab-
lished sleep disorder centers (SDC)s and help institutes
that do not have a designated SDC to perform good quality
and reliable studies. Such techniques can also be useful in
patients who need follow-up PSG tests to assess response
to treatment instead of waiting for few more months for
the availability of a repeat study.

One of the limitations of the current study is the fact that
unattended PSG was not performed at home. However, we
tried to eliminate this problem by performing studies in a
quiet private room in the general ward and instructing the
nursing staff at night not to interfere with data acquisition.

In summary, our findings demonstrate that unattended
type 2 sleep studies can be performed for clinical use in the
evaluation of suspected SDB with low signal failure and
sensor loss if proper a hook-up procedure was followed.
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