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EDITORIAL

Portable Sleep Studies for Diagnosis of Sleep Apnea
– Where We are Today?
J. C. Suri
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leep Disordered Breathing (SDB) is increasingly
being recognized as an important cause of
morbidity and mortality. Ever since the first report
of obstructive sleep apnea (OSA) by Guilliminault et al
(1) there has been a tremendous growth in scientific
literature related to various aspects of OSA. According
to the Terry Young’s data derived from the Wisconsin
Sleep Cohort Study (2), the prevalence of asymptomatic
sleep apnea with an apnea – hyponea index (AHI) of ->5
was 24% in men and 9% in women aged 30-60 yrs and
that of symptomatic sleep apnea (i.e. AHI of >5 with
excessive daytime sleepiness) for men and women was
4% and 2% respectively. Untreated OSA is frequently
associated with decrease in cognitive function (3),
impairment of psychomotor function (4) and low levels
of alertness leading to increased risk of vehicular and
work-related accidents (5,6). OSA is also associated
with increased cardiovascular morbidity due to systemic
and pulmonary hypertension (7-10), cardiac arrhythmia
(11) and ischemic heart disease (12,13). Studies have
shown a reduced life expectancy and increased mortality
of OSA patients from cardiovascular causes (14,15) and
stroke (16). The cumulative eight-year mortality of
untreated OSA has been estimated as high as 37% for
patients with an AHI >20 (14). In the Wisconsin Sleep
cohort Study (2), Young et al reported that 93% of females
and 82% of males with moderate to severe sleep apnea

remained undiagnosed. Because of its high prevalence,
morbidity, mortality and public safety risks in untreated
patients, OSA has been described as a major public
health problem (17,18). A number of placebo-controlled
studies have shown that treatment of severe sleep apnea
(i.e., AHI >30) with nasal continuous positive airway
pressure (nCPAP) (19) improves alertness (20), decreases
accident rates (21) and lowers blood pressure levels (22).
However, data for treating mild to moderate OSA (i.e.,
AHI between 5 & 30) is less convincing (23-25). Hence
identifying and then treating severe OSA in the
community are of utmost importance. Unfortunately,
there is a poor awareness of symptoms and signs of SDB
in the community and wide variance of knowledge
amongst medical practitioners (26). This makes a strong
case for screening general population and more
importantly specific high risk group for OSA.
The gold standard for the diagnosis of OSA is
overnight in-laboratory technician attended
polysomnography (PSG). A standard PSG consists of at
least two channels of electroencephalogram (EEG),
submental and tibial electromyogram (EMG), two
channels of electrooculogram (EOG), airflow, respiratory
effort (thoracic and abdominal movements), oxygen
saturation (oximetry) and electrocardiography (ECG).
In addition there is a channel for body position and
Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 2, 2006

Downloaded From IP - 120.57.42.134 on dated 16-Aug-2016

www.IndianJournals.com

Members Copy, Not for Commercial Sale

66

Portable Sleep Studies for Diagnosis of Sleep Apnea – Where We are Today?

snoring (microphone) (27). PSG is time consuming,
expensive, labour-intensive, and requires considerable
technical expertise to perform and interpret (27). There
is also a large gap between the number of patients with
suspected OSA and the number of sleep laboratories
capable of performing PSG resulting in long waiting lists.
In addition questions about the effect of artificial
environment of sleep laboratory on the measurement of
disease severity have been raised (28). Elderly and/or
sick patients may find the PSG too cumbersome and be
reluctant to spend the night in the sleep laboratory. In
1992 Douglas et al (29,30) reported no influence on
their diagnostic conclusions when sleep parameters (i.e.
EEG, EOG & EMG) were excluded from the PSG
evaluation of their patients, suggesting that devices which
use only respiratory parameters may be useful in the
evaluation of patients suspected of OSA. The use of
such devices could provide a quick diagnosis to simpler
cases and reduce the waiting time for more complicated
cases. Portable monitoring (PM) has been proposed as
a substitute for PSG in the diagnostic assessment of
patients with suspected OSA. Compared to PSG, portable
sleep studies require less technical expertise, are less
labour-intensive and costly , and record patients in the
natural environments of their own bed. The term portable
monitoring encompasses a wide range of devices that
can record as many physiological parameters as the
standard PSG or only one parameter such as oximetry.
In 1994, American Academy of Sleep Medicine,
(AASM, formerly the American Sleep Disorders
Association) (31), categorized portable monitoring
devices into four types: type I, standard
polysomnography which was considered the reference
standard to which other monitoring types were compared;
type 2, comprehensive, unattended, portable
polysomnography using the same bioelectrical signals as
standard PSG; type 3, modified portable sleep testing
(also referred to as cardio respiratory sleep studies) which
lack the bioelectrical signals for sleep staging and use a
minimum of 4 channels, including ventilation (at-least 2
channels of respiratory movement, or respiratory
movement or airflow), heart rate or ECG, oxygen
saturation; type 4, continuous single or dual bioparameter
recording which employ minimum of one channel, i.e.
oxygen saturation, flow or chest movement. When EEG
and EMG signals are used, total sleep time (TST) can be
calculated, that provides denominator for the calculation
of AHI (number of events/hour of sleep). More
commonly EEG & EMG signals are not recorded by
Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 2, 2006

portable monitors, in which case the severity of breathing
events is quantified per hour of recording time as
respiratory disturbance index (RDI). Because of its larger
denominator RDI would necessarily underestimate AHI
to some degree. Most of the type 4 monitors are usually
oximetry based and therefore use oxygen saturation as
the primary parameter to define breathing disturbances.
Different methods of automatic analysis of oxygen
saturation include a drop in oxygen saturation from 2%
to 5%, slope of resaturation curve or a combination of
both criterias (32,33). Some oximetry based monitors
use cumulative percentage of time that oxygen saturation
is below 90% i.e. CT90 as a criteria for diagnosis of
sleep apnea. A CT90 of more than 1% is considered
diagnostic of OSA (34). The delta index, which is a
measure of variability in oxygen saturation over constant
time intervals has also been used for the diagnosis of
OSA (35). Recently one type 4 monitor used combined
index of heart rate variability and oximetry (36) while
another used flow sensors (oral and nasal thermistor)
with real-time analysis hardware and software and
miniature display unit (SleepStrip TM) (37) for screening
OSA.
There is no consensus about the ideal way for
interpreting the data from portable monitors. Some
systems use automatic analysis to detect and count events
but may fail to identify poor quality recordings and thus
can give misleading results. Others depend on manual
review by a sleep technician or physician, which raises
the issue of inter and intra observer variability. Still
others score events automatically but also have the
provision for manual validation (40).
Several statistical methods have been used for
evaluating the extent of agreement between the results
of two diagnostic tests (AHI from PSG and RDI from a
portable monitor). These include Pearson correlation
coefficient, intra class correlation co-efficient, the
approach of Bland and Altman of mean difference and
limits of agreement and sensitivity/specificity/likelihood
ratios (LRs). Although the Pearsen correlation coefficient
is most commonly used, it is not recommended, because
it is a measure of association not agreement (38). On
the other hand intra class correlation coefficient can be
used to assess agreement but is not commonly used due
to its non-familiarity with the clinicians (39). In the
Bland and Altman method the difference between the
measurements is calculated and then plotted against the
mean of two numbers. The limit of agreement (i.e. the

Downloaded From IP - 120.57.42.134 on dated 16-Aug-2016

www.IndianJournals.com

Members Copy, Not for Commercial Sale

J. C. Suri

mean + 2 SD of difference), which is the key descriptor
that relates how well the two measures agree, if not
calculated properly, can be misleading (38). The statistical
methods defining agreements between two tests, do not
provide sufficient information to the clinician to decide
whether a test correctly classifies patients as having or
not having sleep apnea. For this sensitivity, specificity
and likelihood ratios seem to be more useful. This
approach uses an arbitrary cutoff for the AHI that is
variable across the studies to classify a patient with or
without sleep apnea. A receiver operative characteristic
(ROC) curve for an individual study will display the effect
of changing diagnostic cutoff values of AHI upon the
sensitivity and specificity of the test. A summary ROC
curve in effect combines the individual study ROC curves
in a meta-analytic framework to give an overall picture
of the diagnostic accuracy of a test over the range of
cutoff values represented (46). The analysis of results
using sensitivity, specificity and LRs should take into
account the calculation of confidence intervals, which
are a direct reflection of sample size and study design.
Sensitivity, specificity and LRs are indicators of the
operative characteristics of a test i.e. the degree to which
the probability of disease is changed by a positive or a
negative result. The likelihood ratio gives the most
important information regarding the utility of a test. The
LR for a positive test result is the ratio of the proportion
of patients with disease who have a positive test
(sensitivity) to the proportion of people without disease
who have a positive test (false positive rate), whereas LR
for a negative test result is the ratio of the proportion of
patient with disease who have a negative test (false
negative rate) to the proportion of people without disease
who have a negative test (specificity). A high LR value
for a positive test is useful for “ruling in” and a low LR
value for a negative test is useful for “ruling out” sleep
apnea. However, since a clinician needs to know the
actual probability that the patient does or does not have
a disorder (i.e., the post test probability), the operative
characteristics of a test have to be interpreted with the
knowledge of the pretest probability (or prevalence) of
the disorder. This process can be simplified with the
use of a normogram which highlights the interaction
between pretest probability and LR on post test
probability (40).
The use of portable monitoring to evaluate patients
suspected of having OSA has been the subject of many
reviews of literature in the last one and a half decade.
Besides these reviews, guidelines and practice parameters
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were issued by a number of authors, including AASM
and the Agency of Health Care Research and Quantity
(AHRQ)
In 1994 AASM practice parameters recommended
unattended portable recording as an acceptable alternative
to PSG only under the following circumstances: (a) when
initiation of treatment was urgent and PSG was
unavailable, (b) when patient could not undergo PSG
due to mobility issue and (c) as a follow up to treatment
study. The use of type 4 monitor was not considered
acceptable for the diagnosis of OSA (41,42). In 1997,
the AASM published another review (43) and practice
parameter (44) for PSG and related procedures that
included a section on Type 3 and 4 monitors. The practice
parameters recommended that attended Type 3 monitors
were potentially appropriate in patients with high
probability (e.g., >70%) of sleep apnea and that negative
type 3 monitor studies in symptomatic patients should
be followed up with a full PSG. The parameters did not
recommend type 4 studies for the investigation of
suspected OSA. Also in 1997, the Agency of Health
Care Research and Quantity (AHRQ) carried out a
systematic review of the research on the diagnosis of
OSA (45,46). Part of this review was focused on the
portable monitors (25 studies). The quality of each
reviewed study was rated using a scale developed by the
authors, which attempted to identify and account for
biases that may undermine the validity of findings and
conclusion of a study. The authors of this review
concluded that there was some evidence in a relatively
small number of patients that should be expanded with
more studies, suggesting that a full laboratory PSG may
not be necessary to diagnose sleep apnea. Rather,
attended in laboratory partial channel PSG in the context
of high likelihood of OSA based upon clinical features
have significantly high sensitivity (82% to 94%) and
specificity (82% to 100%) to replace full PSG. There
was still insufficient evidence that any multi-channel
portable device could be used in the home settings
(45,46). Sensitivity of portable devices ranged from 78%
to 100% and specificity ranged from 62% to 94.5%. It
was also observed that in general, the diversity of study
designs and objectives were very high and the
methodological rigor of these studies as assessment of
diagnostic tests was very low. The authors recommended
that future research should include standardization of
terms and diagnostic criteria, and consistently reported
statistics to enhance the utility of published literature
(45,46).
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In a recent review based on 49 articles in the peer–
reviewed literature published by AASM in collaboration
with American Thoracic Society (ATS) and American
College of Chest Physicians (ACCP)(47), the authors
selected three primary and four secondary end points
while analysing the published results. The primary endpoints included the ability of portable devices to reduce
the probability that a patient has an abnormal AHI (to
rule out the disorder), increase the probability that a
patient has an abnormal AHI (to rule in the disorder),
and both reduce and increase the probability that a patient
has an abnormal AHI (to both rule out and rule in the
disorder). The authors also reviewed secondary end
points, including the reproducibility of portable monitors
results, the cost and benefit of using of portable devices,
the failure rates of portable devices, patient populations
studied, and the generalizability of findings. A meta
analysis of results was not used because too much
heterogeneity existed between studies with respect to
types of signals measured, criteria used to define a
breathing event, scoring of signals from portable devices,
and study quality. The articles were rated using the
method published by Sackett et al (48) in 2000 for rating
evidence of research on diagnostic test because it closely
aligns with the accepted methods used for rating the
quality of articles on therapeutics and prognosis. In
addition this method focused on the key aspects of the
design of studies that are used to evaluate the diagnostic
test: avoiding selection bias (by using a consecutively
referred sample of patients), verification bias (by
performing the reference standard on all subjects), and
blinding interpreters.
Based on the data from this review article AASM
developed practice parameters (49) regarding the use of
portable monitors for the diagnosis of suspected OSA.
These are as follows: (a) insufficient evidence is available
to recommend the use of type 2 devices in attended or
unattended settings; (b) type 3 devices appear to be
capable of being used in an attended setting to increase
or to decrease the probability that a patient has an AHI
of >15, and may rule in or rule out OSA when conducted
on suitable patients and interpreted by manual scoring
by trained personnel. Appropriate patients for this use
should be free from significant co-morbid conditions,
and symptomatic patients with negative portable sleep
studies should undergo attended PSG to truly exclude
OSA; (c) the use of type 3 sleep studies in an unattended
settings is not recommended at this time; (d) the use of
type 4 devices was not recommended in attended or
Indian Journal of Sleep Medicine (IJSM), Vol. 1, No. 2, 2006

unattended settings for diagnosis of OSA.
It was also recommended that portable devices should
not be used for general population screening, in the
absence of a pretest probability of the patient having a
diagnosis of OSA and for complaints other than those
associated with OSA. In addition they should not be
used without review of raw data during interpretation,
by physicians without familiarity with their use and
limitation, and without trained personnel to perform
technical scoring (49).
Several shortcomings were identified in the published
studies which resulted in poor validation of the findings.
All studies had taken place on patients referred to sleep
centres with high pretest probability of sleep apnea
leading to increased number of false negative results.
Primary care populations, women, patients with
comorbid illness such as heart failure and chronic
obstructive pulmonary disease, and ethnic populations
other than whites were not studied adequately. In
general, studies included small sample size and were not
particularly well-designed. The findings of any one study
were integrally limited, meaning thereby that results
obtained for a particular device were applicable only to
that device and could not be extrapolated to other devices.
Even within a given device class, (e.g. oximetry) results
may be affected by the data-processing methods,
including digital signal analysis, sampling rate and
averaging time. The quality of the studies also varied
widely. Common reasons for having a lower quality
rating included poor description of the device used, lack
of definition of respiratory events, lack of description of
blinding and inability to perform the manual validation
of the automatic analysis. The majority of studies having
a high level of evidence and high quality rating on portable
monitors had been performed in the attended setting
and data proving cost effectiveness of portable monitoring
were lacking. The role of unattended portable
monitoring, therefore, was not yet fully established (47).
The main method used for assessing the validity of a
portable monitor is by comparing its RDI with the
simultaneously measured AHI from standard PSG using
an arbitrary cut-off value of AHI for the diagnosis of
OSA. This value is variable across the studies. This
method may be misleading in clinical practice, as both
PSG and portable monitors have considerable night-tonight variation and even a minor difference between RDI
from portable monitor and AHI from PSG, if this
difference crosses the arbitrary cut off value, can
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significantly affect the sensitivity and specificity. There
is no statistical or practical difference between patients
having AHI few points above or below a threshold.
Moreover, AHI by itself has limited clinical significance,
correlating poorly with symptoms or with outcome of
treatment (50,51). So there is a need to evaluate portable
monitors from a different perspective, such as decision
to treat or predicting the outcome of treatment.
Recently a few studies of unattended type 3 portable
monitoring in a home setting have been published. In a
study by Zou et al (52), portable monitoring (using
peripheral arterial tone, heart rate, actigraphy) was
reasonably accurate for home diagnosis of OSA in a
population sample not preselected for OSA symptoms.
The accuracy of the portable monitor was assessed by
comparison with data from simultaneous unattended
home PSG recordings. Yin et al (53) evaluated the
reliability of type 3 portable monitor in unattended home
setting and found a high sensitivity in general but a low
specificity in patients with mild disease. The accuracy
of the result was affected by AHI, recording time and
sleep position. In an another study by the same author
(54), unattended home monitoring was found useful
provided the data analysis was performed manually.
Whitelaw et al,(55) evaluated an oximetry based home
monitoring system and found it useful to measure the
accuracy with which sleep physicians can predict which
patients would benefit from treatment of OSA. It was
found that the ability of physicians to predict the outcome
of nasal CPAP was not significantly better with PSG
than with home oximetry based monitor. Recently a
new method i.e. Apnea risk evaluation system (ARES)
was evaluated in the unattended home setting with high
sensitivity and specificity for the diagnosis of OSA (56).
The role of unattended portable monitoring in the
diagnosis of OSA is continuously evolving with
development of new technologies, study designs and
strategies for application. The technology needs to be
sound and reliable. The study designs should include
the cost benefit analysis, stratification of patients, and
the prediction of response to treatment (57). The role
of home monitoring should also be assessed in the context
of diagnostic and treatment algorithms and final patient
outcomes. There is a strong need to carry out similar
studies in the Indian scenario, taking into account specific
local factors which can affect the validity of portable
monitoring, such as level of education, socio-economic
status, frequent power failures / breakdowns and cultural
traditions. After the availability of this information, the
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actual role of unattended home monitoring will be
determined for the diagnosis of OSA.
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