REVIEW
SLEEP AND BREATHING

Ambulatory monitoring in the diagnosis
and management of obstructive sleep
apnoea syndrome

Jaime Corral-Penafiel’?, Jean-Louis Pepin® and Ferran Barbe®*

Affiliations: 'Respiratory Dept, San Pedro de Alcantara Hospital, Céceres, *CIBER de enfermedades
respiratorias (CIBERES), Madrid, and “Respiratory Dept, Institut de Recerca Biomédica de Lleida (IRB
Lleida), Lleida, Spain. *HP2 Laboratory, INSERM U1042, Joseph Fourier University, Sleep, Exercise and
Physiology Laboratory, Grenoble, France.

Correspondence: J. Corral-Penafiel, C/Comarca de los Ibores 3, 10001 Céaceres, Spain. E-mail:
jcorral@separ.es

ABSTRACT  Obstructive sleep apnoea (OSA) is a highly prevalent disorder associated with complications
such as arterial hypertension, cardiovascular diseases and traffic accidents. The resources allocated for OSA
are insufficient and OSA is a significant public health problem. Portable recording devices have been
developed for the detection of OSA syndrome and have proved capable of providing an equivalent diagnosis
to in-laboratory polysomnography (PSG), at least in patients with a high pre-test probability of OSA
syndrome. PSG becomes important in patients who have symptoms and certain comorbidities such as
chronic obstructive pulmonary disease or stroke, as well as in patients with a clinical history suggesting a
different sleep disorder. Continuous positive airway pressure is the most effective treatment in OSA.
Ambulatory monitoring of the therapeutic modalities has been evaluated to enhance the care process and
reduce costs compared to the conventional approach, without sacrificing efficiency. This review evaluates
the role of portable monitoring devices in the diagnostic process of OSA and the search for alternative
strategies based on ambulatory management protocols.

@ERSpublications
High pre-test OSAS patients can use unattended type 2 and portable monitoring devices at home
http://ow.ly/mPbjn

Introduction

The International Classification of Sleep Disorders has grouped sleep disorders into eight categories [1], of
which sleep-related breathing disorders and, more specifically, obstructive sleep apnoea syndrome (OSAS)
are very common. OSAS is defined as a combination of symptoms such as excessive sleepiness, cognitive—
behavioural or respiratory disorders, as well as others secondary to repeated episodes of upper airway
obstruction during sleep. These episodes are quantified with the apnoea/hypopnoea index (AHI). Diagnosis
is confirmed by an AHI of >5 events-h™ measured by polysomnography (PSG) associated with symptoms
that are related to the disease and unexplained by any other causes [2, 3]. This definition can be
controversial. Considering an AHI of >5 events-h™ as abnormal is arguable and it is probable that the
threshold for abnormality differs in accordance with sex and age.

By consensus, the OSAS severity criteria are based on the AHI. Thus, a mild sleep apnoea is defined as an AHI
of 5-15 events-h™!, a moderate one as an AHI of 15-30 events-h™! and a severe one as >30 events-h™ [4].
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Many studies have shown significant associations between OSAS in adults and daytime hypersomnolence,
hypertension, traffic accidents, cardiovascular and cerebrovascular diseases, diabetes and deterioration
in quality of life, and it is also related to excess mortality [5-11]. Fortunately, effective treatment is available,
most commonly in the form of continuous positive airway pressure (CPAP). Furthermore, OSAS in
children is mainly associated with intermittent hypoxia, sleep fragmentation and alveolar hypoventilation,
which can lead to delayed growth and development, pulmonary hypertension, systemic arterial
hypertension and alterations in learning and behaviour [12]. The most common risk factor for childhood
sleep apnoea is adenotonsillar hypertrophy and adenotonsillectomy is the usual first-line treatment [13].

OSAS is a very prevalent disease and is considered a public health problem of the first order. According to
the Wisconsin sleep cohort study [14], 24% of males and 9% of females aged 30 to 60 years meet the
diagnostic criteria. This prevalence is based on a cut-off of AHI >5 events-h™. If symptoms are included,
the prevalence of OSAS was 4% of males and 2% of females. Other authors have published similar results in
other countries [15]. The prevalence of OSAS in adults increases with age and obesity, the latter being one
of the most important risk factors for OSAS. The dramatic increase in obesity over the past 30 years, the
increasing longevity of the population and the increasing awareness of OSAS as a risk factor have
exponentially increased the number of patients for evaluation. This growth in demand has not been
accompanied by any improvements in the approach to this problem.

We know from various studies [3, 14, 16] that >75% of patients with OSAS are either undiagnosed or
untreated. Although PSG is considered the gold standard for the diagnosis, access to this procedure is
limited because it requires special institutions and trained technicians and is relatively expensive. This
problem of timely access is going to produce undiagnosed and undertreated sleep apnoea, as well as
excessively long waiting lists [17, 18]. Accordingly, in the Wisconsin sleep cohort study [16], 93% of females
and 82% of males with moderate-to-severe sleep apnoea did not receive diagnoses.

The high prevalence of OSAS and the great demand for examinations mean that PSG cannot be used in all
patients. In order to deal with these difficulties, portable recording devices have been developed for the
detection of OSAS [2, 19-22], and have proved capable of providing an equivalent diagnosis to in-
laboratory PSG, at least in patients with a high pre-test probability of moderate-to-severe OSAS [23-25].
Moreover, screening questionnaires have been used to identify patients with a high risk of OSAS who may
benefit from receiving diagnosis and management as quickly as possible [26-34].

Types of sleep studies
In 1994, the American Academy of Sleep Medicine (AASM) [35] classified sleep studies into four types,
based on the number and types of physiological variables recorded (table 1).

Type 2, 3 and 4 monitors can be applied with portable monitoring at home (ambulatory monitoring).
Nevertheless, these devices can vary as regards the signals recorded and the sensors. Moreover, the methods
of scoring, the criteria used to define respiratory events, particularly hypopnoeas, and the cut-off of the AHI
used to establish severity of OSAS can give rise to further variability [36, 37].

TABLE 1 Types of sleep studies (6-h overnight recording minimum)

Type 1 Type 2 Type 3 Type 4
Number of leads =7 > 7 > 4 1-2%#
Types of leads EEG, EOG, EMG, ECG, EEG, EOG, EMG, ECG, ECG, airflow, effort, oximetry Oximetry and other (usually
airflow, effort, oximetry airflow, effort, oximetry (at least two channels are airflow)

Body position
Setting

Description

respiratory movements or
respiratory movement

and airflow)
Objectively measured Optional Optional Not measured
Attended (usually in a Unattended Attended or Attended or unattended
sleep centre) unattended
Standard PSG performed in a Comprehensive portable Portable testing limited to  Continuous recording of 1-2
sleep laboratory (reference PSG sleep apnoea signals

standard to which the other
monitors are compared)

EEG: electroencephalogram; EQG: electrooculogram; EMG: electromyogram; PSG: polysomnography. #: sometimes type 4 may measure >3
parameters, but does not meet all the criteria of a higher category. Modified from [35].
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In this respect, the AASM recommends that portable monitors use the same sensors normally used for in-
laboratory PSG. However, many studies have compared type 3 monitor recordings with PSG using older
model monitors that only had the oro-nasal thermistor signal (a less sensitive indicator of airflow reduction
than nasal pressure signal) and this difference may be another reason for the discrepancy between the AHI
in PSG and in home respiratory polygraphy (RP) [38].

One important factor in the comparison of PSG and RP recording can be differences between the manual
scoring of recording, the manual editing of automatic scoring (“sequential RP scoring”) and the totally
automated process. Manual scoring is superior to automated scoring [39]. The sequential RP scoring
protocol had a similar cost to manual scoring and both were a cheaper alternative to PSG [36, 37, 39].
Finally, another aspect that must be considered with unattended portable monitors is the data loss, as there
are reports of a data loss of 3-18% for type 3 monitors and of 7-10% for oxygen saturation measurements
in type 4 monitors [36]. For all these reasons, studies using a specific portable monitor cannot be
generalised to other devices, thus reducing our capacity to perform meta-analyses and evidence-based
reviews. Despite these circumstances, a systematic review conducted in 2003 [36] did evaluate portable sleep
study systems in OSAS diagnosis. The authors observed that portable monitoring devices had variable
sensitivities (31-100%) and variable specificities (48—100%). This variability of the devices and the limited
evidence available until this review [36] were the principal causes for not conclusively recommending all the
portable devices in the OSAS diagnosis [36].

However, many subsequent studies have confirmed the overall usefulness of these portable monitoring
devices (2, 23, 37, 40, 41]. In fact, one study found that it was better to use home testing sooner, rather than
waiting for in-laboratory PSG, in severe OSAS patients, resulting in a significant improvement in daytime
sleepiness and quality of life and demonstrating a significantly lower incremental cost—effectiveness ratio
and a rapid application of treatment in these patients [37].

In 2007, the AASM [23] concluded, after an exhaustive review of the literature, that the use of home
portable monitoring had finally been approved. The authors recommended that unobserved registers with
type 2—3 monitors can be used as an alternative to PSG diagnosis in patients with a high probability of
moderate-to-severe OSAS and no significant medical comorbidities. Unattended portable monitoring can
be as accurate as PSG for diagnosis in selected populations [26, 27, 32-34]. The AASM also issued other
recommendations for the use of unattended portable monitors (table 2). In contrast, the evidence regarding
type 4 monitors was weaker.

Other official documents by Medicare and Medicaid Services [42, 43] have recognised that attended or
unattended type 2 and 3, and even type 4 monitors (with at least three channels), were acceptable as
diagnostic methods for prescribing CPAP in patients who had symptoms of OSAS, regardless of whether
they were followed inside or outside a sleep unit. This strategy is then mainly validated and accepted in
patients with high pre-test probability.

Traditionally, the approach used to validate portable monitoring has been to compare it with a reference
standard PSG. The limitation of this approach is that it assumes that in-laboratory PSG is the gold standard
test for diagnosing sleep apnoea. We know that patients frequently do not sleep as well in a sleep laboratory as
they do at home (“first night effect”). Furthermore, the instrumentation is more extensive than that of most
home tests and may induce changes in sleep, for example, patients in a laboratory usually spend more time
sleeping supine, thereby increasing the AHI in some patients. These factors can affect the real quality of sleep.

Because of this variability in sleep studies, CoLLOP et al. [44] have recently reviewed the classification of
types of sleep studies published in 1994. A new classification system, based on measurements of Sleep,
Cardiovascular, Oximetry, Position, Effort and Respiratory parameters (SCOPER categorisation), details the
type of signals measured by these devices (table 3).

We shall now review the evidence on ambulatory OSAS monitoring in terms of diagnosis, management and
cost-effectiveness, based on unattended type 2, 3 and 4 sleep studies. We have ruled out papers limited to
attended monitoring devices and comparisons between sleep laboratory-based techniques, we have also
discarded papers that do not clearly state the type of equipment used.

Type 2 sleep study (unattended portable PSG)

Diagnostic accuracy

The AASM approved the usefulness of unattended portable monitors (type 2—3 devices) to diagnose OSAS
in patients with a high pre-test probability without comorbidities [23]. The advances in portable
monitoring devices have made it possible to record complex signals in an unattended setting, such as
home portable PSG. They are more expensive than other portable devices, however, and need much more
time from the expert technicians and physicians who read the registers and report the results. The standards
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TABLE 2 Recommendations for unattended portable monitoring

. PM is performed with a comprehensive sleep evaluation with different screening questionnaires and clinical scores

. Supervised by a practitioner with sleep medicine certification and performed under the auspices of an AASM-accredited sleep medicine centre
. Record airflow, respiratory effort and blood oxygenation channels and use the same biosensors as laboratory PSG

. Display of raw data for manual scoring or editing of automated scoring (sequential scoring)

. Alternative to PSG for OSAS diagnosis in patients with high pre-test probability of moderate-to-severe 0SAS

. It is not appropriate for OSAS diagnosis if patient presents significant comorbidities

. It is not appropriate for screening of asymptomatic populations

. Alternative for OSAS diagnosis in patients for whom in-laboratory PSG is not possible (immobility, critical illness, etc.)

. If PM is negative in patients with a high pre-test probability of moderate-to-severe OSAS, in-laboratory PSG should be performed to rule out
any false-negative study

10. Monitor the response to non-CPAP treatments for sleep apnoea (i.e. weight loss or intra-oral device)

O 00 g0 Ul WN -

PM: unattended portable monitoring; AASM: American Academy of Sleep Medicine; PSG: polysomnography; OSAS: obstructive sleep apnoea
syndrome; CPAP: continuous positive airway pressure. Information from [23].

for obtaining and analysing this unattended PSG were published by the Sleep Heart Health Study (SHHS)
[45]. The comparison of in-laboratory PSG with home monitoring showed no significant difference in the
mean AHI, and the portable device obtained a reasonably low failure rate in one large study (SHHS) [46].

Another study [47] reported an acceptable sensitivity and specificity with few false-positive results (3%);
however, a high rate of data loss (20%) and false-negative results (15%) were reported, and this study [47]
did not have a good evidence level. In a randomised study, CAMPBELL and NEILL [48] proved that unattended
home PSG is a valid alternative to in-laboratory PSG. Sleep quality was similar in both arms and the AHI
was significantly different, with an average underestimate of 5.1 events-h™ in home PSG. This difference
only affected the diagnosis in three patients, but treatment advice did not change. With regard to
preference, 50% patients preferred home PSG.

Interest in the clinical pathway for 0SAS diagnosis and treatment

Although these devices have demonstrated a performance similar to that of in-laboratory PSG, patient’s
problems with the application of the bipolar electrodes require the presence of a technician to set up the test
at home, so they are perhaps not practical for clinical purposes. Type 2 monitors may be useful in a hospital
setting (obviating the need to go to a sleep centre), but more studies are needed to ascertain their role in the
management of OSAS patients.

TABLE 3. SCOPER categorisation

Sleep Cardiovascular Oximetry Position Effort Respiratory
S1 C1 01 P1 E1 R1
Three EEG >1 ECG lead Oximetry (finger or ear] Video or visual position Two RIP belts Nasal pressure and
channels® with EOG with recommended measurement thermal device
and chin EMG sampling'

S2 C2 O1x P2 E2 R2

<3 EEGs with or Peripheral arterial Oximetry (finger or ear) Nonvisual position One RIP belt Nasal pressure

without EOG or chin tonometry without recommended measurement
EMG sampling (per scoring
manual) or not
described

S3 C3 02 Es3 R3

Sleep surrogate: Standard ECG Oximetry with alternative Derived effort Thermal device

e.g. actigraphy measure (one lead) site (e.g. forehead)
S4 Cs 03 E4 Ra
Other sleep Derived pulse (typically Other oximetry Other effort End-tidal CO,
meaures from oximetry) measures (including
piezo belts)

Cs R5

Other cardiac Other respiratory

measures measures

EEG: electroencephalogram; EQG: electrooculogram; EMG: electromyogram; RIP: respiratory inductance plethysmography. *: frontal, central and
occipital; : proper oximetry sampling is defined as 3-s averaging and a minimum of 10-Hz sampling rate (25 Hz is desirable). Modified from [44].
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Costs

Three studies [47-49] have shown reduced costs with this device versus attended PSG, based on the
assumption that overnight staff and laboratory expenses could be eliminated with a portable monitor.
However, the 20% failure rate with this ambulatory device was not accounted for. CAMPBELL and NEILL [48]
estimated that out of every 100 in-laboratory PSGs performed, 6.7 studies would require a repeated night.
Bearing in mind that the cost of home-based PSG is 70% that of an attended in-laboratory PSG, home PSG
would therefore save 25%.

However, the lack of studies in this area makes it difficult to draw any conclusions about possible savings
with this type of portable monitoring.

Type 3 sleep study (unattended RP)

Diagnostic accuracy

Diagnostic accuracy at home in the situation of high pre-test probability

The most commonly used ambulatory monitoring devices are type 3 monitors. Traditionally, noninferiority
studies have tried to compare them with in-laboratory PSG for the diagnosis of OSAS. They have shown
positive results, at least in patients with a high pre-test probability of moderate-to-severe OSAS, suggesting
that unattended RP is a feasible option with an equivalent diagnosis to in-laboratory PSG and good
concordance (>80% agreement) [23, 50-53].

Unfortunately, unattended RP underestimates the AHI, given that it records the number of apnoeas/
hypopnoeas per hour of recording instead of per hour of sleep and, moreover, RP cannot identify arousal
and, consequently, cannot incorporate this criterion into the definition of hypopnoea. The AASM
recommends two alternative definitions of hypopnoea, one including arousal and the other excluding it
[23]. In this respect, MasA et al. [54] concluded that although adding surrogate arousal (defined as a
hyperventilation following flow reduction) to home respiratory polygraphy (HRP) can produce a modest
improvement in the AHI, this alteration is not clinically important. Furthermore, wrist actigraphy was used
to calculate the total sleep time in HRP and improve the agreement between HRP and PSG, although this
action only slightly improved the HRP results [50].

Various studies have validated the diagnosis of OSAS with unattended RP compared with in-laboratory
PSG. BALLESTER et al. [20] validated a home portable respiratory recording device in a general population
with a high level of agreement between both methods, despite using a thermistor for oronasal airflow.
For a PSG cut-off point of 10 events per hour of sleep, a portable respiratory recording device of
6 events per hour showed a sensitivity and specificity of 95% and 92%, respectively. Moreover, other
authors obtained similar results [55-58]. When the diagnostic accuracy of a type 3 monitor was analysed
[59], the authors found no differences in the AHI per hour in bed between PSG and home RP
(245 events-h™ in bed), although there were differences per hour of sleep. Most patients were
successfully classified by these portable monitoring studies, but 47% of patients would have required
further study if we had used home portable monitoring. With a similar study design, REICHERT et al. [60]
validated a different home portable device. They obtained a sensitivity and specificity of 91% and 83%,
respectively, using a cut-off AHI of 15 events-h™' for home studies. Following the validation studies,
other authors [61-64] compared various portable monitoring devices with PSG, obtaining good
agreement with corrected AHIs (apnoea/hypopnoeas/total time in bed). Su et al. [61] also found no
differences in the AHI obtained by the two methods (portable monitoring device versus PSG) in a
laboratory setting. No conclusions could be drawn, however, with regard to the reliability of this device
in the home setting.

A large randomised study was performed to determine the diagnostic efficacy of HRP compared with in-
laboratory PSG and the cost of telematic services for data transmission [52]. With a sensitive AHI cut-
off point of <5 events-h™!, HRP effectively excluded OSAS, while with a specific cut-off of
>10 events-h™', HRP confirmed OSAS. Therefore, HRP is a significantly cheaper alternative to PSG
in these patients.

From the prevalence point of view, OSAS is so frequent that the use of unattended RP has greatly increased
in recent years, particularly in sleep nonreference centres. A randomised study [65] reported a good
concordance (86.9%) between nonreference centres and sleep reference centres (with PSG) in therapeutic
decisions. Therefore, RP evaluated by a respiratory physician in a nonreference centre is capable of
managing and treating a large number of patients.

Diagnostic accuracy in special populations

Although many studies have validated portable monitoring devices in adults with a high clinical probability
of OSAS (mainly males), only a few have evaluated their feasibility in other populations.
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Curiously, there are very few studies in the female population. GJEVRE et al. [66] evaluated the usefulness of
these devices in females with a suspicion of a high risk of OSAS. They found the highest level of agreement
with an AHI of > 10 events-h™. They could thus diagnose with reasonable certainty and start CPAP therapy
in females with a high clinical suspicion of OSAS and an AHI >10 events-h™!.

Other authors have found a good correlation and diagnostic accuracy between home portable monitoring
(Stardust II; Philips Healthcare, Best, The Netherlands) and PSG in the elderly population (> 65 years) with
a high clinical probability of OSAS [67]. Moreover, the authors observed that >70% of these patients had
severe OSAS.

Another problem that has been observed is the underdiagnosis of OSAS in children, where an early
diagnosis could have important consequences for prevention. Although PSG is the gold standard diagnostic
method in children, its standardisation is still inadequate. Meanwhile, ALONSO ALVAREZ et al. [53] have
reported the reliability of RP for the diagnosis of OSAS in children. There was a high rate of diagnostic
agreement between RP and PSG (84.9%) and a high correlation (89.4%) for an AHI >3 events-h™ in PSG
and an respiratory disturbance index (RDI) >3 events-h™ in RP.

In another area, QUINTANA-GALLEGO et al. [68] validated a type 3 monitor (Apnoescreen II; Erich Jaeger
GMBH & CoKg, Wiirzburg, Germany) for diagnosis of sleep disordered breathing in stable heart failure
patients. Using AHI cut-off points of >5, >10 and >15 events-h™, the diagnostic accuracy of HRP versus
PSG was 78-84%, 68—82% and 88-97%, respectively. HRP showed good diagnostic accuracy for OSAS, as
well as distinguishing between central and obstructive events. Furthermore, SERIES et al. [69] demonstrated
that overnight home oximetry is a sensitive and specific tool for identifying sleep apnoea in patients with
chronic heart failure, but not for distinguishing between obstructive and central events.

In patients with OSAS and chronic obstructive pulmonary disease (COPD) (overlap syndrome), there is no
evidence to support the use of portable devices to diagnose OSAS. In this respect, OLIVEIRA et al. [70]
compared the accuracy of a home portable device versus PSG in these patients and they found a large
amount of data loss in the recordings (39% with home devices and 22% with PSG). They therefore could
not confirm its usefulness in these patients.

0SAS process management and treatment decision

Type 3 monitors can perform a sleep apnoea diagnosis in patients with a high pre-test probability of OSAS,
but is this enough to justify a therapeutic decision? Making a diagnosis of OSAS is very different from
choosing a treatment.

Several studies have compared standard PSG diagnosis and titration versus home portable strategies with
ambulatory CPAP titration (auto-CPAP) in high patients with a pre-test probability of moderate-to-severe
OSAS [71-73]. The authors found no clinical differences between the two groups. Furthermore, CPAP
adherence was higher in the home group. Thus, the standard procedure in these patients does not have any
advantages over the ambulatory approach in the management of OSAS. Furthermore, a simplified nurse-led
model of care and home auto-CPAP was compared with traditional physician-directed care involving PSG
in patients with suspicion of OSAS and certain oxygen desaturations [74]. No significant differences were
found between the two arms in clinical outcomes, such as the Epworth Sleepiness Scale score and CPAP
adherence and patient satisfaction. Thus, a simplified nurse-led management was not inferior to physician-
led care, although these nurses had spent more time with patients than the other group and the authors did
not perform a PSG in the nurse-led group to assess the effectiveness of CPAP. Similarly, ANDREU et al. [24]
confirmed that nurses could undertake ambulatory management in patients with a high clinical suspicion of
OSAS, with no significant differences in hospital follow-up but with noticeable financial savings.

Most guidelines recommend CPAP, depending on clinical symptoms, comorbidities and AHI based on
PSG. Masa et al. [75] studied the therapeutic decisions made by a physician on the basis of HRP or in-
laboratory PSG and clinical variables in patients with an intermediate-to-high suspicion of OSAS. There was
a better agreement between HRP and PSG when the AHI was higher (=30 events-h™), but the results were
less satisfactory in patients with mild-to-moderate AHI. The authors therefore recommend CPAP treatment
by HRP only in patients with severe sleep apnoea.

Pneumologists normally adjust CPAP pressure according to attended in-laboratory PSG titration. There are
currently several approaches to CPAP initiation, including unattended auto-CPAP, CPAP titration based on
predicted formula split-night procedure and attended laboratory PSG. Overall, studies comparing these
different methods have shown similar improvements in symptoms, the capacity to eliminate respiratory
events and adherence to treatment [76-78]. In this respect, using auto-CPAP at home with the device for
only one night (using percentile 90) and predicted formula titration with domiciliary adjustment can
replace standard titration in the majority of patients [77]. The AASM [79] also approved unattended
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auto-CPAP to determine a fixed CPAP treatment pressure for patients with moderate-to-severe OSAS and
no significant comorbidities. In summary, auto-CPAP titrations have been successfully integrated into the
ambulatory management of patients with OSAS. Nevertheless, if central sleep apnoea, relevant gas exchange
abnormality, significant comorbidities or uvulopalatopharyngoplasty are present, even in severe nasal
obstruction, standard CPAP titration should be considered [77, 79].

Costs

The last HRP studies have revealed both advantages and disadvantages to costs (table 4). Perhaps the main
advantage is that this type of study does not require a technician to be in attendance. HRP can be performed
in patients with a high probability of OSAS with good efficacy and cost in both diagnosis and treatment
[23, 50-53, 75]. There is, however, a scarcity of formal analyses of both direct and indirect costs.

PARRA et al. [58] calculated the direct and indirect costs of this portable monitoring versus PSG; the reported
cost of home portable monitoring (with or without a technician) was nearly one-third that of full-PSG.
Other cost studies have demonstrated savings of 25-50% compared with a full PSG. These studies included
the expenses incurred by a nurse visiting patients at home and telemedicine approaches to the transmission
of data from portable monitoring devices [52, 53, 72, 74, 80]. Some studies, however, have evaluated the
costs of HRP compared with PSG on the basis of simulated models of hypothetical cohorts of patients,
including diagnosis, CPAP titration and treatment adherence, with contradictory results [81-83]. Nevertheless
these studies were not carried out on a real cohort of patients and the assumptions made in these analyses may
not be applicable to clinical practice. PIETZSCH et al. [84] compared three different strategies (full-night PSG,
split-night PSG and unattended portable home monitoring) using a hypothetical cohort (a decision-analytic
Markov model), and the most cost-effective strategy for diagnosing OSAS patients, surprisingly, was full-night
PSG. This was due to its better diagnostic accuracy and lower number of false-negative and false-positive
results (although these authors may have exaggerated the impact of false-negative and false-positive test
results). In any case, these studies question the notion that home studies should automatically be considered
the most cost-effective test just because the upfront costs are lower than those of PSG.

With regard to CPAP titration, although several papers have shown similar improvements in clinical
outcomes with different CPAP titration approaches [72, 76, 77], more studies are needed to evaluate

TABLE 4. Advantages and disadvantages of portable monitoring devices (PMDs)

Advantages
Accessibility
Improved patient access
Easy self-application of monitoring (no technician required)
Possible impact on waiting list
Cost
Acceptability for patients

Patients with possible anxiety or who are uncomfortable sleeping alone in a laboratory bed, under medical guidance

Patient sleeps in his/her own bed

The effect of environmental factors on sleep variables is still unknown (the sleep pattern is probably more representative of everyday sleep)

Disadvantages
Reliability
Unattended portable monitoring is subject to data loss
Equipment malfunction
Sensor disconnections
Patient or family interference
Telephone-Lline interference (during modem transfer or playback)
Diagnostic limitations
Nonsleep-apnoea diseases
Underestimate of the AHI

No electrophysiological signals needed to score and stage sleep, no detection of hypopnoeas associated with arousals and no evaluation of

the quality of sleep
PMD can vary according to:
Number and types of signals
Sensors used
Methods of scoring
Criteria used to define respiratory events
Cut-off of the AHI used to define diagnosis and severity of 0SAS

AHI: apnoea/hypopnoea index; OSAS: obstructive sleep apnoea syndrome.
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cost-effectiveness. However, auto-CPAP and predicted formula titration could lead to considerable savings
and significant reductions in waiting lists. In this respect, MCARDLE et al. [85] reported that the total costs
for auto-CPAP titration was much lower than those of laboratory auto-CPAP (less than one-third).

Type 4 sleep study (unattended super-simplified systems)

General characteristics of type 4 monitors

Nowadays, there are many different type 4 monitors but unfortunately they have not been standardised. Some
record single channels of nasal pressure [86-88], peripheral artery tone [89], tracheal sound [90] and
transthoracic impedance or oxygen saturation [69, 91], while others record combinations of variables [92-97].
We do not yet know, however, which signals or channels are essential for diagnosis in OSAS patients.

Type 4 monitors are supersimplified devices with 1-2 channels (usually oximetry and/or airflow). These
devices may measure three or more parameters, but do not meet all the criteria of a higher category device [22].

Diagnostic accuracy

Nocturnal oximetry has been used as a screening method as it can demonstrate the presence of apnoea or
hypopnoea, but does not distinguish between central or obstructive disorders; it also does not detect events
without desaturation. Its use as a single diagnostic method is, therefore, not recommended.

None of these type 4 devices records sleep state and it is common to underestimate both the AHI and arousals.
Various surrogate measures of arousals, such as actigraphy, have tried to improve the arousal index and
possibly the agreement between OSAS diagnosis and PSG [50, 98-101]. Any improvement would only be
slight, however, and not clinically important, as Masa et al. [54] reported in the case of a type 3 device.

In recent years, these devices have been validated with PSG at different sensitivities and specificities,
depending on the device or the AHI cut-off value [34, 89, 102-110].

Several studies have evaluated the diagnostic accuracy of single-channel nasal airflow pressure transducers
with oximetry and pulse to identify patients with a high pre-test probability of OSAS in comparison with in-
laboratory PSG [103, 106—112]. Overall, the AHI correlation was similar in both these two methods. The
predictive values were especially high at AHI >10 events-h™ [108] and AHI >20 events-h™ [109-111].
Moreover, the addition of an oximetry channel to nasal flow did not increase the accuracy of diagnosis
[107]. Thus, single-channel nasal airflow pressure can be used as an accurate alternative diagnostic tool
either at home or in a sleep clinic in this population.

Another strategy focused on improving the underdiagnosis of OSAS in primary care by using simplified
models (obstructive sleep apnoea (OSA)-50 questionnaire followed by home single-channel nasal airflow
pressure oximetry and validated against full PSG). The overall accuracy in identifying moderate-to-severe
OSAS (>80%) and the high negative predictive value obtained were extremely useful in ruling out disease [34].

Furthermore, other type 4 devices have been evaluated for screening or identifying OSAS in different
populations, with mixed results [94, 95, 105, 113].

0SAS process management and therapeutic decisions

Various studies with type 4 monitors have used comprehensive algorithms, incorporating portable
monitoring to both diagnose and initiate treatment in their OSAS patients [97, 114]. BERRY et al. [97]
compared a type 4 device with PSG and they found no statistical difference in clinical outcomes (Epworth
Sleepiness Scale, Functional Outcomes of Sleep Questionnaire or CPAP adherence) between the two groups,
but considerable time was spent training the patients how to use the portable monitoring device.
Furthermore, a randomised study between home oximetry and PSG [114] demonstrated that there were no
significant differences in predictions of the outcomes or benefits of CPAP made by home oximetry or PSG.
These studies suggest that it may be possible to start CPAP treatment on the basis of portable monitoring
type 4 devices, but more studies are needed.

Several studies have compared single-channel nasal pressure via nasal cannulae (SNP) and automatic
scoring with in-laboratory PSG [88, 104—111]. The authors suggested performing SNP in all patients with
OSAS suspicion and recommending CPAP for severe cases (i.e. SNP RDI >30 events-h’l). However, the
drawbacks are the underestimation of SNP RDI compared with PSG, particularly for intermediate-to-high
RDI values, and the difficulty in obtaining a single cut-off point for SNP RDI that either identifies or rules
out OSAS. Large studies are needed to determine whether a SNP with automatic scoring could recommend
CPAP treatment in agreement with therapeutic decisions based on in-laboratory PSG.

In recent decades, portable monitoring devices, particularly type 3 monitors, have improved quite
considerably, but they are still quite complicated to assemble and score. These factors could contribute to
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the underdiagnosis and undertreatment of OSAS, especially on a primary care level. Many type 4 portable
monitoring devices are currently available, but one in particular, based on single-channel nasal pressure as
surrogate airflow, has been developed with encouraging results. It is probable that these devices could be
useful at different health levels and even primary care physicians could manage them. Perhaps SNP could be
recommended at the primary care level for a more symptomatic group of patients or for a high SNP RDI
cut-off, as in the case of a therapeutic decision based on RP [75].

Costs

The availability of cheaper, more user-friendly devices for the management of patients with OSAS, such as
type 4 monitors, could develop different approaches applicable by healthcare professionals who are not
sleep specialists, such as family doctors.

OSAS is more common than asthma, COPD or diabetes and it needs to be managed at different health
levels, given that OSAS is already a great burden to public health.

Cost analyses are complicated by the variability of the type 4 devices, and inferences about cost savings are
based on favourable sensitivity and specificity conclusions for portable monitoring devices. Therefore, these
results should be treated with caution.

One of the few cost-effectiveness analyses to be performed compared nocturnal oximetry with PSG to
determine their usefulness in OSAS [115]. This analysis showed that there were cost savings in oximetry, but
the considerable loss of diagnostic accuracy did not ultimately provide a cost-effective approach.

Another study was performed in 150 patients attending a sleep laboratory [116]. All the patients used a
portable monitoring device, which was followed by a PSG in two situations: doubtful results (25%) and results
that indicated that repeat testing was required (10%). The authors concluded that it could reduce the need for
diagnostic PSG in almost 75% of patients, thereby reducing the costs associated with diagnostic approaches.

One recent publication was performed using an apnoea-link device: it compared the primary care
management of patients with OSAS (using auto-CPAP) with specialist sleep-centre management with PSG
[25]. This interesting study featured treatment from a primary care physician that was managed by a trained
nurse. The authors observed that primary care management was ~40% cheaper than solely specialist care
after 6 months of follow-up, with no clinical differences between the two groups. However, more patients
withdrew from the study in the primary care group (21% versus 8%).

Given that apnoea-link studies with a single channel of nasal airflow pressure have produced promising
results, well-designed cost-effectiveness studies should be performed in the future.

Conclusions

Although in-laboratory PSG is the standard test used to diagnose OSA, the evidence shows that, in adult
patients with a high pre-test probability of moderate-to-severe OSAS, unattended portable monitoring
devices (type 2 and 3) can be used at home for diagnosis, particularly when access to laboratory sleep studies
and sleep specialists is limited [71-74, 97, 98, 117]. This approach could reduce the underdiagnosis and
undertreatment of OSAS patients.

Moreover, we should not forget that PSG becomes important in patients who have symptoms and certain
comorbidities, such as COPD or stroke, but no significant indication of OSAS on portable monitoring, as
well as in patients with a history suggesting a different sleep disorder.

Results obtained from portable monitoring devices may be less accurate compared with those from attended
devices, but overall they are less expensive and can be used in the patient’s home. There is no ideal portable
monitoring device, but the device needs to provide a sufficiently accurate diagnosis and be adaptable for
auto-application in the home by inexperienced patients.

Several strategies have considered a primary care model [25] and a trained nurse model using home
autoCPAP [74] to diagnose and treat patients with OSAS, with promising results. Moreover, there are many
studies that show no difference in short-term compliance and response to CPAP therapy when portable
monitoring and CPAP autotitration at home are compared with in-laboratory PSG.

With regard to evidence gathered in type 4 sleep studies, the results are less conclusive. There remains some
residual doubt about the generalised use of these devices for diagnosis. Nevertheless, studies performed on SNP
versus in-laboratory PSG [88, 104—111] have achieved acceptable outcomes, but more studies are still necessary.

It is probable the management of OSAS patients could be improved by using the type 1-4 sleep studies
available in a sleep reference centre, working in coordination with primary care and sleep nonreference
centres that only have type 3 or 4 monitoring devices available. This approach could also be enhanced by
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FIGURE 1 Diagnostic and management strategy recommended in obstructive sleep apnoea syndrome (OSAS) suspicion [52, 75-77]. Low probability: snoring +
apnoea + no sleepiness, no cardiovascular comorbidity. Medium probability: snormg + apnoea and/or Epworth Sleepiness Scale (ESS) 12 15 and/or body mass
index (BMI) >30 kg-m™, no cardiovascular comorbidity. High probability: snoring + apnoea + ESS >15 and/or BMI >30 kg-m~ and/or cardiovascular
comorbidity. *: consider also single nasal pressure and oximetry (type 4 sleep study) and auto-continuous positive airway pressure (CPAP); *: no agreement in
respiratory polygraphy (RP) apnoea/hypopnoea index (AHI) cut-off point to establish OSAS diagnosis by RP, but could consider OSAS with RP AHI cut-off
point =10 events-h™' [52]. COPD: chronic obstructive pulmonary disease; PSG: polysomnography; MSLT: Multiple Sleep Latency Test.

telematic procedures [52]. One possible diagnostic and management strategy in cases of suspicion of OSAS
is summarised in figure 1.

We should really regard ambulatory monitoring as a complementary rather than an exclusive method of
in-laboratory PSG in OSAS patients.

It is time to look to the future and, as stated by the official Americal Thoracic Society/AASM/American
College of Chest Physicians/European Respiratory Society Workshop report, there are priorities in
ambulatory management of adults with OSAS [118]. We should work together to establish adequate
research networks for sleep disorders and develop disease management models based on prospective clinical
and economic outcome studies because, despite the possible appeal of portable monitoring devices, more
cost-effectiveness studies with measures of quality-associated life-years should be performed. There is also a
need for studies in specific populations, such as children and patients without any high pre-test probability
of OSAS and, finally, scoring methods need to be standardised.
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