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Guidance is needed to help clinicians decide which out-of-
center (OOC) testing devices are appropriate for diagnosing
obstructive sleep apnea (OSA). A new classification system
that details the type of signals measured by these devices is
presented. This proposed system categorizes OOC devices
based on measurements of Sleep, Cardiovascular, Oximetry,
Position, Effort, and Respiratory (SCOPER) parameters.
Criteria for evaluating the devices are also presented, which
were generated from chosen pre-test and post-test prob-
abilities. These criteria state that in patients with a high pre-
test probability of having OSA, the OOC testing device has a
positive likelihood ratio (LR+) of 5 or greater coinciding with an
in-lab-polysomnography (PSG)-generated apnea hypopnea
index (AHI) = 5, and an adequate sensitivity (at least 0.825).
Since oximetry is a mandatory signal for scoring AHI using PSG,
devices that do not incorporate oximetry were excluded. Eng-
lish peer-reviewed literature on FDA-approved devices utilizing
more than 1 signal was reviewed according to the above crite-
ria for 6 questions. These questions specifically addressed the
adequacy of different respiratory and effort sensors and combi-
nations thereof to diagnose OSA. In summary, the literature is
currently inadequate to state with confidence that a thermistor
alone without any effort sensor is adequate to diagnose OSA;
if a thermal sensing device is used as the only measure of res-
piration, 2 effort belts are required as part of the montage and
piezoelectric belts are acceptable in this context; nasal pres-

sure can be an adequate measurement of respiration with no
effort measure with the caveat that this may be device specific;
nasal pressure may be used in combination with either 2 piezo-
electric or respiratory inductance plethysmographic (RIP) belts
(but not 1 piezoelectric belt); and there is insufficient evidence
to state that both nasal pressure and thermistor are required to
adequately diagnose OSA. With respect to alternative devices
for diagnosing OSA, the data indicate that peripheral arterial
tonometry (PAT) devices are adequate for the proposed use;
the device based on cardiac signals shows promise, but more
study is required as it has not been tested in the home setting;
for the device based on end-tidal CO, (ETCO,), it appears to
be adequate for a hospital population; and for devices utilizing
acoustic signals, the data are insufficient to determine whether
the use of acoustic signals with other signals as a substitute for
airflow is adequate to diagnose OSA.

Standardized research is needed on OOC devices that report
LR+ at the appropriate AHI (= 5) and scored according to the
recommended definitions, while using appropriate research
reporting and methodology to minimize bias.
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1.0 INTRODUCTION

The first widely used classification system for describing
sleep testing devices was published by the American Academy
of Sleep Medicine (then the American Sleep Disorders Asso-
ciation) in 1994, placing available devices into 4 categories
based upon the number and type of “leads” used and the cir-
cumstances in which the device was used. This schema closely
mirrored available Current Procedural Terminology (CPT)
codes, worked for the majority of the then-available devices,
and served to foster development of practice guidelines and
reimbursement decisions. However, since that time, a pleth-
ora of innovative testing devices have been developed, many
of which do not fit well within that classification scheme. In
2010, the Board of the American Academy of Sleep Medi-
cine (AASM) commissioned a task force to determine a more
specific and inclusive method of classifying and evaluating
sleep testing devices other than polysomnography (PSG) used
as aids in the diagnosis of obstructive sleep apnea (OSA) in
the out-of-center (OOC) setting. The scope of this work was
specifically limited to classification and evaluation of the per-
formance characteristics of the technology itself and will not
address their use in practice guidelines, accreditation stan-
dards, or management principles.

There are many issues involved in classifying and evaluat-
ing the performance characteristics of the wide array of devices
purporting to diagnose OSA outside of the realm of attended
polysomnography: (1) many different sensors might be used
to measure the same physiologic parameter; (2) sensors may
be combined in varied ways in an effort to enhance accuracy;
(3) different physiologic parameters might be measured in one
device vs. another; (4) signals may be modified by analog or
digital processing to arrive at derived measures; and (5) studies
evaluating and comparing devices may have employed varied
“gold standards” or outcome measures. These and other factors
make comparisons and generalizations between studies of even
similar devices difficult.

The overarching purpose of our technology assessment
is to provide a means of answering some pertinent clinical
questions:

1. Is a thermal sensing device without an effort measure
adequate to diagnose OSA?

2. Is a thermal sensing device with a measure of effort
adequate to diagnose OSA?

3. Is nasal pressure without an effort measure adequate to
diagnose OSA?

4. Is nasal pressure with an effort measure adequate to
diagnose OSA?

5. With an effort measure, is nasal pressure in combination
with a thermal sensing device significantly better than
either a thermal sensing device or nasal pressure alone
to warrant the requirement of both sensors?

6. What is the evidence for alternative devices to
diagnose OSA?

We will first discuss an approach to addressing the complexi-
ties and challenges involved in assessing the performance and
characteristics of OOC devices, and then use the methods de-
vised to address the clinical questions above.
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Variations in the Standards and Outcomes Used to
Evaluate and Compare Devices

In addition to variability in sensors used in PSG, the defini-
tions for apneas, hypopneas, apnea-hypopnea index (AHI), re-
spiratory disturbance index (RDI), and OSA are also variable.
The AASM Manual for the Scoring of Sleep and Associated
Events: Rules, Terminology and Technical Specifications’ was
written in an attempt to standardize the scoring definitions,
but even the manual has 2 acceptable definitions of hypop-
nea. To emphasize the impact that different hypopnea scoring
has on resultant AHI, Ruehland et al.? reported that the AHI
of studies scored utilizing the “Chicago” criteria (hypopnea
defined by a 50% reduction in airflow or < 50% reduction in
airflow associated with a 3% oxygen desaturation and/or an
arousal) was 3 times the AHI of the same studies scored using
the recommended hypopnea definition from the AASM scor-
ing manual. To further complicate matters, the scoring used
for an OOC device may or may not be the same as that used
for the in-lab PSG because different sensors are used (includ-
ing lack of a standard sleep measurement). Additionally, the
definition of what level of AHI is considered adequate to con-
firm a diagnosis of OSA that qualifies for treatment is vari-
able across studies. In this paper, we will use the definition of
OSA-positive as an AHI > 5.

For this document, the following definitions will apply, ex-
cept as used by the study’s author in which case their terminol-
ogy was used:

The standard definition of AHI (AHI) as determined during
attended laboratory PSG is:

AHI = [apneas (10 sec without flow) + hypopneas (reduced flow with 4% desat)]

Total sleep time (h)

The nonstandard definition of AHI (AHI ) is defined as:

» [all PSG determined respiratory events (apneas, hypopneas using other definitions, RERAs)]
1=
Total sleep time (h)

The respiratory event index (REI) is defined in the context of
0OC testing devices as:

[apneas + hypopneas]

REI =
Total sleep or recording time (h)

In addition to obtaining physiologic measures, many
studies examining OOC devices report a variety of additional
outcomes measures, such as compliance with positive
airway pressure or change in subjective sleepiness. This
makes summarizing the evidence across studies exceedingly
challenging.

Keeping these challenges in mind, we have attempted to ac-
count for these challenges in 2 ways.

1. We have translated the varied outcome measures of
studies evaluating portable testing devices into a dimen-
sionless, useful parameter—the positive likelihood ratio
(LR+) delivered by applying a given test and obtaining a
“positive” result. This allows comparisons across a wide
variety of devices that is less sensitive to variations in
case definitions.



2. We have developed a device categorization scheme that
is adaptable, descriptive, and we believe workably spe-
cific (see SCOPER system below).

2.0 DETERMINING CRITERIA

FOR EVALUATING DEVICES

Criteria need to be established to evaluate the appropriate-
ness of OOC devices to diagnose OSA. The 2007 Clinical
Guidelines?® prescribe that OOC devices should be used in pa-
tients with a “high pretest probability” for OSA. The follow-
ing section outlines the logic used in establishing the definition
of “high pretest probability.” The clinical determination of the
pre-test probability is beyond the scope of this document, but
will be addressed in a companion paper.

Essentially, the OOC device should be used to increase the
pretest probability to a sufficiently high post-test probability
that one is very certain that the patient has OSA. For the pur-
poses of this paper, we will recommend that to be considered
as having OSA, the post-test probability should be > 95%. The
relationship between the pre- and post-test probability may be
described by the likelihood ratio, or LR. We are most concerned
with using OOC devices to “rule in” OSA, and therefore we are
interested in the positive likelihood ratio, LR+.# The criteria for
using OOC devices to “rule out” OSA may be different and are
not addressed here.

The combination of the following 3 equations describes the
relationship between the LR+, pretest probability, and post-test
probability and is shown graphically in Figure 1:

1. odds,, = probability  /(1-probability )

2. odds

post

=odds, > LR+

3. probability, = odds  /(1+odds

post pust)

This foundation enables a judgment to be made as to a
device’s adequacy to be used to help diagnose OSA given a
patient’s specific pretest probability. Figure 1 shows the rela-
tionship between post-test probability and LR+ at a variety of
pretest probabilities between 0.5 and 0.95. The required device
LR+ to achieve a post-test probability of 95% increases as the
pretest probability decreases. For example, if the pretest prob-
ability is only 50%, the required LR+ would be greater than 20
(which is off the scale on this figure). For the purposes of this
paper, a minimum pretest probability of 80% is suggested such
that a reasonable requirement for LR+ can be employed for
assessing devices. From Figure 1, at the given pretest (80%)
and post-test (95%) probabilities, the device must have an LR+
of at least 5 to be clinically useful. This LR+ cutoff value will
change if different pretest or post-test probabilities are em-
ployed. Similarly, if the device has an LR+ greater than 5, it
could be acceptable at lower pretest probabilities. Also, if the
device has an LR+ of 5 and the population has a pretest prob-
ability of only 50%, the post-test probability of disease drops
to only 83%.

We also wanted to be sure that we are not increasing the
burden of testing to the patients. That is, will the burden of
some patients getting 2 tests (complex and simple) outweigh
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Figure 1—The relationship between LR+, pretest probability,
and post-test probability
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the benefit of some patients needing only 1 simpler test? This
depends on how much burden the simple test causes relative
to the gold standard as well as other factors (e.g., patient
doesn’t follow up after initial negative test). We suggest
that we want to have at least two-thirds of the population
(66%) be diagnosed accurately as positive with the simple
test; therefore, we set a minimum value for the sensitivity
at 0.825. We have also included in the results (Tables 3-11)
the negative likelihood ratios, but have concentrated on the
positive LR in our schema.

Additionally, the definition of what level of AHI is consid-
ered adequate to confirm a diagnosis of OSA is variable across
studies. According to the ICSD,* an AHI > 5 with symptoms
is indicative of OSA. But should that definition remain the
same for OOC testing considering the variety of event defini-
tions, event detection technologies, as well as a difference
in clinical management protocol? The authors judged that it
should, for reasons including the desire to minimize the num-
ber of follow-up in-lab PSGs. Figure 2 illustrates the concept
of setting the AHI cutoff at 5 to maximize true positives, true
negatives, and minimize false negatives in the context of a
high pretest probability for OSA. To summarize, devices are
judged on whether or not they can produce an LR+ of at
least 5 and a sensitivity of at least 0.825 at an in-lab AHI
of at least 5.

Only if the authors defined OSA at a different cutoff or if
they used the Chicago criteria® (see footnote following article)
were different cutoffs considered in this evaluation of LR+.
As described previously, this is the proposed criterion because
AHI utilizing the “Chicago criteria” results have been found to
be roughly 3 times the 2007 Scoring Manual Recommended
rule.!? Therefore an AHI of 15 determined using the 1999 rules
would be roughly equivalent to an AHI of 5 using the current
recommended rule.

Journal of Clinical Sleep Medicine, Vol. 7, No. 5, 2011
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Figure 2—lllustration of the combination of the populations
of patients with and without OSA with respect to the AHI
cutoff, high pretest probability, true positive, true negative,
and false positive results
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3.0 THE SCOPER CATEGORIZATION SYSTEM

3.1 Development

In 1994, the AASM (formerly the ASDA) published Practice
Parameters for the Use of Portable Recording in the Assessment
of Obstructive Sleep Apnea’ and an associated review paper®
that categorized out-of-center (portable) devices into 4 levels:
(1) standard attended PSG; (2) comprehensive portable PSG
(unattended); (3) modified portable sleep apnea testing (unat-
tended, minimum of 4 channels including ventilation [at least 2
channels of respiratory movement or a combination of respira-
tory movement and airflow], heart rate or electrocardiography
(ECG), and oxygen saturation; and (4) continuous single- or
dual-bioparameter recording (unattended).® However, it has
become increasingly apparent that with the continual techno-
logical changes that occur over time, this categorization is no
longer useful. Many devices do not fit into these categories.
Therefore, a new categorization scheme is needed.

A new scheme is suggested based upon the sensors used to
measure each of the following:

Sleep, Cardiovascular, Oximetry, Position, Effort, and Re-
spiratory, i.e. SCOPER.

3.2 Assessment of Each SCOPER Category
Each category of SCOPER was assessed individually as de-
scribed below:

1. Sleep: The presence of a measurement of sleep was not
quantitatively evaluated. The logic employed is that the
measurement of sleep relates in large part to the final
assessment of the sleep disordered breathing index, i.e.,
whether the denominator of the index is per hour of
sleep or per hour of recording time. This will predomi-
nantly affect the cutoffs of positive or negative diagno-
ses, which can be addressed with some calibration of the
device to in-laboratory PSG studies. At least 1 study’
stated that the addition of sleep surrogate measurement
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(e.g., actigraphy) did not improve the device’s perfor-
mance for patients with a high pretest probability for ob-
structive sleep apnea.

. Cardiovascular: The cardiovascular measurement
evaluation was focused on devices that used either the
cardiac signal or a vascular signal (e.g., peripheral arte-
rial tonometry) to derive a respiratory event index. This
is the only signal in which the usual PSG signal (one
lead of ECG) is “demoted” to a lower level as it is used
on a PSG typically for rate and rhythm analysis, rather
than assessment of disordered breathing. We realize that
these signals often measure different physiologic sig-
nals (cardiac vs. vascular tone) but felt that the novel
PAT signal fit best in this category, although one could
also argue to put it in a different category (respiratory
or sleep).

. Oximetry: Since the definition of AHI as measured by
conventional parameters relies on desaturation to iden-
tify many events, for the determination of REI, a device
must include an oximeter.

. Position: Although we felt important to note in the cat-
egorization, the presence of a measurement of position
was not quantitatively evaluated since it is not routinely
used to diagnose OSA. P, is considered video or visual
confirmation of body position, and P, is considered any
other method to determine body position that is non-vi-
sual in nature. The effect of positional variations on OSA
is a topic for research.

. Effort: The addition of a measurement of respiratory ef-

fort was included in the key questions that follow. The

best effort measure as noted in the scoring manual' is

respiratory inductance plethysmography (RIP) with 2

belts. Beyond this gold standard, research on the use of

1 RIP belt, 2 or 1 piezo belt and other effort measures is

scanty with regards to OOC devices.

Respiratory: The evaluation focused on the measurement

of airflow, either by conventional or alternative methods.

Levels of each category of SCOPER are outlined in Table 1.

These levels are numbered from 1 up to 5 (depending on cat-
egory) and are based on the type of sensor or measurement that
the device uses for that category. Note that when the device does
not measure a certain category, that category is not included in
its SCOPER identification and a “0” is listed in that category
in Table 2. Also, if the type of signal has not been adequately
defined in the study to allow a number to be assigned, it is de-
noted by an “x”. In particular, for oximetry, the sampling rates
have typically not been described in the literature, which has led
to most devices being designated “O, ”, indicating a finger or
ear oximeter where the sampling time and/or rate have not been
adequately described.

4.0 CLASSIFICATION OF OOC DEVICES BY SCOPER

A systematic search of the literature was performed, and
when peer-reviewed literature in English was available for an
FDA-approved device, data were extracted according to stan-
dardized methodology (see Appendix I). These data were used
to categorize the devices according to the SCOPER scheme
as shown in Table 2. Devices that were used in more than 1

6.
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Table 1—SCOPER Categorization System

Sleep Cardiovascular Oximetry Position Effort Respiratory
S,—Sleepby 3EEG | C,-more than 1 0O, — Oximetry (finger | P, - Video or E, -2 RIP belts R, —Nasal pressure
channels* with ECG lead - can or ear) with visual position and thermal
EOG and chin derive events recommended measurement device
EMG sampling
S, — Sleep by less C, — Peripheral 0,, — Oximetry (finger | P,—Non- E, - 1RIP belt R, — Nasal pressure
than 3 EEG* with arterial or ear) without visual position
or without EOG tonometry recommended measurement
or chin EMG sampling
(per Scoring
Manual) or not
described
S, —Sleep surrogate: | C, - Standard ECG 0, — Oximetry with E, — Derived effort R, — Thermal device

e.g. actigraphy

measure (1 lead)

alternative site
(e.g. forehead)

(e.g. forehead
VErsus pressure,

FVP)
S, — Other sleep C, — Derived pulse 0, — Other oximetry E, — Other effort R, - End-Tidal CO,
measure (typically from measure (ETCO,)
oximetry) (including piezo
belts)

C, - Other cardiac
measure

R - Other respiratory
measure

Proper oximetry sampling is defined as 3 s averaging and a minimum of 10 Hz sampling rate (25 Hz desirable).'*3 EEG channels defined as frontal, central
and occipital. EEG, electroencephalography; EOG, electrooculography; EMG, electromyography; ECG, electrocardiography; RIP, respiratory inductance

plethysmography.

Table 2—Devices by SCOPER Categorization

Device Name Sleep Cardiac  Oximetry  Position Effort  Respiratory
ApnealLink (Ng 2009) 0 4 1x 0 0 2
Apnoescreen | (Golpe 2002) 3 4 1x 2 0 3
Apnoescreen |l (Garcia-Diaz 2007) 3 3 1x 2 4 3
ARES (Westbrook 2005) 3 4 2 2 0 5
ARES (Ayappa 2008, To 2009) 3 4 2 2 3 2
Compumedics PS-2 (Iber 2004) 2 3 1x 0 1 3
Embletta PDS (Ng 2010) 0 4 1x 2 1 2
Embletta (Dingli 2003) 0 0 1x 2 4 2
Morpheux Hx software with standard hospital signals (Amir 2010) 4 3 1x 0 4 4
Northeast Monitoring Holter-oximeter (Heneghan 2008) 0 3 1x 0 0 0
Novasom QSG/Bedbugg/Silent Night (Reichert 2003) 0 4 1x 0 X 5
Novasom QSG/Bedbugg/Silent Night (Claman 2001) 0 4 1x 0 4 5
Remmers/SnoreSat (Jobin 2007) 0 0 1x 2 0 5
Siesta (Campbell 2010) 2 3 1x 2 4 1
SNAP (Michaelson 2006) 0 4 1x 0 0 5
SNAP (Su 2004) 0 4 1x 0 X 5
Somté/Morpheus (Takama 2010) 0 4 1x 0 X 3
Stardust Il (Yin 2006, Santos-Silva 2009) 0 4 1x 2 4 2
WatchPAT (Bar 2003) 0 2 1x 2 0 0
WatchPAT (Ayas 2003, Pittman 2004, Pittman 2006, 3 2 1x 2 0 0
Zou 2006, Pang 2007, Choi 2010)

535 Journal of Clinical Sleep Medicine, Vol. 7, No. 5, 2011
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Table 3—Device with thermistor as the only measure of respiration (R,)

LR+ LR- Sensitivity
SCOPER/Device/Author (year) Evidence Level Setting at REVAHI 210
8,C,0,,P,R,/Apnoescreen I/Golpe et al. (2002) Ilb HIL 2.7 0.31 078

configuration have more than 1 SCOPER categorization. We
limited the categorization to those configurations with appro-
priate literature and did not list all the configurations possible
per manufacturers’ specifications. We have not included (1)
FDA-approved devices for which there is no literature; (2) non-
FDA approved devices that do not have a current related FDA-
approved device on the market; (3) single- channel devices;
(4) therapeutic devices used in diagnostic mode; or (5) devices
without oximeters.

5.0 METHODS AND KEY QUESTIONS

We developed a series of questions to evaluate the OOC de-
vices. Because oxygen desaturation is currently required for
scoring certain defined sleep related breathing events, accept-
able devices must have oximetry as a mandatory signal. There-
fore any device without an oximeter is currently not considered
an acceptable device. Subsequently, all devices reported on
herein have an oximeter. Because the effort and respiratory cat-
egories of SCOPER are significant parameters for diagnosing
OSA, they will be the focus of this evaluation, which addresses
the following key questions:

1. Is a thermal sensing device without an effort measure
adequate to diagnose OSA?

2. Is a thermal sensing device with a measure of effort
adequate to diagnose OSA?

3. Is nasal pressure without an effort measure adequate to
diagnose OSA?

4. Is nasal pressure with an effort measure adequate to
diagnose OSA?

5. With an effort measure, is nasal pressure in combination
with a thermal sensing device significantly better than
either a thermal sensing device or nasal pressure alone
to warrant the requirement of both sensors?

6. What is the evidence for alternative devices to diagnose
OSA?

Details on the methodology used to find, grade, and ex-
tract the literature to answer these questions are described in
Appendix I (pages 544-6), as well as the grading results for each
study. In particular, the setting of the tests is considered impor-
tant. The best evidence for an OOC device is when tested con-
currently with PSG and also tested OOC (designated as “home/
lab” or H/L). The studies designated as H/H (“home/home™) de-
notes the device was tested in the home against a comprehensive
portable PSG device also performed in the home; and L/L (“lab/
lab”), where the device was only tested simultaneously against
PSG in the lab. The sensitivity of the devices was also reported
in order to show the rate of false negatives. In some cases, the
LR+ was calculated from the data in the paper based on our defi-
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nitions and what was reported by the authors. Lastly, although
results at AHI/REI > 5 were desired, often they were not pre-
sented at this cutoff value; in those cases the data are presented
at the cutoff reported. Also ideally, the LR+ and sensitivity cut-
offs should be met in the home setting, but because the data are
so sparse, for this paper, if the criteria were met in any setting
the device configuration described was considered acceptable.

Appendix II (page 547) lists the studies that were excluded
with the reasons for their exclusion. Appendix IIT (page 548)
lists other additional outcomes information that was found in
the excluded literature that did not specifically provide data for
this assessment.

6.0 RESULTS

6.1 Key Question 1

Is a thermal sensing device without an effort measure
adequate to diagnose OSA?

There was 1 paper'® that contained data that could be used
to address this question. Table 3 summarizes the data. The Ap-
noescreen I, which did not have any effort measurement, did
not produce an LR+ greater than 5 at the only reported REI/
AHI (> 10).

SUMMARY
The literature is currently inadequate to state with confidence
that a thermal sensing device alone is adequate to diagnose OSA.

6.2 Key Question 2

Is a thermal sensing device with a measure of effort adequate
to diagnose OSA?

Three papers addressed this question. The data are sum-
marized in Table 4. Two of the papers compared 2 OOC
devices to each other: in Iber et al.,'' the same device (with
a thermocouple) was used both in the home and in the lab
(S,C,0,.E,R,/PS-2 System), and in Takama and Kurabayas-
hi,'? a simpler device (C,0, E R,/Somté Morpheus) was com-
pared to a more complex one (S,C,O, E R,/P-Series Plus)
both with thermistors in the laboratory. Interestingly, the di-
rect comparison of the same device in different environments
(Iber et al.) provided an LR+ of only 3.1. The authors stated
that their observed differences were equivalent to the variabil-
ity of repeated studies in the same setting. Positional variation
was a reason posed for the variability, but unfortunately, their
device did not measure position so a detailed analysis was not
possible. In Takama and Kurabayashi’s study, an LR+ of 5.8
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Table 4—Devices with thermistor as the only measure of respiration (R,) with effort measurement

SCOPER/Device/ Evidence

Author (year) Level Setting LR+ LR- Sensitivity
S,C,0,PER/ la LiL 7.9 t0 24 at REVAHI = 10 0.06 at REI/AHI > 10* 0.95 at RE/AHI . > 10
Apnoescreen ll/Garcia-

Diaz et al. (2007) la H/L 10.5to ~ at REI/AHI ;=10 | 0.14t0 0.18 at REI/AHI ;= 10* | 0.84-0.86 at REI/AHI , = 10*
$,C,0,,E,R,/PS-2

System/Iber et al. lla H/L 3.1** at REI = 13.81 0.77** at REl 2 13.81 0.31** at REl = 13.81
(2004)

C,0,ER,vs.

S,C,0,.ER,/Somté/

Morpheus vs. P-Series IVb LiL 5.8 at REI/AHI, > 20 0.22 at REI/AHI = 20 0.81 at REVAHI, = 20
Plus/Takama and

Kurabayashi (2010)

*This study compared 2 scorers (reason for the range in LR+). **Calculated from reported data.

Table 5—Devices using only nasal pressure as a measurement of respiration (R,)

SCOPER/Device/ Evidence

Author (year) Level Setting LR+ LR- Sensitivity
C,0,,R,/ApneaLink/ - i 2 S
N la LL for all REVAHI, (5-20) 0 for all REI/AHI,, (5-20) 1.0 at REVAHI = 5
$.C,0,P,E R JARES/ la LL 6.0 at REVAHI, = 5 0.02 at REVAHI, > 5 0.98 at REVAHI, > 5
Ayappa etal. (2008) la HIL 4.4* at REVAHI, 2 5 0.12 at REVAHI, > 5 0.90 at REVAHI, > 5
5,C.0P,E,RJARES/ lla LL « at REVAHI > 5 0.1 at REVAHI > 5 0.89 at REVAHI,, 2 5
Toetal. (2009)

*Defined as OSA+

was found for REI > 20 for the simpler device in the home as
compared to the complex one in the laboratory. No data were
provided on lower REIs. This was only a Level IVb study
because of lack of blinded scoring.

One other study® compared a simpler device to laboratory
PSG. The Apnoescreen II which uses a thermistor, produced
an LR+ greater than 5 at both REI/AHI _ reported (10 and 15).
The Apnoescreen II (S,C,0, P,ER,) used 2 piezoelectric ef-
fort belts, and it had an ECG lead. Two of the 3 studies met the
sensitivity cutoff.

SUMMARY

This small data set indicates if a thermal sensing device is
used as the only measure of respiration, 2 effort belts are re-
quired as part of the montage. It appears that piezoelectric belts
are acceptable in this context.

6.3 Key Question 3

Is nasal pressure without an effort measure adequate
to diagnose OSA?

Three papers'*-'* addressed this question. The data are sum-
marized in Table 5. The first device (C,0,,R,) had an ad-

equate LR+ on 50 patients, but it has not been tested in the
home." Further validation in the home setting is needed to
confirm this result.

The other papers'*!* discuss the ARES device (S,C,0,P,E,R,).
According to the manufacturer, the ARES relies on a change
in nasal pressure and SpO,, and confirms each event based on
an arousal identified by changes in snoring, head movements,
or sympathetic arousal (pulse rate increase). In the first study
(Ayappa et al., Level [a)'* of over 90 patients, the lab/lab portion
of the study showed adequate LR+ (6.0 at REI/AHI_ > 5), but the
home/lab portion showed inadequate LR+ (4.4 at REI/AHI_>5).
It is acknowledged that meeting the LR+ criterion in the home
setting is more challenging than in the lab setting. This evalu-
ation is based on the AHIR4%,,.. vs AHI4% . data (other
definitions and results were presented, but this definition most
closely matches the Scoring Criteria). In a lab/lab comparison in
the second study, To et al.'> (Level Ila) reported adequate results
(o0 at AHI > 5) in a large study on 141 patients.

SUMMARY

Although the 2 devices that fit into this Key Question have
different configurations, they both show adequate LR+ and
sensitivity values that indicate nasal pressure (with oximetry)
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Table 6—Devices using nasal pressure (R,) plus effort

SCOPER/Device/Author Evidence

(year) Level Setting LR+ LR- Sensitivity
0,,P.E,R,/Embletta/Dingli et al. * *

(2003) [2 Piezo belts] la HiL 0395 0.60

C,0, P,E R /Embletta PDS/ . g .
N 2 RIP bale] I LiL 6.5 at REIAHI, > 5 0.089 at REVAHI,, > 5 0.92 at REVAHI, > 5
C,0,P,E.R Stardust I LiL 2.6 at REVAHI, > 5 0.03 at REVAHI, > 5 0.98 at REVAHI, > 5
Santos-Silva et al. (2009) la

[1 piezo belf] HIL 25 at REI/AHI, 2 5 0.08 at REVAHI, = 5 0.95 at REVAHI, = 5
C,0,,P.E,R;/Stardust Il IV HIL 1.0 at REVAHI_ > 5 N/A 1.00 at REVAHL > 5
Yin et al. (2006) [1 piezo belt] @ Ve := ooa o=

*Calculated from reported data; at AHI = 15 and Embletta REI = 20 defined as OSA+; L/L portion of study used to construct diagnostic cutoffs.

Table 7—Device using both thermistor and nasal pressure (R,)

Evidence
SCOPER/Device/Author (year) Level Setting LR+ LR- Sensitivity
$,C,0,,P,E,R,/Siesta/Campbell and Neill (2010) la HIL 1.8 atREVAHI ;=25 | 0.24 atREI/AHI ;=5 | 0.88 at REI/AHI ;=5

without an effort measure is adequate to diagnose OSA. How-
ever, the uniqueness of the ARES scoring may not make this
configuration (nasal pressure alone without effort measure)
broadly applicable, and further studies with this configuration
are needed.

6.4 Key Question 4

Is nasal pressure with an effort measure adequate to diagnose OSA?

There were 4 papers that contained the required data to ad-
dress this question. Table 6 summarizes the data. One of them
had adequate LR+ results (Ng et al.),'® and one had adequate
LR+ results at an REI that had been previously calibrated to the
in-lab results (Dingli et al.).'” Two studies reported inadequate
LR+ (Yin et al.,'® Santos-Silva et al.').

Dingli et al., who used 2 piezoelectric belts (O, P,E,R,/
Embletta) with a nasal presure sensor, achieved a calculated
LR+ of o at AHI > 15 on PSG, which was defined as OSA-
positive. The lab/lab portion of the study was used to calibrate
the device and cutoffs to in-lab results. For the LR+ calcula-
tion, the authors’ category of “possible OSA” [10 < AHI < 20]
was added to the negative fraction for the results reported in
Table 6. When the “possible OSA” category was recategorized
as positive, the LR+ decreased to 4.

Two studies present LR+ results that were inadequate, and they
were in the category C,0, P,E,R,. One piezoelectric belt was
used to measure respiratory effort. Since the scoring criteria were
equivalent or almost equivalent for the OOC and in-lab tests, it is
unlikely that the inadequate LR+ results are due to scoring issues.
The only time that the LR+ was adequate was at extremely high
REIs (> 30 for Santos-Silva et al.'” and > 50 for Yin'®).

The sensitivity criterion was met in 3 of the 4 studies.
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SUMMARY

The data indicate that nasal pressure can be an adequate
measurement of respiration when either 2 piezoelectric or RIP
belts are used to measure effort (but not 1 piezoelectric belt).

6.5 Key Question 5

With an effort measure, is nasal pressure in combination with
a thermal sensing device significantly better than either a
thermal sensing device or nasal pressure alone to warrant the
requirement of both sensors?

There was only 1 Level Ia study® where both a nasal pres-
sure transducer and a thermistor were used to report an LR+
outcome, and this device used 2 piezoelectric bands. The data,
presented in Table 7, showed inadequate LR+ at REI/AHI > 5.
This is a counterintuitive result, and more data are needed. It is
possible that more complex devices may not give better results.

SUMMARY

There is insufficient evidence to state that both nasal pres-
sure and thermal sensing device are required to adequately di-
agnose OSA.

6.6 Key Question 6

What is the evidence for alternative devices to diagnose OSA?
The final question involves evaluating alternative devices
that derive or calculate REI from signals other than those that
directly measure respiration with either a thermistor and/or na-
sal pressure. Four alternate methods of determining REI were
identified, based on the following signals:
1. Peripheral Arterial Tonometry (PAT)
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Table 8—Devices using PAT signal (Watch PAT)

Evidence

SCOPER/Device/Author (year) Level Setting LR+ LR- Sensitivity
C,0, P,/Bar etal. (2003) la LiL 7 at REVAHI > 10* 0.33 at REVAHI > 10* | 0.7 at REI/AHI = 10*
$,C,0, P,/Zou et al. (2006) la HH 9 at REI/AHI , = 10 0.11 at REI/AHI ;= 10 0.9 at REI/AHI , = 10*
S,C,0, P,/Pang et al. (2007) la LiL 4.7 at REI/AHI ;=5 0.075 at REI/AHI ;= 5 0.94 at REI/AHI ;=25
$,C,0, P,/Pittman et al. (2004) lla L/L 13.0 at REI/AHI, = 5 0 at REI/AHI, 2 5 0.92 at REI/AHI, =2 5

lla HIL o gt REIAHI > 5 0 at REI/AHI, 25 1.00 at REI/AHI, = 5
§,C,0,,P,/Pittman et al. (2006) lla LiL 1.6 at REVAHI , > 5 0.29 at REIAHI , > 5 0.86 at REI/AHI , > 5
S,C,0,,P,/Ayas et al. (2003) lla LiL 2.9 atREIVAHI =10+ | 0.24 atREI/AHI =10+ | 0.83 at REV/AHI > 10¢
$,C,0,P,/Choi et al. (2010) IIb L/Hospital 5.9 at REI/AHI =2 5 0 at REI/AHI, 2 5 1 at RE/AHI, 25

*Calculated from original figure in paper at AHI s, = 10 and REl, . our

scored according to Chicago criteria. tScored according to Chicago criteria; if “converted”

to standard criteria (see Section 1.0), at REI > 15 the LR+ is 8, which is adequate. *Scored according to Chicago criteria; if “converted” to standard criteria

(see Section 1.0), at AHI = 15 the LR+ is 3.5, which is also inadequate.

2. Cardiac signals plus oximetry
3. End-tidal carbon dioxide (ETCO,) as an alternative
measure of airflow
4. Acoustic signals as a substitute for airflow
The following is a summary of the data for the nonstandard
methods of determining REI.

6.6.1 PAT Signal

There were 7 studies meeting inclusion criteria that com-
pared WatchPAT (either S,C,0, P, or C,0, P,) to in-lab PSG.
This device is based on the PAT signal, oximetry +/- actigraphy.
There were 3 Level Ia studies, 3 Level Ila studies, and 1 Level
IIb study on these devices. The data are summarized in Table 8.

The 3 Level Ia studies included Bar et al. (lab/lab portion),?!
Zou et al.,”? and Pang et al.?* In Bar et al., 102 patients included
both healthy volunteers and those with suspected OSA. LR+
was calculated as 7 at REIVAHI > 10 (from Figure 7 in the
original paper); REI was scored according to Chicago criteria,
and the LR+ was adequate. Zou et al. performed a home/home
study of 106 patients; the LR+ was calculated as 9 from Figure
4 in the original paper and was an adequate value. Pang et al.
performed a lab/lab study on 37 patients with suspected OSA.
The LR+ at REI/AHI > 5 was 4.7, which is marginal.

The 3 Level Ila studies included Pittman et al.,* Pittman
et al.,> and Ayas et al.® Pittman et al.** included both lab/lab
and home/lab comparisons in this study on 30 patients. REIs
were presented for the in-lab PSG using both the Chicago and
standard AHI criteria and compared to REIs generated with a
proprietary algorithm for the Watch PAT. The LR+ at REI > 5
using standard AHI scoring criteria was 13.0 in the lab and oo at
home, which is adequate.

Pitman et al.?® assessed residual SDB during CPAP therapy
with the Watch PAT in a lab/lab study. Using the Chicago cri-
teria, the LR+ at REI > 5 was 1.6, which is inadequate. Ayas et
al. performed a lab/lab study of 30 persons with and without

suspected OSA. For the AHI _ threshold of 10 using Chicago
criteria, the optimal LR+ (not defined at what REI cutoff) was
2.9, which is inadequate. For a threshold of AHI > 15, it was
also inadequate at LR+ =3.5.

The remaining study was Level IIb (Choi et al.),?” who re-
ported the LR+ as 5.9 at REI/AHI_ > 5 on 25 subjects studied
in-lab and in the hospital; all lab PSGs were scored according
to the 2007 scoring manual.

The sensitivity results were adequate for 6 of the 7 papers.

SUMMARY

Although the scoring criteria were variable and the results at
PSG-AHI cutoff of 5 were not always reported, overall the data
indicate that this device is adequate for the proposed use. Two
of the 3 Level Ia studies reported adequate LR+ and one was
marginal. One Level Ila study reported adequate LR+, 1 was
marginal (depending on scoring and AHI cutoffs), and the other
inadequate. The Level IIb study reported adequate LR+.

6.6.2 Cardiac Signals Plus Oximetry

One device (a Northeast Monitoring Holter-oximeter) based
the REI on 1 ECG channel plus oximetry (C,0,,). The REI is
calculated by a pattern recognition algorithm based on a com-
bination of cyclic variations in heart rate associated with apnea,
ECG-derived respiration, and SpO,. In this Level Ia study by
Heneghan et al.,?® a lab/lab comparison was made using this
device vs. PSG. The data are summarized in Table 9. The LR+
was adequate (oo at REI/AHI > 5, 8.6 at REI/AHI > 10, 20.8
at REIAHI > 15) from the 63 patients studied. Sensitivity was
adequate for the REI/AHI > 5 criteria.

SUMMARY

Based on only one study of 63 patients, this device shows
promise, but more study is required as it has not been tested in
the home setting.

Journal of Clinical Sleep Medicine, Vol. 7, No. 5, 2011



NA Collop, SL Tracy, V Kapur et al

Table 9—Device using cardiac and oximetry signals

Evidence
SCOPER/Device/Author (year) Level Setting LR+ LR- Sensitivity
C,0, /Holter-oximeter/Heneghan et al. (2008) la LiL gt REI/AHI ;25 | 0.06 at REV/AHI 25 | 0.94 at REV/AHI ;25
Table 10—Device using ETCO,
Evidence
SCOPER/Device/Author (year) Level Setting LR+ LR- Sensitivity
$,C,0,,E,R,/Morpheus Hx software/Amir (2010) b LL 16.5at REI/AHI, =5 | 0.03 at REI/AHI, =5 0.97 at REVAHI, = 5
Table 11—Devices using acoustic signals
Evidence
SCOPER/Device/Author (year) Level Setting LR+ LR- Sensitivity
C,0,.E,R,/Novasom QSG/Reichert et al. | LL 10.6 at REI/AHI (=15 | 0.05atREI/AHI 215 | 0.95at REIAHI =15
a
(2003) {1 effort sensor] HL | 54atREVAHI, 215 | 0.41atREVAHI, =15 | 091atREIAHI, > 15
€,0,ERy/Novasom QSG/Claman et al Iva UL | 14atREVAHI 215 | 0.15atREVAHI 215 | 0.86atREIAHI, > 15
(2001) [1 effort sensor] " " "
C.0,ER/SNAPISu etal. (2004) la LL 16atREVAHI, =5 | 005atREVAHI 5 | 098 atREIAHI >5
[1 effort sensor] " " "
C,0,,R/SNAP/Michaelson et al. (2006) lla LiL 7AtatREVAHI (25 | 0.07tatREVAHI 25 | 0.94 atREIAHI =5
0,,P,R,/Remmers/Snoresat/Jobin et al. la HH 3.68-4.42" at 0.08-0.31* at 0.74-0.94* at
(2007) REV/AHI 25 REI/AHI 25 REI/AHI 25
8,C,0,P,R/ARES/Westbrook et al. (2005) | L/L 6.8 at REI/AHI . >10 | 0.03 at REI/AHI > 10 | 0.974 at REI/AH| ;> 10
a
HIL 2.3atREIAHI > 5 0.07 at REVAHI . >5 | 0.957 at REI/AHI . >5

tThese results are from the “PSG2” lab that scored using the recommended scoring rules. *Depends on the Suzanne recorder scoring rules.

6.6.3 ETCO, as an Alternate Measure of Airflow

Amir et al.? studied Morpheus Hx software with the use of
standard hospital signals including 1 ECG channel, pulse oxim-
etry, 2 piezoelectric chest and abdominal effort straps (S,C,0,
E,R,), and ETCO,,. In this Level IIb study, the LR+ was adequate
(16.5 at REI/AHI_ > 5 and 13.7 at REIVAHI_ > 15). Sensitivity
was adequate as well. Table 10 summarizes the data.

SUMMARY

Available data addresses only a hospital population and
not a home-based population. It appears to be adequate in
this situation.

6.6.4 Acoustic Signals as a Substitute for Airflow

There were a variety of devices that used acoustic signals
with or without other signals as a substitute for airflow to char-
acterize sleep disordered breathing. The data are summarized
in Table 11.

There were 2 studies, 1 Level Ia (Reichertetal.)**and 1 Lev-
el [Va (Claman et al., Level IV because blinding not stated),’!
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on the device Novasom QSG (C,0, ER, and C,0, ER,,
respectively; also known as Bedbugg or Silent Night). This
device reports REI using an algorithm based on sound mea-
surements obtained from 2 microphones at the upper lip that
record snoring intensity and ambient noise. The device also
has a finger oximeter and an effort measure (1 identified as
a pressure transducer; the other was not identified). For REI/
AHI > 10, Claman et al. reported an LR+ of 14 (adequate)
in a lab/lab study. Reichert et al. reported an LR+ of 10.6 in a
lab/lab comparison and 5.4 in a home/lab comparison at REI/
AHI > 15. Data were not reported for lower AHIs.

There were 2 studies on 2 versions of the SNAP (C,0, E R
and C,0, R,). These devices are based on measures of acoustic
oronasal airflow and analyzed using a proprietary algorithm to
define REI. Su et al. (Level Ia study)*? used a version of the
device that included 1 chest belt (type undefined), and reported
an inadequate LR+ of 1.6 at REI/AHI _ > 5. Michaelson et al.
(Level Ila study in a lab/lab comparison),’* who did not report
the use of any effort channel, reported an adequate LR+ (7.1)
at REI/AHI > 5.

540



Another device used sound plus oxygen desaturation as an
alternative method for determining REI. In a Level Ia study on
Remmers/Snoresat (O, P,R,), Jobin et al.** compared the de-
vice-determined REI results to 3 different REIs obtained from
the Suzanne recorder, C,0, P,E R, in a home/home study. Un-
fortunately, none of the compared definitions of REI were simi-
lar to that recommended in the scoring manual. Nonetheless,
the reported LR+ at REI/AHI . > 5 ranged from 3.68 to 4.42,
which are inadequate.

Finally, in a Level Ia study by Westbrook et al.3* on an earlier
version of the ARES device (S,C,0,P,R,) that utilized quan-
titative acoustic scoring measures plus behavioral/autonomic
arousal detection, the results were adequate for the lab/lab
comparison (although only results at AHI > 10 were reported),
but inadequate in the home setting, although it is acknowledged
that achieving adequate results in the home setting is more chal-
lenging. The sensitivity results were adequate in both settings.

SUMMARY

For this alternative measure, the data are insufficient to de-
termine whether the use of acoustic signals with other signals
as a substitute for airflow is adequate to determine REI. This is
because of the varied literature base where (1) only 1 study re-
ported adequate LR+ at REI/AHI > 5, but it was only a lab/lab
study (Michaelson et al.)*’; (2) the reported results were at AHI
cutoffs that were too high (Reichert et al., Claman et al.)’*3! and
only performed lab/lab (Claman et al., Westbrook et al.)3'35;
and (3) the reported LR+ were too low at REI/AHI > 5 (Su et
al., Jobin et al., Westbrook et al. H/L).323435

Sensitivity was adequate for all studies in this category.

7.0 CONCLUSIONS

Due to the variety of OOC devices now available, the pre-
viously accepted method of categorization of these devices is
unsuitable; therefore, a new classification system, SCOPER,
was proposed in this paper. SCOPER will allow the easy classi-
fication of OOC devices based on the types of sensors that they
use to aid in the diagnosis of OSA, including sleep, cardiac,
oximetry, position, effort, and respiratory measures.

The results of this technology evaluation are that the lit-
erature is currently inadequate to state with confidence that a
thermistor alone without any effort sensor is adequate to diag-
nose OSA. If a thermistor is used as the only measure of respira-
tion, 2 effort belts are required as part of the montage. It appears
that piezoelectric belts are acceptable in this context. The data
indicate that nasal pressure can be an adequate measurement of
respiration without an effort measure; however, at this time, this
may be device specific and further research is required before
recommending broad usage. Nasal pressure may also be used
when either 2 piezoelectric or RIP belts are used to measure ef-
fort (but not 1 piezoelectric belt). There is insufficient evidence
to state that both nasal pressure and thermistor are required to
adequately diagnose OSA. With respect to alternative devices
for diagnosing OSA, the data indicate that peripheral arterial
tonometry (PAT) devices are adequate for the proposed use;
the device based on cardiac signals shows promise, but more
study is required as it has not been tested in the home setting;
for the device based on end-tidal CO, (ETCO,), it appears to
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be adequate for a hospital population; and for devices utilizing
acoustic signals, the data are insufficient to determine whether
the use of acoustic signals with other signals as a substitute for
airflow is adequate to diagnose OSA.

8.0 FUTURE DIRECTIONS

This paper is meant to be the first step in a comprehensive
process to evaluate and subsequently make recommendations
on how to use OOC testing devices in an outpatient population.
It is anticipated that the next paper will address the important
issues of determining pretest probability, interpreting study re-
sults, developing testing algorithms and treatment decisions.

In 2003, Flemons et al.*® published an evidence review on the
home diagnosis of sleep apnea. In that paper, the authors nicely
outlined the types of parameters that should be followed to prop-
erly assess OOC testing devices. Unfortunately, in the 8 years
since that publication, many studies lack the important informa-
tion required to make useful comparisons. A more recent paper
provides very specific details about performing research with
these devices and should be referred to for more detail on this sub-
ject.’” For the evaluation of OOC testing devices, future studies
would greatly benefit by the use of consistent outcomes measures
to facilitate direct comparisons and meta-analyses of studies. As
described herein, at a minimum, LR+ at an REI/AHI_ cutoff of 5
along with sensitivity are the desired outcome measures.

Comparison to the gold standard in-lab PSG with respect to
sensor selection, montage selection, and scoring methods would
unify the data with respect to the device that is being compared.
The recommended montage is listed in the scoring manual, and
the companion paper defines the recommended method of scor-
ing. Currently, the definition of AHI is based on the signal from
an oximeter, hence the requirement for the presence of that sen-
sor. Emerging technologies allowing respiratory events to be
defined in novel ways will be welcomed innovations.

Systematically testing various sensors and combinations of
sensors with OOC devices would help to answer the question
of the minimum number and type of sensors that are required to
acceptably diagnose patients with OSA in an unattended home
setting. This was particularly noted in examining the effort sig-
nals in which there was often minimal or no data on the type of
signal employed or whether 1 or 2 belts were utilized. In addi-
tion, the effect of measuring actual sleep time with various sen-
sors including EEG, actigraphy, and other technologies versus
recording time is an area to revisit in the future. This will allow
for further refinement in the definition of REI as well.

In addition, following modern experimental designs to mini-
mize bias (such as blinded scoring; prospective, randomized,
controlled designs; assessing validated standard measures such
as PSG on all patients; ensuring low data loss and high per-
centage of patients who complete studies; and fully describing
the PSG and device sensors, montages, and scoring criteria)
would enhance the level of confidence in the results. Funding
from sources not invested in the results or an explanation of the
role that the funding source played in directing the study and/
or interpreting the results, would help address any conflicts of
interest concerns. In addition, the use of experimental designs
that simulate clinical use would be ideal, including the degree
and detail of instruction given to patients. Obviously the sample
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size is important, and a description of the sample with infor-
mation about eligibility, dropouts, missing data, and refusal to
participate should be included.

Other important issues relate to the study population; most
studies have concentrated on white males without comorbidi-
ties, although some studies are beginning to branch out to more
diverse populations, which include more females, other ethnic
groups, and patients with comorbid diseases such as heart fail-
ure. In fact, 4 devices reported in 5 studies were tested only on
patients with heart failure.’¥+? A related issue is the use of OOC
devices to differentiate obstructive from central sleep apnea.
This becomes more important when broader population groups
are studied. Future iterations of the paper will address this in
more detail as more information is available.

Another problematic issue in assessment of these studies
includes the scoring of the OOC device. Many devices have
proprietary algorithms which cannot necessarily be checked by
the interpreting physician for accuracy. Again, clear discussion
of the algorithm is mandatory, and the ability to review raw data
is also required.

FOOTNOTE

These events must fulfill criterion 1 or 2, plus criterion 3 of

the following:

1. A clear decrease (> 50%) from baseline in the amplitude
of a valid measure of breathing during sleep. Baseline is
defined as the mean amplitude of stable breathing and
oxygenation in the 2 minutes preceding onset of the event
(in individuals who have a stable breathing pattern during
sleep) or the mean amplitude of the 3 largest breaths in
the 2 minutes preceding onset of the event (in individuals
without a stable breathing pattern).

2. A clear amplitude reduction of a validated measure of
breathing during sleep that does not reach the above cri-
terion but is associated with either an oxygen desaturation
of > 3% or an arousal.

3. The event lasts 10 seconds or longer.
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APPENDIX I: METHODS

Search Strategy

The search was performed in 2 parts. The first was a gen-
eral search using PubMed of MEDLINE for relevant, original,
peer-reviewed literature in English in the last decade (back to
January 2000) and is shown in Table A1. The second consisted
of device-specific searches in PubMed since its inception using
the device names as search terms.

Device names were obtained in 4 ways: (1) by pearling the
first literature search results for device names; (2) from FDA
510(k) device listings in the FDA database; (3) by literature
obtained by company representatives at the SLEEP conference
in 2010; and (4) from the September 2009 Sleep Review Maga-
zine Home Sleep Testing Comparison Guide.

Inclusion and Exclusion Criteria

Only peer-reviewed English literature was included in the
analyses, therefore data available from manufacturers on their
websites, in product brochures, or published in non-peer-re-
viewed magazines were excluded. Only devices measuring 2 or
more bioparameters were included.

Grading

The grading scheme was a modified form of that used in the
2003 “Home Diagnosis of Sleep Apnea: A Systematic Review
of the Literature.”*® The results of the evidence grading process
are shown in Table A2.

Evidence level (I, Il, Ill, and IV) (Table A3)

The presence or absence of three key indicators of quality
dictated the assignment of evidence level based on an approach
published by Sackett et al.** The definitions of these evidence
levels are listed below as follows:

L. blinded comparison, consecutive patients, reference
standard performed on all patients;

II. blinded comparison, nonconsecutive patients, reference

standard performed on all patients;

III. blinded comparison, consecutive patients, reference

standard not performed on all patients;

IV. reference standard was not applied blindly or independently.

The definitions of the three indicators used to assign level of
evidence were as follows:

Blinded comparison: the portable monitor and polysom-
nogram were scored separately and without knowledge of the
results of the other investigation; or the portable monitor study
was scored automatically, and it was performed after the PSG
was scored. If the investigators failed to mention whether or
not the scorers were blinded, this criterion was deemed not to
have been met.

Consecutive or random patients: the investigators did not
participate in deciding what patients were included in the study.
This criterion was met if patients were referred to a sleep clinic
rather than a sleep laboratory (unless the investigators explic-
itly stated that they did not participate in selecting the patients
referred to the laboratory). Either consecutively or randomly
chosen patients were enrolled.

Reference standard was performed on all patients: all
patients entered into the study must have undergone both a
portable monitor test and a polysomnogram (either in-lab or
comparison device (e.g. comprehensive portable PSG, depend-
ing on the aims of the study)). If the results of one test influ-
enced the decision to perform the other, then this criterion was
deemed not to have been met.

Quality rating (a, b, c, d) (Table A4)

Seven other aspects of a study’s methodology were
scored, and a quality rating was assigned based on the num-
ber of indicators for which the study met the criteria. Al-

Table A1—Search Strategy and Search Terms

Column 1 Column 2 Column 3 Column 4 Column 5
Portable Monitor* Polysomnography[Mesh] | Sleep apnea syndromes [mesh] Sleep Apnea Syndromes[Mesh]
Home Care service* PSG Monitoring, ambulatory [majr] Sleep Apnea
Limited Sleep test* Respiratory polygraphy apnea
Ambulatory Sleep study
Unattended Sleep studies
Nonlaboratory Screening tool
In-home Recording*

device

diagnosis

diagnostic

((Column 1 AND Column 2) AND (Column 3 OR Column 4)) AND (Column 5)
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Table A3
Evidence Blinded Consecutive PSG on
Level scoring patients all pts
I Y Y Y
I Y N Y
M Y Y N
I\ PSG not applied blindly or independently

though the random assignment of testing was an important

indicator, it was not applicable to studies that had studied

a portable monitor simultaneously with polysomnography.

Thus, in some circumstances studies were rated on 6 indica-

tors rather than 7. The quality indicator (a to d) was based on

the number of indicators for which that study did not meet the
criteria, as follows:
a. zero or one quality indicators not met;
b. two quality indicators not met;
c. three quality indicators not met;
d. four or more quality indicators not met.
The seven indicators and their definitions are listed below
as follows:
1. Prospective recruitment of patients: the portable moni-
toring test and the polysomnogram were performed
as patients were recruited into the study rather than
reviewing a series of patients who had previously been
studied.

. Random order of testing: patients were assigned to un-
dergo portable monitoring testing or polysomnography
first at random rather than at the discretion of the inves-
tigators. If the portable monitoring study was performed
simultaneously with the polysomnogram, this indicator
was not rated.

. Low data loss (< 10%): there were < 10% of patients
whose results could not be compared because of the
loss of polysomnography or portable monitoring data.
This indicator allows for the repetition of studies to
obtain acceptable results.

. High percentage completed (> 90%): of the patients
who were initially enrolled into the study (not count-
ing a priori exclusions), > 90% completed the study
protocol.

. Polysomnography methodology/definitions fully
described: the polysomnography methods must include
the following:

a. characterization of the equipment used;
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Table A4
Quality rating
a 0 or one quality indicators not met
b Two quality indicators not met
o Three indicators not met
d Four or more quality indicators not met

b. definitions and criteria of all types of breathing
events scored and used in comparisons.

6. Portable monitor methodology/definitions fully de-
scribed: the polysomnography methods must include
the following:

a. characterization of the equipment used;
b. definitions and criteria of all types of breathing
events scored and used in comparisons

. Portable monitor scoring fully described: includes a
clear statement of whether manual or automated scoring
was used, and, if automated, whether there was manual
review/revision done.

Data Extraction
The strategy was taken to extract an amount of data that was

succinct, complete, yet not overwhelming. The following data
were extracted from the studies:

1. Device name/manufacturer
. Author/year/reference number
. Funding source/conflicts of interest
. Test location (home vs. lab, lab vs. lab)
. Attended/unattended
. Hookup (technician or patient) and education offered
. Timing of tests: simultaneous or interval between
. Sample site
. Inclusion/exclusion criteria
. # Eligible/# Enrolled/# Completed (analyzed)
. Demographics (% male, % non-white, mean age, mean

BMI)

. Comorbidities
13. Pretest probability or posttest prevalence
14. PSG flow and effort sensors
15. Scoring details
16. Results: ROC and AUC
17. Results: Sensitivity/specificity at AHI = 5
18. Results: Best Sensitivity (specificity) at what AHI
19. Results: Best (sensitivity) specificity at what AHI
20. Results: Other

—_— O O 0 3N L AW

—_——
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APPENDIX Il: EXCLUDED LITERATURE (TABLE AS5)

Table A5—Excluded Literature

Author SCOPER and Device Reason

Abraham (2006)% C,0,,E,/ClearPath System (Nexan) Wrong population (Patients with heart failure); screening for
sleep apnea not OSA per se

Abraham (2008) C,0,,E,/ClearPath System (Nexan) Wrong population (Patients with heart failure); treatment of
sleep apnea not OSA per se

Bagnato (2000)* C,0, R,/Autoset Therapeutic device used in diagnostic mode

BaHamman (2005)* S,C,0,P,ER, (Alice 4) Wrong outcomes measure (failure rate)

Berry (2008)* S,C,0,,/WatchPAT Compared 2 clinical pathways, WatchPAT/APAP vs. PSG/
CPAP; no data for LR+

Bridevaux (2007)# C,0,P,ER, (Embletta) Wrong outcomes measure (ICC)

Chua (2007)* S,C,0,,P,/Holter-oximeter (Northeast Monitoring) | Validation of sleep state measurement and derivation in
patients with OSA

Chung (2010)% S,C,0,,P,E,R,/Embletta X100 Manual vs. automated scoring

Freimark (2002)% S,C,0, /WatchPAT Wrong population (Patients with heart failure)

Galer (2007)% 0,,R/SNAP Comparison of snoring signal to RDI; no comparison to PSG

Gantner (2010)*" 0,,and Ryvs. S,C,0, ER,/ApneaLink vs. Somté Only 1 channel of ApneaL.ink evaluated separately, nasal
pressureor O,

Hedner (2004) S,C,0,,/WatchPAT Validation of sleep-wake algorithm only

Herscovici (2007)% S,C,0,,/WatchPAT Validation of REM sleep algorithm only

Jurado-Gamez (2007)

C,0,,P,E,R,/Compumedics P-Series Screener

Only ICC and AUC reported

Levendowski (2009)%

S,C,0,P,E.R,/ARES Unicorder

Wrong outcomes measure (reliability)

Masdeu (2010)%

S,C,O,P,E.R,/ARES

Second analysis of Ayappa'* data

Means (2004)

SCOPER not adequately described

SCOPER not adequately described

Mueller (2006)

C,Ry/CardioMem

No oximeter

Mulgrew (2007)%

C,0,E,R /Remmers

X% X

Remmers used for pretest probability not diagnosis

Nakayama-Ashida (2008)

S,C,0,,P,E,R,/Somté plus actigraphy

Wrong outcomes measure (ICC and night-to-night variability)

Penzel (2004)" S,C,0,,/WatchPAT Results cannot be converted to LR+

Pépin (2009)52 C,R,/SpiderView No oximeter

Pillar (2003)¢3 S,C,0,,/WatchPAT Validation of arousal algorithm only

Popovic (2009)% S,C,0,P,E.R,/ARES Unicorder Wrong outcomes measure (effort sensor validation)
Prasad (2010)% REMstar Pro M (CPAP device) Only 1 channel (flow) and therapeutic device used in

diagnostic mode

Quintana-Gallego (2004)%

S,C,0,,P,ER, (Apnoescreen Il)

Patients with heart failure

Skomro (2010)¢7

C,0,P,ER, (Embletta)

ESS, PSQI, SF-36, BP, CPAP adherence

Smith (2007)e®

0,P,E,R/Embletta

Patients with heart failure

Torre-Bouscoulet (2008)8°

0,.E R /Remmers/Snoresat

x—x X

No outcome of interest

Whitelaw (2005)70

0,/Remmers/Snoresat

Only 1 channel

Yin (2005)7"

C,0,P,E,R,/Stardust I

Automated vs manual scoring

547
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APPENDIX I1l: ADDITIONAL OUTCOMES

INFORMATION ON DEVICES FROM EXCLUDED
LITERATURE

Thermal Sensing Device

In a Level 1Va study, BaHamman* [S,C,0, P,E R, (Alice
4)] reported on the failure rate of signals and sensors when us-
ing the same equipment attended in-lab versus unattended in a
hospital. Hook-up was by a trained technologist and there was
a pre-investigation into causes of failures of signals and modifi-
cations thereof. 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.

Quintana-Gallego et al.®® [S,C,0, P,E R, (Apnoescreen II,
effort not defined, but assumed to be the same as that reported
for Apnoescreen II from Garcia-Diaz et al.’)] reported on a
cohort of patients with stable congestive heart failure (CHF).
Since this is a specific population with comorbidity, these data
were not included in this evaluation. The paper was Level Ib,
was conducted in the home and lab setting, and good LR+ re-
sults were obtained (7.2 at AHI > 5 and 39.5 at AHI > 10) on 90
enrolled patients (75 completed).

Nasal Pressure Devices

Bridevaux et al.* reported in a Level IVb study on the inte-
robserver agreement for a home study of a C,O, P,E R, (Em-
bletta) device (that used 2 piezoelectric effort belts). The ICC
for AHI was reported to be 0.73.

Skomro et al.® reported in a Level Ib study on the use of
a C,0, P,E R, (Embletta) device using home vs. lab manage-
ment schemes. They reported that there were no significant dif-
ferences in ESS, PSQI, SF-36, BP, or CPAP adherence when
the subjects were diagnosed and prescribed CPAP treatment
with the OOL device vs in-lab PSG.

One study each reported on reliability [Levendowski et al.”’
Level IVb home/lab reliability] and effort sensor validation
[Popovic et al.®® Level Ila Lab/Lab data on effort sensors] of
the ARES Unicorder (S,C,0,P,E,R,). Levendowski et al. re-
ported that night-to-night variability in the home was actually
50% less than that in the lab. Popovic et al. reported in a small
study (n = 14 completed) on the intrarater and interrater re-
liability of forehead venous pressure as a measure of effort as
an alternative to esophageal manometry, chest, or abdominal
piezoelectric belts for the measurement of respiratory effort.
With respect to interrater x scores, the chest belt was supe-
rior to the other measures. For intrarater agreement versus the
gold standard of esophageal manometry, the other 3 measures

Journal of Clinical Sleep Medicine, Vol. 7, No. 5, 2011

showed near perfect agreement. FVP was superior to either ef-
fort belt in the detection of obstructive apneas and hypopneas,
similar in the detection of persistent flow limitation and physi-
ological changes in ventilation, and inferior in the detection of
central events.

Nakayama-Ashida et al.®? reported on the reliability of the
Somté plus actigraphy (S,C,0, P,ER,) in a Level IlIb home
study. The ICC was 0.98 for interscorer reliability and 0.95 for
night-to-night variability.

Chung et al.’! reported in a Level Ia lab/lab study on the va-
lidity of the Embletta X100 S,C,0, P,E R, versus in-lab atten-
ded PSG that manual scoring was superior to automated scoring
for reliability. In a second part of the study (Level Illa), in a
perioperative home or hospital unattended setting, 88.7% of the
recordings were technically good, 9% technically acceptable,
and 2.3% were failures.

Yin etal.”? used C,0, P,E,R, Stardust Il in a Level I1la home
study of automated vs. manual scoring. At AHI < 30, the maxi-
mum LR+ was 2.6; for AHI > 40 the LR+ was 5.5, and for AHI
> 50, the LR+ was 13.3. The authors concluded that analyses
should be done manually.

Smith et al.” studied a population of patients with chronic
heart failure with O, P,E R, (Embletta) in a Level Ib study with
both H/L and L/L comparisons on 20 patients. Two piezoelec-
tric belts were used. LR+ was calculated as 2 (not clinically
useful). Scoring depended on either a reduction in airflow or
thoracic-abdominal movements. Since piezoelectric belts were
used, this could explain the poor agreement with lab PSG. Al-
ternative conclusions are that this population should not be
studied out-of-lab or that nasal pressure without a thermal sen-
sor is not recommended in this situation.

Thermal Sensing Device Plus Nasal Pressure Devices

Jurado-Gamez et al.*® reported in a Level Ib home/lab study
on the performance of the Compumedics P-Series Screener
(C,O0,P,ER)). Fifty-two patients completed the study. No
ROC curves were presented, but the AUCs were reported as
0.804 at AHI > 10 and 1.00 at AHI > 30. The diagnoses coin-
cided in 88.4% of cases with an ICC of 0.963. Using a visual
analog scale, patients preferred home testing over lab PSG test-
ing, with a median score of 7 for lab PSG and 9 for home testing
(p <0.0001).

PAT Devices (S,C,0, /WatchPAT)

A Level IVa by Berry et al.* compared 2 clinical pathways,
WatchPAT/APAP vs. PSG/CPAP. They reported no statistically
significant differences in diagnostic testing satisfaction, titration
satisfaction, CPAP adherence, number of patients stopping be-
fore 6 weeks, average nightly use, or outcomes [including ESS,
FOSQ, CPAP satisfaction, or machine estimate of residual AHI]
between home/APAP and 1ab/CPAP management of patients.



