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— ABSTRACT

Background: Greater awareness of sleep-
disordered breathing and rising obesity rates
have fueled demand for sleep studies. Sleep
testing using level 3 portable devices may
expedite diagnosis and reduce the costs asso-
ciated with level 1 in-laboratory polysomnog-
raphy. We sought to assess the diagnostic
accuracy of level 3 testing compared with
level 1 testing and to identify the appropriate
patient population for each test.

Methods: We conducted a systematic review
and meta-analysis of comparative studies of
level 3 versus level 1 sleep tests in adults with
suspected sleep-disordered breathing. We
searched 3 research databases and grey litera-
ture sources for studies that reported on diag-
nostic accuracy parameters or disease manage-
ment after diagnosis. Two reviewers screened
the search results, selected potentially relevant
studies and extracted data. We used a bivari-
ate mixed-effects binary regression model to
estimate summary diagnostic accuracy para-
meters.

Results: We included 59 studies involving a total
of 5026 evaluable patients (mostly patients sus-
pected of having obstructive sleep apnea). Of
these, 19 studies were included in the meta-
analysis. The estimated area under the receiver
operating characteristics curve was high, rang-
ing between 0.85 and 0.99 across different lev-
els of disease severity. Summary sensitivity
ranged between 0.79 and 0.97, and summary
specificity ranged between 0.60 and 0.93 across
different apnea—hypopnea cut-offs. We saw no
significant difference in the clinical manage-
ment parameters between patients who under-
went either test to receive their diagnosis.

Interpretation: Level 3 portable devices
showed good diagnostic performance com-
pared with level 1 sleep tests in adult patients
with a high pretest probability of moderate to
severe obstructive sleep apnea and no unsta-
ble comorbidities. For patients suspected of
having other types of sleep-disordered breath-
ing or sleep disorders not related to breathing,
level 1 testing remains the reference standard.

ndiagnosed sleep-disordered breathing
l I places a substantial burden on patients,
families, health care systems and soci-
ety.' Sleep fragmentation and recurrent hypox-
emia cause daytime sleepiness and impaired
concentration, which increase the risk of motor
vehicle collisions and occupational accidents.>”
In addition, sleep-disordered breathing is asso-
ciated with hypertension, stroke, cardiovascular
disease, obesity and type 2 diabetes,*'* all
of which involve greater use of health care
resources."*"

Obstructive sleep apnea is the most common
type of sleep-disordered breathing. Narrowing of
the upper airway during inspiration results in
episodes of apnea (breathing cessation for at
least 10 seconds), hypopnea (reduced airflow),
oxygen desaturation and arousal from sleep due
to respiratory effort.” Clinical signs and symp-
toms include snoring, reports of nocturnal apnea,
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gasping or choking witnessed by a partner, day-
time sleepiness, morning headaches and inability
to concentrate. Patients with obesity or cardio-
vascular disease are at increased risk."”

The severity of obstructive sleep apnea is usu-
ally graded using the apnea—hypopnea index (the
mean number of apneas and hypopneas per hour
of sleep) as follows: mild (5-14), moderate (15—
29) and severe (= 30)."%

Other, less common types of sleep-disordered
breathing include upper airway resistance syn-
drome, obesity hyperventilation syndrome, cen-
tral sleep apnea, and nocturnal hypoventilation/
hypoxemia secondary to cardiopulmonary or
neuromuscular disease. It is not uncommon for
patients to have more than 1 type of sleep-
disordered breathing.

Estimates of the prevalence of sleep-disordered
breathing vary depending on the population (e.g.,
by sex, age and comorbidities).” According to the
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Wisconsin Sleep Cohort Study, values in Ameri-
can adults (aged 30-60 yr) are 24% for men and
9% for women.' A Canadian survey found a self-
reported prevalence of sleep apnea of 3% among
adults more than 18 years of age, and 5% among
those more than 45 years of age.”” As the population
ages and rates of obesity increase, the prevalence of
sleep-disordered breathing is climbing."”** Given
its clinical implications, accurate diagnosis and
treatment of the condition are critical.

Level 1 sleep testing, or polysomnography,
requires an overnight stay in a sleep laboratory
with a technician in attendance. It captures a
minimum of 7 channels of data (but typically
> 16), including respiratory, cardiovascular and
neurologic parameters, to produce a comprehen-
sive picture of sleep architecture. Level 1 is con-
sidered the reference standard for diagnosing all
types of sleep-disordered breathing and sleep
disorders."”** However, limited facilities and
the growing demand for sleep studies have
resulted in long wait times.” Level 2 sleep test-
ing uses level 1 equipment, but is performed
without a technician in attendance.

Level 3 testing uses portable monitors that
allow sleep studies to be done at the patient’s
home or elsewhere. This option was introduced
as a more accessible and less expensive alterna-
tive to in-laboratory polysomnography. Level 3
devices record at least 3 channels of data (e.g.,
oximetry, airflow, respiratory effort). Unlike level
1, level 3 testing cannot measure the duration of
sleep, the number of arousals or sleep stages, nor
can it detect nonrespiratory sleep disorders.”””
Level 4 devices are also portable, but they capture
less data — usually only 1 or 2 channels.”*

We conducted a systematic review and meta-
analysis to compare the diagnostic accuracy of
the widely used level 3 portable monitors to in-
laboratory polysomnography, and to determine the
subpopulations of patients whose conditions might
be most appropriately diagnosed with each test.

Methods

Literature search

We performed a comprehensive literature search
of PubMed (MEDLINE and non-MEDLINE
sources), the Cochrane Library and Embase for
studies that compared level 3 to level 1 tests for
the diagnosis of sleep-disordered breathing in
adults (Appendix 1, available at www.cmaj.ca
Nookup/suppl/doi:10.1503/cmaj.130952/-/DC1).
We limited our search to English-language stud-
ies from 2007 to March 2012, with monthly
updates from PubMed until March 2013. We
also included studies from a previous systematic
review prepared by our research unit, which cov-
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ered the literature from 2004 to 2009. Conse-
quently, this review covers the literature from
2004 to March 2013. We determined our date
limit based on several previous Canadian and
American assessments that examined the earlier
literature.”

Study selection

Two reviewers independently screened titles and
abstracts to identify possible studies for inclu-
sion. All studies comparing level 3 with level 1
sleep tests involving adults were included if they
reported on either diagnostic accuracy parame-
ters or management after testing (Appendix 2,
available at www.cmaj.ca/lookup/suppl/doi:10
.1503/cma;j.130952/-/DC1). We followed PICOS
(Patients, Intervention, Comparator, Outcomes
and Study design) criteria to include or exclude
studies. We assessed reviewer agreement using
the « statistic.

Data extraction
Two reviewers independently extracted data
from included studies using a standard form. Our
diagnostic accuracy parameters were sensitivity,
specificity, area under the receiver operating
characteristic (ROC) curve, and positive and
negative likelihood ratios. We extracted safety
data and technical failures from all of the studies
that reported these parameters. Our clinical man-
agement parameters were acceptance of continu-
ous positive airway pressure treatment, treatment
adherence, mechanical estimates of residual
apnea—hypopnea index, mean machine pressure
difference between patients whose diagnoses
were made with the 2 different tests, quality of
life and functional status as measured by clinical
sleepiness questionnaires (usually the Epworth
Sleepiness Scale).

Disagreements were discussed and resolved
between the reviewers. No third-party adjudica-
tion was needed.

Quality assessment

We used the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool, which
assesses bias (internal validity) and applicability
(external validity) in multiple domains: flow and
timing, reference-standard test, index test and
patient selection.*"*

Statistical analysis

We pooled patient characteristics (age, body
mass index [BMI] and score on the Epworth
Sleepiness Scale) to obtain weighted averages.
We extracted and grouped comorbidities. We
presented technical failures and safety data as
frequencies and proportions.
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Because studies reported level 3 test perfor-
mance at different apnea—hypopnea index severity
levels, we examined diagnostic accuracy param-
eters in all studies to determine the overall ranges.
We examined patterns at different severity levels
in studies that reported multiple index cut-offs.

We performed a meta-analysis using a bivariate
mixed-effects binary regression model. The model
estimates the amount of between-study variation in
sensitivity and specificity, as well as the degree of
correlation between sensitivity and specificity
through random effects, and uses the logit sensitiv-
ity and specificity to draw the summary ROC
curves. This model requires the primary param-
eters of true-positive, false-positive, true-negative
and false-negative. We included studies if they
reported the parameters required for the model. If
such parameters were not reported, we calculated
them from the data provided, where possible. We

estimated summary diagnostic accuracy param-
eters.”* We assessed overall heterogeneity using
the Q statistic. When heterogeneity was signifi-
cant, we quantified it using the P statistic. We esti-
mated the summary ROC curves at different
apnea—hypopnea severity levels. We performed all
analyses using Stata SE version 12.

We conducted a subgroup sensitivity analysis
to identify changes in diagnostic accuracy when
studies that included only patients with comor-
bidities were removed from the analysis.

Results

We included 59 comparative studies (15 ab-
stracts, 44 full-text articles) involving 5044
patients (5026 of whom were evaluable) in our
analysis (Figure 1). The x statistic showed
reviewer agreement (0.86).

Records identified through database
searches and other sources
n=7438

previous systematic reviews

Records identified from

n=16 677

4

Total records from searches
n=24115

Records after duplicates
removed
n= 15552

Records screened

n= 15552
A -
Full-text articles assessed
for eligibility

n =333
( .
Studies included in °
qualitative synthesis .
n =59 .

A

Studies included in the
quantitative synthesis
(meta-analysis)
n=19

Excluded n=15219

Excluded n =274

Excluded n=40

Articles not obviously relevant
to the study

Background papers, reviews and expert opinions n = 141
No applicable level 3 portable monitor n =52

No applicable level 1 comparator n =35

No applicable diagnostic outcomes data n =41

Abstract for which full article was already included n=5

Did not report the parameters necessary for the
meta-analysis

Figure 1: Selection of studies for inclusion in the review and meta-analysis.
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We classified the included studies as “com-
bination” studies (10 studies involving 572
evaluable patients, in which the patients under-
went simultaneous in-laboratory level 3 and
level 1 tests, followed by an at-home level 3
test), “simultaneous” studies (20 studies
involving 1152 evaluable patients, in which the
patients underwent simultaneous in-laboratory
level 3 and level 1 tests) and “separate” studies
(29 studies involving 3302 evaluable patients,
in which an at-home level 3 test and an in-
laboratory level 1 test were conducted, either
with the same patients or on 2 different arms)
(Table 1).%-1

Patient characteristics

The included studies recruited patients with sus-
pected obstructive sleep apnea (Appendix 3,
available at www.cmaj.ca/lookup/suppl/doi:10
.1503/cmaj.130952/-/DC1). Patients were re-
ferred for sleep testing after a pretest assessment
that included sleep questionnaires, history and
clinical examination.

When we pooled participant characteristics
from all studies, patients had a mean age of
50.8 years, a mean score of 11.6 on the
Epworth Sleepiness Scale and a mean BMI of
30.4. The ratio of male to female patients was
2.9 to 1. A total of 1382 comorbidities were
reported, with cardiovascular conditions the
most common (1080 patients, 78.1% of total
comorbidities). Hypertension was the most fre-
quently reported cardiovascular condition (574
patients), followed by stable chronic heart dis-
ease (142 patients) and coronary artery disease
(113 patients). Respiratory comorbidities were
limited to a single patient with asthma and 9
patients with chronic obstructive pulmonary
disease (0.7% of total comorbidities).

Study characteristics

The 4 channels measured in all of the studies
were nasal airflow, thoracoabdominal movement,
oxygen saturation and body position.

Two studies reported adverse events with in-
laboratory level 3 tests (1 hypertensive crisis, 1
pacemaker interference).** One study reported
sensor irritation in 27 patients.*

Technical failures affected 0.44% of patients
who underwent level 1 tests, 1.30% of patients
who underwent in-laboratory level 3 tests and
10.25% of patients who underwent level 3 tests
at home (Appendix 4, available at www.cmaj.ca
Nlookup/suppl/doi:10.1503/cmaj.130952/-/DC1).

Diagnostic accuracy of sleep tests
Among all included studies, the area under the
ROC curves for at-home (6 studies) and in-
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laboratory (7 studies) testing showed values of
0.90 or greater at all apnea—hypopnea index cut-
offs, with the exception of 2 studies that reported
values of 0.79 and 0.86 at an apnea—hypopnea
index of moderate or severe (= 15 events/h) at
home, and 2 studies that reported values ranging
from 0.87 to 0.89 at moderate or severe cut-offs
(= 15, 2 20 and = 30 events/h) in laboratory
(Appendix 5, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.130952/-/DC1).

In studies reporting multiple cut-offs, with
increasing disease severity, 7 of 10 at-home
studies showed a decline in sensitivity and an
increase in specificity, and 2 of the studies
showed an increase in area under the ROC
curve,0-48:52.55.81.8889.98,104 Ty gddition, 7 of 14 in-
laboratory studies showed a decline in sensitiv-
ity and an increase in specificity, and 2 studies
showed an increase in area under the ROC
Curve.47,48,51.52,58.61413.654)7.69771

We found no significant difference in baseline
characteristics between the 2 groups of patients
in all 8 studies that reported disease management
after the diagnosis by either test. None of the
studies found significant differences in disease
management parmeters'77—79.92.93,99,]02,103

In most of the studies, patients underwent
both level 1 and level 3 tests to avoid the risk of
internal bias due to differences between study
groups. In all of the simultaneous studies, level 3
tests were scored manually by the same techni-
cian who scored the level 1 test, which may have
resulted in observer bias. In contrast, most of the
studies reported blinding the interpreters of
level 3 tests to the level 1 test results, mitigating
the risk of observer bias.

Most of the studies adequately described the
tests, number of patients, recruitment methods
and dropouts. Fifteen studies (only available as
abstracts) had incomplete reporting of 1 or more
elements (Table 2).

Most studies recruited patients suspected of
having simple obstructive sleep apnea without
comorbidities or with stable cardiovascular
comorbidities. None of the studies included
patients with other forms of sleep-disordered
breathing (Table 2).

Results of the meta-analysis

We identified 19 studies reporting the parameters
needed for our meta-analysis (Table 3). Among
these studies, we found moderate to high hetero-
geneity at a mild apnea—hypopnea index cut-off
in laboratory (= 5 events/h) and at home
(= 10 events/h), and at a moderate cut-off for
both settings (= 15 events/h) (I* 53%—85%).'"”
Overall, diagnostic accuracy improved as disease
severity increased (Figures 2 and 3).
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Table 2 (part 1 of 2): Quality appraisal of the included studies using the QUADAS-2 tool
Bias (internal validity) Applicability concerns (external validity)

Selection of Reference Flow and Selection of Reference
Study patients Index test standard timing patients Index test standard
Abraham et al.* Low risk Unclear Unclear Low risk Low risk Unclear Low risk
Alonso Alvarez Low risk Low risk Low risk Low risk Low risk Low risk Low risk
et al.’”®
Amir et al.>® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Andreu et al.”’ Low risk Low risk Low risk Low risk Low risk Unclear Low risk
Askenov et al.”® Low risk Unclear Low risk Unclear Low risk Low risk Low risk
Ayappa et al.¥ Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Bajwa et al.>’ High risk High risk Unclear Low risk Unclear High risk Low risk
Berry et al.”® Low risk Low risk Low risk High risk Low risk Low risk Low risk
Bridevaux et al.®° High risk Low risk Low risk Unclear Unclear Low risk Low risk
Campbell et al.?! Low risk Unclear Low risk Low risk Low risk Low risk Low risk
Candela et al.>® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Cheliout et al.>® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Chung et al .2 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Churchward Unclear High risk Unclear Unclear Unclear Unclear Low risk
et al.®
Cilli et al.? High risk High risk Unclear Unclear Unclear Unclear Low risk
Danzi-Soares Low risk Low risk Low risk Low risk Low risk Low risk Low risk
et al.®
Divo et al.®° High risk Low risk Low risk Low risk Unclear Low risk Low risk
Driver et al.®’ Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Ferre et al.® High risk High risk Unclear Low risk Unclear High risk Low risk
Finkel et al.® Low risk Unclear Unclear High risk Low risk Low risk Low risk
Fordyce et al.¥’ Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Furokawa et al.®® High risk Low risk Low risk Low risk Low risk Low risk Low risk
Garcia-Diaz Low risk Low risk Low risk Low risk Low risk Low risk Low risk
et al.®
Gjevre et al.® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Goodrich et al.®® Low risk Low risk Low risk Low risk Unclear Low risk Low risk
Grant et al.® High risk Unclear Low risk Unclear Unclear Low risk Low risk
Grover et al.*® High risk Low risk Low risk Low risk Unclear Low risk Unclear
Hernandez et al.’  Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Kuna et al.*® High risk Low risk Unclear Low risk Unclear Low risk Unclear
Kuna et al.*? High risk Low risk Unclear Unclear Unclear Low risk Unclear

Continued.
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Table 2 (part 2 of 2): Quality appraisal of the included studies using the QUADAS-2 tool

Bias (internal validity) Applicability concerns (external validity)

Selection of Reference Flow and Selection of Reference

Study patients Index test standard timing patients Index test standard
Kushida et al.>® High risk Low risk Low risk Unclear Unclear Low risk Unclear
Lettieri et al.*® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Levendowski Low risk Low risk Unclear Unclear Low risk Low risk Unclear
et al.%
Masa JF et al.® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Masdue et al.®® Low risk Low risk Low risk Unclear Low risk Low risk Unclear
Nakayama et al.””  High risk Low risk Unclear Low risk Unclear Low risk Unclear
Ng et al.% High risk Low risk Low risk Low risk Low risk Low risk Low risk
Ng et al.¢ Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Nigro et al.®’ Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Onder et al.®® Low risk Low risk Low risk Low risk Low risk Low risk Unclear
Orr et al.®® High risk Unclear Unclear Unclear High risk Unclear Unclear
Polese et al.>! Low risk Low risk Low risk Unclear Low risk Low risk Low risk
Quintana-Gallego  Low risk Low risk Low risk Low risk Low risk Low risk Low risk
et al.®®
Rosen et al.®® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Santos-silva Low risk Low risk Low risk Low risk Low risk High risk Low risk
et al.>?
Shrivastava Unclear Unclear Unclear Unclear Unclear Low risk Unclear
et al.'®
Skomro et al.’® Low risk Low risk Unclear Low risk Low risk High risk Unclear
Skomro et al." Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Smith et al.> Low risk Low risk Low risk Low risk Low risk Low risk Unclear
Su et al.”® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Sullivan et al.” High risk Unclear Unclear Unclear Unclear Low risk Unclear
Takama et al.”? Low risk Unclear Unclear Low risk Low risk Low risk Unclear
Tiihonen et al.>* Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Tiihonen et al.” High risk Low risk Low risk Low risk Unclear Low risk Low risk
To et al.’* Low risk Low risk Low risk Low risk Low risk Low risk Low risk
To et al.'% Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Tonelli de Oliveira  Low risk Low risk Low risk Low risk Low risk Low risk Low risk
et al.®®
Yagi et al.”® High risk Low risk Low risk Low risk Unclear Low risk Low risk
Yin et al." Unclear Low risk Low risk Unclear Unclear Low risk Low risk
Note: QUADAS-2 = Quality Assessment of Diagnostic Accuracy Studies-2.
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Sensitivity analysis

When we removed the 3 studies that recruited
only patients with comorbidities from the meta-
analysis, the results of in-laboratory sleep testing
remained unchanged, because the excluded stud-
ies had only been done at the patients’ homes.
Sensitivity in the at-home setting showed a slight
improvement, ranging from 1% to 3% at all
apnea—hypopnea index cut-offs, with the excep-
tion of 10 or more events per hour (where sensi-
tivity decreased from 83% to 81%). Specificity
improved by 2% and 3% at cut-offs of 5 or more
and 10 or more events per hour, respectively, but
remained unchanged at cut-offs of 15 or more
and 30 or more events per hour. The area under

the ROC curve improved slightly (1%) at all cut-
offs other than 10 or more events per hour.

Interpretation

Level 3 portable devices scored well for sensitivity
(the ability of a test to correctly identify those who
have the disease), and specificity (the ability of a
test to correctly identify those who do not have the
disease), with a trade-off of increasing specificity
and decreasing sensitivity as disease severity
increased. The areas under the ROC curves (a
measure that combines sensitivity and specificity
to show the overall discriminatory power of the
test, with a value of 1 indicating perfect discrimi-
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Figure 2: Summary receiver operating characteristic (ROC) curves comparing level 3 at-home sleep studies with level 1 in-laboratory
studies. (A) ROC for apnea-hypopnea index > 5 events/h. (B) ROC for apnea-hypopnea index > 10 events/h. (C) ROC for apnea-
hypopnea index > 15 events/h. (D) ROC for apnea-hypopnea index > 30 events/h.

CMAJ, January 7, 2014, 186(1)

E47



RESEARCH

nation) confirmed the performance of level 3
devices. The performance of level 3 devices was
better in the laboratory than at home — the devices
had a high technical failure rate when testing was
done at home. Bruyneel and colleagues reported
similar rates in their study comparing level 1 in-
laboratory to unattended level 1 at-home sleep
studies (the latter is considered level 2 testing). The
unattended level 1 studies had similar rates of tech-
nical failures, despite using full polysomnography
equipment, suggesting the failures were because a
sleep technician was not in attendance.'

Despite the heterogeneity we saw at some
apnea—hypopnea index cut-offs in our meta-
analysis, the pooled estimates of diagnostic

accuracy parameters appear reliable. We used a
model that accounts for this heterogeneity'” '
despite the use of different level 3 devices, which
each measured the same core parameters.

The studies included in this review were
designed to evaluate diagnostic accuracy rather
than identify subpopulations of patients who
might benefit from each test. Most patients in
these studies had uncomplicated obstructive
sleep apnea without unstable comorbidities. The
patients were typically referred from sleep or
respiratory clinics where a comprehensive pre-
test evaluation had been completed, suggesting a
high pretest probability of obstructive sleep
apnea (e.g., symptoms such as snoring and day-
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Figure 3: Summary receiver operating characteristic (ROC) curves comparing level 3 and level 1 in-laboratory sleep studies. (A) ROC for
apnea-hypopnea index > 5 events/h. (B) ROC for apnea-hypopnea index > 10 events/h. (C) ROC for apnea-hypopnea index
> 15 events/h. (D) ROC for apnea-hypopnea index > 30 events/h.
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time sleepiness). Family physicians play a key
role in the diagnosis of sleep-disordered breath-
ing. Reuveni and colleagues discussed the need
for educational programs to increase awareness
among family physicians of the signs of obstruc-
tive sleep apnea.'"' Such programs will likely
increase testing, optimize the use of diagnostic
resources and expedite treatment.'*""*

Our findings confirm those of previous reviews,
health technology assessments and clinical prac-
tice guidelines based on earlier evidence of
portable monitor use in the diagnosis of sleep-
disordered breathing.”**'=**'*> These reviews con-
cluded that level 3 devices are useful in the diagno-
sis of obstructive sleep apnea in patients with a
high pretest likelihood of having moderate to
severe forms of the condition. The American
Academy of Sleep Medicine and Canadian Sleep
Society/Canadian Thoracic Society guidelines rec-
ommend that portable sleep studies be provided
under the direction of health professionals with
accreditation in sleep medicine and as part of a
comprehensive assessment.”* The US Centers for
Medicare & Medicaid Services has determined
that portable devices (with a minimum of 3 chan-
nels) are acceptable for diagnosing obstructive
sleep apnea in patients with clinical signs or symp-
toms suggestive of the condition."

Limitations

We included only English-language studies in
this review, therefore it is possible that relevant
studies in other languages were excluded. In
addition, none of the studies included patients
with forms of sleep-disordered breathing other
than obstructive sleep apnea, limiting the gener-
alizability of the results to patients with other
forms of sleep-disordered breathing.

Conclusion

Level 3 sleep studies are safe and convenient for
diagnosing obstructive sleep apnea in patients
with a high pretest probability of moderate to
severe forms of the condition without substantial
comorbidities. Level 1 polysomnography
remains the cornerstone for the diagnosis in
patients suspected of having comorbid sleep dis-
orders, unstable medical conditions or complex
sleep-disordered breathing. Further studies
assessing the use of portable sleep studies in
patients with conditions other than obstructive
sleep apnea, and in patients with obstructive
sleep apnea and comorbidities, are needed.
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