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Abstract

Obstructive sleep apnea (OSA) is associated with cognitive impairment, daytime sleepiness, and
cardiovascular and cerebrovascular morbidity and mortality. Continuous positive airway pressure
(CPAP) remains the primary treatment for this disorder, and recent data provide novel insight
regarding optimal CPAP application and compliance. Promising alternate forms of OSA treatment
have also been addressed with recent clinical research.

Introduction and context
Obstructive sleep apnea (OSA), a prevalent disorder in
adults defined by repetitive upper-airway obstruction
and asphyxia, is associated with fatal and non-fatal
cardiovascular and cerebrovascular adverse effects [1-3].
Continuous positive airway pressure (CPAP) remains the
first-line treatment for this disorder, with randomized
controlled trials repeatedly demonstrating efficacy of
CPAP in improving OSA symptoms [4,5]. A preponder-
ance of current clinical research focuses on optimizing
application of, and compliance with, CPAP, which
appears to be essential for the successful treatment of
OSA-related morbidity and mortality [1].

Recent advances
CPAP and quality-adjusted life years
A 2009 review of randomized controlled trials up to
November 2006 analyzed incremental costs per quality-
adjusted life years and found that CPAP was more cost-
effective than oral appliances or conservative treatment
alone in the treatment of OSA [6].

Pressure variable and auto-titrating devices
Positive airway pressure (PAP) devices may be modified
to lower late inspiratory and/or early expiratory fixed
positive pressure in an attempt to minimize discomfort
and improve adherence with CPAP. Although standard
bilevel PAP therapy has not been shown to improve

compliance compared with CPAP [7], bilevel PAP with
flexible expiratory pressure was recently associated with
better compliance than a CPAP control group in OSA
patients previously poorly compliant with CPAP [8].
In contrast, a randomized controlled trial of expiratory
pressure-relief CPAP versus fixed-pressure CPAP in a
group of patients with moderate OSA found no between-
group difference regarding apnea hypopnea index
(AHI), subjective sleepiness, side effects, or compliance
at 7 weeks [9].

Auto-titrating CPAP, programmed with device-specific
algorithms such that airway pressure varies with the
requirements of the upper airway, has also been studied
in regard to compliance in numerous recent randomized
trials; these generally have shown compliance similar to
that of auto-titrating and fixed-pressure devices [10-13],
although one study did find that compliance was
significantly higher in the auto-titrating CPAP group
(up to 0.5-0.7 more hours per night than fixed CPAP)
[14]. Other sleep parameters, including AHI, were
essentially equivalent for fixed and auto-titrating CPAP
among these studies. Two recent randomized trials
investigated the efficacy of auto-adjusting CPAP applied
to OSA patients exclusively in the ambulatory setting.
CPAP compliance and improvement in subjective day-
time sleepiness were similar in a group randomly
assigned to ambulatory diagnostic and auto-titrating
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CPAP compared with a group receiving sleep laboratory
polysomnographic diagnosis and CPAP titration at
6-week follow-up [15]. A 3-month trial in patients with
a high probability of OSA demonstrated a similar AHI in
patients treated with auto-titrating CPAP alone and
patients who underwent polysomnographic diagnosis
and CPAP titration [16]. Sleep apnea-related quality of
life and subjective sleepiness were similarly improved in
the two groups, while CPAP compliance was higher in
the autotitrated CPAP group.

Adaptive servo-ventilation
A recent randomized crossover trial [17] demonstrated
that adaptive servo-ventilation (ASV), a form of bilevel
PAP which self-adjusts to a patient’s breathing pattern,
was significantly more effective than titrated bilevel PAP
with a back-up rate in decreasing the AHI in patients with
central and mixed sleep apneas, including ‘complex’
sleep apnea (an entity in which central apneas become
evident in OSA patients during CPAP application).
A review of 100 consecutive patients treated with ASV
for central sleep apnea, Cheyne-Stokes breathing, and/or
complex sleep apnea after unsuccessful CPAP titration,
similarly demonstrated overall superiority of ASV in
improving AHI compared with bilevel PAP with and
without a back-up rate, and compared with CPAP [18].

Other modalities for improving CPAP compliance
In the initial phase of the flexible bilevel PAP study noted
above [8], interventions including mask fitting, heated
humidification, pharmacologic nasal patency therapy as
indicated, and systematic education improved CPAP
compliance by 24%, confirming that a significant
portion of non-compliance with CPAP can be modu-
lated with these measures [19,20], as recommended in
the current practice parameters of the American Academy
of Sleep Medicine [21].

Other treatment modalities
Weight loss
While improvement of OSA has been demonstrated in
morbidly obese individuals with weight loss following
bariatric surgery [22,23], recent work indicates that
complete resolution of OSA is rarely achieved with
gastric banding despite significant weight loss [24]. More
recent data extend these findings to patients with lesser
degrees of obesity undergoing non-surgical weight loss:
in a population of obese patients (body mass index
28-40) with mild OSA (AHI 5-15), a very low calorie diet
for 12 weeks along with supervised dietary and exercise
counseling throughout a 1-year study period resulted in
significantly greater improvement in weight loss and
sleep-disordered breathing parameters (including AHI
and percentage time with oxygen saturation below 90%)

compared with a control group with minimal weight
loss intervention [25]. Cure rates for OSA (AHI <5) at
12 months were 63% in the intervention group and 35%
in the control group.

Positional therapy
A recent randomized crossover trial using a thoracic anti-
supine band that nearly abolished sleep in the supine
position demonstrated significant improvement in
AHI in most patients with mild to moderate supine-
predominant OSA [26]. However, this improvement was
significantly less than the improvement in AHI achieved
with CPAP in these patients.

Oral appliances
A recent randomized trial demonstrated that, in patients
with mild to moderate OSA, a mandibular advancement
device and CPAP each resulted in significant improve-
ment in sleep-disordered breathing, sleep apnea-related
quality of life, and morning diastolic blood pressure;
CPAP was more effective than the oral appliance in
decreasing sleep-disordered breathing and subjective
daytime sleepiness [27]. These data are consistent with
a recent meta-analysis that found that, although oral
appliances and CPAP similarly improve OSA symptoms,
oral appliances are generally inferior to CPAP in
improving objective sleep-disordered breathing para-
meters [28]. In the most recent update of the American
Academy of Sleep Medicine practice parameters, oral
appliances are suggested for patients with mild to
moderate OSA who do not respond to CPAP or who
prefer an oral appliance [29].

Cardiac resynchronization therapy
Two recent studies investigated the efficacy of cardiac
resynchronization therapy, with associated improve-
ment in hemodynamic function, in ameliorating OSA
diagnosed in patients with heart failure. One study
showed no significant effect [30]; the other [31] found
a significant decrease in the AHI, which, however,
remained in the range of moderate to severe (mean
AHI 29.5). In a recent randomized trial [32], atrial
overdrive pacing set at a rate of 15 beats higher than the
average nocturnal rate mildly improved AHI in this
setting but was inferior to the effect of CPAP.

Implications for clinical practice
Current data continue to support CPAP as primary
therapy for the treatment of OSA, particularly in patients
with severe OSA and those at high risk for cardiovascular
morbidity. Recent research confirms the efficacy of
interventions such as systematic education and mask
fitting in improving CPAP compliance. Consistent with a
previous meta-analysis that considered trials up to 2004
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[7], recent data do not definitively support the super-
iority of auto-titrating or pressure-relief CPAP to fixed-
pressure CPAP in regard to patient compliance or other
OSA variables. However, the use of such technology
regarding longer-term clinical outcomes remains to be
defined, and the applications of auto-titrating CPAP
exclusively in the outpatient setting in patients with a
high likelihood of OSA and of pressure-relief PAP in
patients poorly compliant with CPAP are particularly
promising. Weight loss should continue to be a major
treatment consideration in all overweight patients with
OSA. Oral appliances continue to represent a reasonable
alternative to CPAP, particularly in milder forms of the
disorder. Further studies of PAP regimens for OSA in
patients with heart failure and complex sleep apnea,
including ASV, are likely to better define the role of such
therapy in improving OSA outcomes in these settings.

Abbreviations
AHI, apnea hypopnea index; ASV, adaptive servo-
ventilation; CPAP, continuous positive airway pressure;
OSA, obstructive sleep apnea; PAP, positive airway
pressure.
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