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The sleep medicine community has increasingly recognized the ne-
cessity that clinical care be based on high-quality levels of evidence.
Although research supports a favorable influence of positive airway
pressure (PAP) therapy on risk for significant adverse outcomes in
patients with severe obstructive sleep apnea–hypopnea (OSAH), well-
designedtrials are still requiredtoelucidate theeffectofPAPonhealth,
quality of life, and economic risks in patients with milder OSAH.
Similarly, although there is strong evidence supporting various PAP
titration strategies and PAP modalities in patients with severe OSAH
without significant medical and psychiatric comorbidities, there is
insufficient high-level evidence assessing and comparing the clinical
efficacy and health care cost implications of various titration para-
digms andvarious PAPmodalities in individuals with milder OSAH and
those with comorbid conditions. For ethical and other reasons, it may
not be possible to apply a randomized controlled design to address all
questions. However, whichever design is employed, it must be
rigorously developed with attention to all potential confounders with
adequate power to provide compelling, high-quality evidence.
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Wright and colleagues generated considerable self-examination
within the field of sleep medicine with the publication of their
literature review of the health consequences of obstructive sleep
apnea–hypopnea (OSAH) and the effectiveness of continuous
positive airway pressure (CPAP) therapy for this disorder (1).
The authors concluded that perhaps with the exception of re-
ducing sleepiness and motor vehicle crashes, evidence of benefit
from treatment with CPAP was, at best, weak. Wright and co-
workers supported their contention by citing numerous flaws in
the studies that were published to that time. Inadequacies were
identified in research design and analyses, including lack of ran-
domized controlled trials, as well as failure to account for
carryover effects and potential confounders.

It is evident that well-designed and conducted randomized
controlled trials (RCTs) yield high-quality evidence, but they
carry costs as well as benefits. Several authors (2–4) have as-
serted that the hierarchy of research design quality, as reflected
by the evidence-grading pyramid, is flawed and artificial, with
the results of many well-done non-RCTs withstanding the test
of time. It has been further argued that RCT design may rigidly
restrict the intervention to a single paradigm, whereas in clinical

practice, physicians adjust therapies according to the specific
clinical features of individual patients (2, 4). Thus, the gener-
alizability of the results of randomized controlled clinical trials
to clinical care may be imperfect. Moreover, these authors
contended that similar evidence from more than one, well-done
observational study usually corroborates the results of an RCT
examining the same issue. RCTs are also usually costly (5) and,
if comparably reliable evidence can be obtained from observa-
tional studies, limited resources may receive wider and more
efficient allocation. Finally, RCTs may not always be ethical or
feasible such as when randomization to a control arm puts the
subject at what is deemed to be a significant likelihood of risk.

Although RCTs may not be necessary to assess every out-
come and every intervention, it must be acknowledged that the
results of observational studies may not withstand the challenge
of well-designed reexamination with an RCT, as has been the
case with the use of estrogen replacement therapy to prevent
cardiovascular disease in postmenopausal women (6–8). In ob-
servational studies of PAP intervention, the referent group is
often represented by individuals who either decline or who are
nonadherent to therapy. This engenders notable concern that
a patient’s decision to accept or decline to use therapy to treat
OSAH may be influenced by a variety of coexistent unmeasured
or unmeasurable patient factors that are, in fact, the primary
determinant(s) of outcome; the presence or absence of the
intervention reflecting an epiphenomenon of the operative
unmeasured or otherwise unassessed factors.

While recognizing the intrinsic strengths and weaknesses of
various study designs and questioning the absolute and exclusive
primacy of RCTs (9, 10), sleep medicine investigators accepted
the challenge to examine and maximize the rigor of research
design and robustness of analyses. In this perspective, we present
our view of the state of the evidence, such as it may be, regarding
the effectiveness of PAP therapy following the publication of the
above-cited article by Wright and coworkers (1). Because of the
inherent limitations of this forum, we focus the discussion on
representative issues in two areas. First, we will discuss clinical
outcomes, including sleepiness, health-related quality of life
issues, and systemic hypertension. The impact of PAP on cardio-
vascular disease and longevity is also selected for this represen-
tative discussion both because of its inherent importance and to
allow examination of the strength of the evidence across the wider
scope of patients with OSAH. Subsequently, we provide an ap-
praisal of the state of the evidence for various PAP titration and
initiation strategies as well as several currently prescribed PAP
modalities to facilitate development of a blueprint for enhanced
patient care in the context of the wide-spectrum clinical environ-
ments and resource availability.

OSAH, SLEEPINESS, AND HEALTH-RELATED
QUALITY OF LIFE

Patients with OSAH often present with sleepiness and its at-
tendant consequences, including complaints of impaired memory
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and concentration, irritability, and inadvertent episodes of sleep.
These symptoms not only lower the individual patient’s quality of
life, but create a societal burden through the higher rates of
automobile crashes among patients with OSAH compared with
the general population (11–14).

Compelling evidence that PAP is effective in ameliorating
sleepiness among patients with this complaint at baseline has
been demonstrated in a meta-analysis including 745 patients with
a range of OSAH severity enrolled in 12 randomized parallel
group or cross-over trials (15). This meta-analysis assessed studies
that provided the control groups with measures including coun-
seling about conservative measures (lateral position therapy,
weight loss, avoidance of alcohol and sedatives), an oral placebo
pill, and sham PAP. Perceived sleepiness, as assessed by the
Epworth Sleepiness Scale (ESS), improved to a substantially
greater extent in patients receiving PAP compared with control
subjects, with a mean improvement of 2.94 points on a 24-point
scale. Objective sleepiness, measured by mean sleep latency on
either a multiple sleep latency test or maintenance of wakefulness
test in 482 subjects, improved by 0.93 minutes in PAP compared
with control. The magnitude of changes in ESS score and sleep
latency in the meta-analysis was statistically significant, and the
improvement in ESS score appeared noteworthy. The change in
objective sleepiness was less impressive than that of subjective
sleepiness, and there were no data linking changes in mean sleep
latency to clinically relevant outcomes. When the meta-analysis
was restricted to the trials enrolling patients with greater sub-
jective sleepiness (ESS > 11), the results were more striking,
whereas an analysis of the remaining five trials revealed non-
significant differences. It is plausible that the apparent lack of
influence of PAP intervention among patients with less subjective
sleepiness at baseline resulted from a floor effect in measurement
of the ESS score. It also merits note that in this meta-analysis, the
improvements in sleepiness were independent of the type of
control therapy, suggesting that the mode of placebo control
per se is less important than the active therapy regarding the
evaluated effects.

Prevention of motor vehicle crashes (MVCs) is of critical im-
portance to patients and society. Because of the known impact of

sleepiness on the risk of MVCs, the effect of PAP on this outcome
has been investigated only in nonrandomized studies, comparing
rates of accidents in patients before and after treatment (14, 16–
19). The patients in these studies were typical of a sleep clinic
population, predominantly men with symptomatic, severe OSAH
(mean apnea 1 hypopnea index [AHI]: 35–60), and MVCs were
assessed by self-report. Because patients may underreport acci-
dents, some studies included a review of driving records from the
Department of Motor Vehicles, or included a matched control
group, strengthening the validity of the findings. In addition, the
inclusion of a matched control group enhanced the study design
(14, 17, 18). These studies all revealed reduction in the rate of
MVCs after initiation of PAP, whether assessed as rate of acci-
dents per person per year or by miles driven. Barbé and col-
leagues (14) observed that at baseline, patients with OSAH had
higher MVC rates than did control subjects matched for age and
sex. However, although the crash rate fell by 60% among patients
after treatment with PAP, there was a similar percent reduction in
the control group. On the other hand, George (18) observed that
after initiation of PAP therapy, crash rates fell to the level seen in
matched control subjects in whom the crash rate was stable over
the study interval (Figure 1). This discrepancy may result from
differences in the study designs. Control subjects in the study by
Barbé and coworkers were aware that they were enrolled in a
research project, and therefore the improvements in their driving
record may have resulted from increased attentiveness to safe
driving practices during the observation period. In contrast, data
obtained from the control subjects in the study by George were
taken from Department of Motor Vehicle records and these
individuals were not personally contacted by investigators.
Therefore, it is possible that the benefit from increased awareness
of motor vehicle safety to MVC risk is comparable to treatment
with PAP, or that heightened attention to safety confounds
assessment of the specific benefits of PAP in this regard.

We are unaware of any studies that have specifically ad-
dressed MVCs in nonsleepy patients with OSAH. Although
randomized trials in which sleepy individuals might be allocated
to a control group and monitored for MVC frequency are
unethical, a randomized trial examining nonsleepy patients with

Figure 1. Average (6SD) number

of automobile crashes per driver

per year over the 3-year interval

before initiation of positive airway
pressure therapy (solid circles) and

during the 3-year interval after

initiation of positive airway pres-

sure therapy (open circles) in (A) pa-
tients with sleep apnea–hypopnea

compared with (B) control subjects

over the same time periods. Re-
printed by permission from Refer-

ence 18.
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mild OSAH may be feasible and might advance our under-
standing of appropriate patient groups that should be treated
with PAP. There are challenges in designing and analyzing such
a study. Because the baseline rate of MVC is probably low in
this population a suitably long observation interval is necessary
to determine whether there is a treatment effect. In addition,
the potential impact of heightened awareness alone on vehic-
ular safety, differences in driving practices (e.g., hours per day,
time of day, cell phone use), and the influence of occupation on
MVC are potential confounders that must be considered. The
preceding issues notwithstanding, at this time we believe that it
is reasonable to expect that PAP treatment of sleepy patients
with OSAH will lower the MVC risk.

In controlled trials in diverse populations, patients with
OSAH who were treated with PAP compared with placebo
intervention showed significant improvement in general meas-
ures of quality of life, employing instruments such as the Short
Form-36 (20–22), and in sleep-specific quality of life measures in
most (23–25), but not all studies (26). In one parallel group trial
that included only nonsleepy patients, no significant changes in
quality of life were found (27). Thus in general, patients with
OSAH, particularly if sleepy, experience improved quality of
life from PAP. However, in view of the somewhat variable
conclusions reached across these studies, it seems warranted to
determine whether there are two subpopulations of patients
with OSAH who are more likely to obtain quality of life benefit
from PAP, with careful consideration of confounding factors as
well as the interactions between confounding factors.

OSAH AND HYPERTENSION

The relation between untreated OSAH and hypertension has
been convincingly established by a number of observational
studies with adequate adjustment for confounding demographic
and lifestyle factors (28–30) and confirmed prospectively (31).
A canine model of sleep apnea convincingly demonstrated that
experimentally induced upper airway occlusion that reasonably
mimicks severe OSA in humans led to hypertension during both
sleep and wakefulness. Moreover, the hypertension resolved
when the animals were subsequently permitted to sleep un-
disturbed (32). The evidence for a causal role of OSAH in the
development of hypertension is among the strongest for any
cardiovascular condition.

The impact of PAP therapy on blood pressure in patients with
OSAH has been investigated in numerous small trials with
variable results. In an attempt to reconcile these inconsistencies,
Haentjens and colleagues performed a meta-analysis including
572 patients in 12 randomized trials, reporting the outcome of
24-hour ambulatory blood pressure (33). These investigators
identified important between-trial heterogeneity in study design
and patient characteristics. Both parallel groups and cross-over
trials were analyzed; placebo treatments were either sham PAP
(27, 34–40) or oral tablet (24, 26, 41, 42), and study duration
ranged from 1 to 12 weeks. OSAH severity and symptomatology,
as well as the percentage of subjects with documented hyperten-
sion or receiving antihypertensive treatment, varied between
trials. In aggregate, treatment with PAP lowered mean 24-hour
blood pressure by 1.69 mm Hg, reflecting a statistically, and
arguably clinically significant, reduction (43). Significant predic-
tors of a more robust decrease in blood pressure in conjunction
with PAP treatment included more severe OSAH at study entry
(measured as the AHI or the number of arousal events per hour
of sleep) and greater nightly of use of PAP. In this meta-analysis,
subjective sleepiness, assessed by the ESS, did not predict blood
pressure response to PAP, as had been hypothesized in some of
the component trials. Similarly, trials that included a higher per-

centage of hypertensive participants were not more likely to show
a benefit with PAP. Potentially relevant factors that were not
assessed in the meta-analysis included potential genetic influen-
ces, lifestyle choices (e.g., exercise, alcohol consumption), dura-
tion of OSAH, and duration of the trial. This meta-analysis,
although well done, shares the strengths and weaknesses of this
statistical technique, namely that the unit of analysis is the trial
rather than the individual participant, and therefore evaluating
the effect of particular patient characteristics such as baseline
blood pressure is not possible. The latter may be of particular
issue in that it may take more than several months of PAP therapy
to see a reduction in sympathetic nervous system activation (44).
Despite the study heterogeneity, we believe the evidence is
reasonably compelling that PAP modestly reduces blood pres-
sure in at least some patients with OSAH, particularly in those
with more severe disease (24, 34, 37). Careful studies to identify
specific subpopulations most likely to derive antihypertensive
benefit from PAP are still needed.

Epidemiologic studies and meta-analyses teach that improved
blood pressure control leads to improved outcomes such as re-
duced development of coronary artery disease, congestive heart
failure, and stroke (43, 45, 46). There remain many important,
unanswered questions. In the absence of symptoms or other clin-
ical issues such as cardiac risk factors, does the goal of lowering
blood pressure provide sufficient justification for recommending
PAP treatment to hypertensive patients with OSAH? Further-
more, is treatment with PAP as good as, or superior to, adopting
a more health-promoting lifestyle or more intensive pharmaco-
logic therapy in reducing adverse outcomes in hypertensive
patients with OSAH, and what is the long-term effect of PAP
on blood pressure control? In addition to effects on blood
pressure, PAP therapy directly reduces cardiac afterload, ameli-
orates hypoxemia, and fosters improved sleep continuity. At least
in theory, these factors argue in favor of PAP over conventional
antihypertensive drug treatment per se. An RCT with ‘‘hard’’
cardiovascular endpoints to answer these questions would re-
quire an extremely large sample size and long duration. The study
design would need to address the confounding impacts of baseline
OSAH severity, variable adherence to PAP, changing clinical
circumstances including changing medications and lifestyle over
a long period, as well as potential genetic influences in the study
groups. For these reasons, such a study is unlikely to be
conducted. On the basis of the current evidence of a modest
blood pressure decrement in patients with OSAH, we believe that
difficult-to-control hypertension should be considered when
making the decision to initiate PAP therapy, especially in those
patients with established cardiovascular risk factors or disease.
We recognize that this approach is, at best, largely based on
extrapolated data with a critical need for accrual of high-quality
evidence to provide definitive clinical guidance.

OSAH, CARDIOVASCULAR DISEASE, AND LONGEVITY

Mortality associated with OSAH, and the benefits of treatment
in this regard, are issues of obvious and elemental importance to
patients, their health care provider(s), and society. Implicit in
this is the need to establish criteria for initiating therapeutic
interventions, over and above those related to lifestyle changes.

Marin and coworkers (47) reported a substantially higher
incidence of fatal as well as nonfatal cardiovascular events in
a cohort of individuals with severe OSAH (AHI . 30) who
declined PAP therapy compared with untreated patients with
mild-to-moderate OSAH (AHI 5 5–30) without daytime
sleepiness and snorers without OSAH (AHI , 5). Moreover,
PAP treatment of a separate population of individuals including
those with severe OSAH and those with mild-to-moderate

Sanders, Montserrat, Farré, et al.: Positive Pressure Therapy of OSAH 163



OSAH plus severe daytime sleepiness was associated with sub-
stantially greater cumulative survival compared with that of
individuals with comparably severe AHI but who declined
therapy. In addition, survival of patients with severe OSAH
and patients with mild-to-moderate OSAH plus severe daytime
sleepiness who were treated with PAP was approximately
equivalent to that of untreated patients with mild-to-moderate
OSAH (without severe daytime sleepiness). This was an ob-
servational study and it is possible that the acceptance of
treatment was a marker for a concomitant shift to healthy
lifestyle choices and/or greater adherence to other medications,
whereas those patients with OSAH who declined treatment
may have continued to make unwise choices that enhanced
exposure to cardiovascular mortality and morbidity. However,
baseline measures of cardiovascular risk were comparable in the
treated and untreated groups and it seems less likely that
acceptance of PAP therapy marked a lifestyle epiphany to such
a degree that it provides a primary explanation for the long-
term survival differences. It remains possible that the decision
to decline or adhere to PAP therapy is a marker for other
difficult-to-assess healthy habits, such as adherence to pre-
scribed medications, that might have impacted mortality. In
addition, bias may have been introduced by unexplored med-
ical, psychiatric, or socioeconomic factors that influenced the
decision to accept and adhere to PAP and influenced outcome.
Because severe daytime sleepiness was a criterion for therapy in
patients with mild to moderately increased AHI, it would have
been informative to know the specific predictive value of this
symptom and cardiovascular outcome. Furthermore, the inves-
tigators did not report details of the patient education regarding
potential health consequences associated with nontreatment in
those individuals who went on to be treated with positive
pressure and those who did not. Thus, while incapable of
providing unique attribution of improved survival to PAP
therapy per se, the data provided by Marin and coworkers
represent compelling evidence that adherence to positive
pressure therapy confers survival benefit in patients with a
severely elevated AHI, and perhaps those with mild to moder-
ate elevation and severe daytime sleepiness. Confidence in this
conclusion is supported by other studies (48–50). Although
subject to the same considerations inherent to an observational
study as discussed above, a study by Campos-Rodriguez and
coworkers (48) assessed the dose–response relationship between
PAP adherence and survival. Individuals with average daily

PAP use in excess of approximately 4 hours (range, 1–6 h) ex-
perienced a survival benefit relative to a group with an average
daily use of 0.3 hour (,1 h/d) (Figure 2). It is unfortunate that
these investigators did not analyze the dose–response relation-
ship between adherence and survival in terms of shorter bins of
daily PAP exposure, as this would have provided greater clinical
insights. Thus, although they were not RCTs, several cohort-
based observational studies provide a consistent conclusion re-
garding the effect of positive pressure therapy on survival of
patients with more severe OSAH.

Biological and physiological plausibility of improved cardio-
vascular mortality and morbidity reinforce the conclusions of
the observational cohort studies. Within-subject comparisons
conducted during longitudinal studies have demonstrated a re-
duction of biomarkers reflecting proatherogenic inflammation
after initiation of PAP therapy in patients with moderate or
greater OSAH (51–57). These studies did not include a placebo-
controlled group. Although conceivable that some factor(s)
other than therapy per se was primarily operational in reducing
systemic and in vitro evidence of inflammation, the likelihood of
this is diminished by the observation that an effect was evident
after as little as 4–8 weeks of therapy (53–55) and without a
change in body mass index. Similarly, with some exceptions (58,
59), noncontrolled within-subject studies have demonstrated
that PAP therapy is associated with a decrease in markers of
oxidative stress (60–64). The influence of potentially confound-
ing variables was generally not considered in these studies. Fur-
thermore, the sample sizes were small and generally reflected
patients with more severe OSAH, at least in terms of AHI.
These limitations notwithstanding, the results are consistent
with those of the cohort survival and cardiovascular morbidity
studies.

Finally, in addition to the biological plausibility that PAP
therapy reduces mortality and morbidity, a retrospective study
examined the temporal pattern of death in patients with and
without OSAH. Although the data were not adjusted for
specific cardiovascular risk factors, the analysis suggested that
there is a dose–response relationship between the AHI and the
relative risk of sudden nocturnal cardiac death (65). There was
no difference in prevalent risk factors between the patients with
OSAH and individuals without OSAH. The effect of PAP
therapy was not evaluated in this study. However, although
excess mortality due to sudden death attributable to OSAH has
not been reported, PAP therapy has been shown to reduce

Figure 2. Cumulative sur-

vival of patients with ob-

structive sleep apnea–

hypopnea by categories of
average daily use of positive

airway pressure therapy.

Patients with average daily

use less than 1 hour had
significantly lower cumula-

tive survival than those with

an average daily use of 1–6
hours and those with an

average daily use exceeding

6 hours. There was no dif-

ference in the groups with
average daily use of 1–6

hours and more than 6

hours. Reprinted by permis-

sion from Reference 48.
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prevalent dysrhythmias in these patients (66, 67). Conceptually,
at least, this should reduce risk. Similarly, randomized trials
comparing PAP therapy with usual care have demonstrated that
the former improves left ventricular ejection fraction in patients
with severe OSAH and reduced pretreatment left ventricular
function (68, 69). On the other hand, one randomized cross-over
trial comparing autotitrating CPAP (A-CPAP) versus sham
CPAP in patients with left ventricular dysfunction and moder-
ate to severe OSAH failed to show a differential effect on left
ventricular function (70). As the authors of this report noted,
however, the AHI was not as severely elevated in their study
population as in the other studies. Moreover, follow-up sleep
studies to assess the impact of A-CPAP on OSAH were not
performed. Unfortunately, there was no fixed-CPAP treatment
arm, which would have provided insight into whether or not the
lack of effect reflected unresponsiveness to CPAP or just the
A-CPAP mode of delivery.

In light of the aggregate data, is it mandatory to conduct large,
randomized controlled clinical trials to determine whether in-
dividuals with severe OSAH, at least as defined by the AHI, who
use positive pressure therapy are likely to experience improved
long-term survival relative to nonuse? From the perspective that
the existent, relatively large observational cohort studies provide
consistent results in this regard, and the fact that these results are
congruent with biological and physiological plausibility, an
affirmative conclusion seems reasonably well founded. It remains
nonetheless prudent to maintain some concern that the improved
survival might ultimately be due to unassessed factors, rather
than PAP per se, and that adherence to this therapy is a marker of
these beneficial factors. Although ethical considerations preclude
an RCT design to explore this issue further in symptomatic
patients and individuals with severe OSAH, larger observational
studies that include newer techniques to address potential bias
(71) seem warranted. In our view the evidence is of sufficiently
high quality that clinicians should educate patients with severe
OSAH that acceptance of, and adherence to, positive pressure
therapy is associated with improved survival and reduced car-
diovascular morbidity. Without minimizing the importance of
research to uncover fundamental roots of pathogenesis, we
suspect that patients are more interested in outcome than specific
attribution.

The further challenge for our field is to determine the risks and
benefits; or, in other words, the outcomes of treating individuals
with mild and moderate OSAH with PAP or, for that matter, any
intervention that alleviates sleep-disordered breathing events.
The impact of various disease modifiers such as sleepiness and
comorbid conditions on outcome must also be assessed. Acqui-
sition of data in all of these regards will provide the bonus of
enabling development of evidence-based guidelines for treat-
ment of OSAH across the spectrum of disease severity.

EVIDENCE-BASED DATA ON PAP TITRATION AND
TREATMENT PARADIGMS

Technician adjustment of applied PAP guided by monitoring
during overnight, in-laboratory full polysomnography (PSG;
multivariable monitoring that provides information about stage
architecture and continuity, breathing pattern, oxyhemoglobin
saturation, heart rhythm and rate, and in some circumstances
abnormal body movements) has been considered by many
clinicians and investigators to be the ‘‘gold standard’’ for de-
termining the PAP prescription. However, the degree to which
this represents the optimal approach has been called into
question by the high prevalence of OSAH (72, 73), engendering
increased demand for limited sleep laboratory and personnel
resources, in turn giving rise to long waiting lists, increased costs,

and delayed care with potentially serious health consequences
(47, 48, 50, 74). Consequently, practitioners of sleep medicine
have recognized the importance of developing and validating
alternative strategies to establish the PAP prescription. In the
context of this discussion, the quality of research and resulting
evidence concerning these strategies is addressed, with a focus on
methods of pressure titration as well as the various PAP treat-
ment modes.

PAP Titration Strategies

The level of PAP that eliminates events that reflect OSAH
varies from patient to patient in a way that is poorly predictable;
for example, there is no single pressure that is effective for all
patients. Thus, individualized pressure prescription is necessary.
Further complicating the issue is the fact that the requisite
pressure for a given individual may not be constant across cir-
cumstances, with pressure requirements potentially varying with
changes in weight, sleep position, medication, alcohol, and age.

In the early years of PAP therapy, the main endpoint of
titration was the elimination of apneas. Subsequently, elimina-
tion of hypopneas, snoring, and inspiratory flow limitation as well
as optimization of sleep continuity have been suggested titration
goals (75, 76). At present, there are no standard, validated
evidence-based guidelines for pressure adjustment, and therefore
the criteria vary from center to center. There are important, un-
resolved issues including (1) lack of universal agreement re-
garding the type of events that must be addressed during titration;
(2) the relative merits of different PAP titration paradigms, for
example, sleep technician adjustment of PAP over a full-night
PSG (full-night PSG titration) versus initiation and titration of
PAP during the second portion of the night-time PSG after
a diagnosis of OSAH during the first portion of the PSG (split-
night PSG titration) versus autoadjusting CPAP (A-CPAP)
titration; and (3) lack of clear evidence-based criteria to facilitate
matching individual patients to the specific titration paradigm
that engenders the greatest likelihood of clinical success.

Which Events Need to Be Corrected

There is a general consensus that the presence of obstructive
apneas and hypopneas (identified by reduced but not absent
airflow accompanied by oxyhemoglobin desaturation or arousal)
warrants an increase in the magnitude of applied PAP. Inspira-
tory flow limitation is recognized when increasing (e.g., pro-
gressively more negative) esophageal pressure swings are un-
accompanied by increasing airflow (77), consistent with increased
upper airway resistance. The physiological and clinical signifi-
cance of prolonged periods of flow limitation (PPFL; arbitrarily
defined as flow-limited periods during sleep lasting more than
2 min) (78) remains uncertain. Some studies have demonstrated
or inferred the association between blood pressure elevation
during sleep and intervals during which there are large negative
intrathoracic pressure swings (79–81). It is conceivable, there-
fore, that PPFL could be harmful, particularly in patients with
cardiovascular disease (82). The data were derived from studies
examining small numbers of patients, with short follow-up
intervals, or nonclinically representative experimental conditions
(79–82). In addition, the fact that PPFL may be present in other-
wise healthy, snoring individuals, for example, during delta or
slow wave sleep, provides cause for some reservation concerning
the need to correct PPFL. To our knowledge, there is no high-
quality evidence regarding the outcome advantages and dis-
advantages associated with PAP titration that is directed to
eliminate PPFL in patients with OSAH with and without cardio-
vascular and other medical comorbidities. Therefore, appropri-
ately powered, randomized trials with patients with OSAH al-

Sanders, Montserrat, Farré, et al.: Positive Pressure Therapy of OSAH 165



located to groups with titration strategies that do or do not target
PPFL for elimination with subsequent long-term monitoring are
needed. Moreover, the study populations should be sufficiently
large to permit assessment in clinically relevant subgroups, with
the most important representing those patients with cardiovas-
cular comorbidities. Studies performed in animal models, in
which it is possible to use invasive measurements under well-
controlled experimental conditions, will be of interest (83).
Although recognizing the limitations of the existing evidence,
in view of the physiological data indicating that PPFL is
associated with potentially important disadvantageous physio-
logical consequences we believe that the potential benefits of
eliminating PPFL outweigh possible risks. Pending the availabil-
ity of evidence-based guidance it seems reasonable to direct
clinical titration of PAP to eliminate PPFL.

PAP Titration Strategies

Full-night PSG titration. Historically, patients who have been
diagnosed as having OSAH that is deemed to warrant PAP
treatment have titration of pressure over an entire night during
a technician-attended PSG. Titration is usually done by a trial-
and-error process, by the technician who is attending the PSG
and who adjusts the applied pressure until those respiratory and
sleep parameters that are considered to be clinically important
are reduced to the degree judged by the clinician to be accept-
able. One study has reported that, because of upper airway
hysteresis in some patients, the optimal CPAP value during the
latter portion of the titration night is slightly lower than that
required earlier in the night, suggesting that some individuals
are prescribed higher pressure than required as a result of the
currently conventional titration paradigm (84). Such a reduction
may be particularly useful in patients requiring high levels of
pressure. However, given concern that the pressure-lowering
benefit of hysteresis may not be sustained or extend into the
following nights, as well as the lack of clinical outcome data,
RCTs are needed before the clinical applicability of this
strategy is considered. These data do provide some conceptual
basis for prescribing A-CPAP as a treatment mode, as is
discussed subsequently in this article.

Titration using A-CPAP to determine fixed-pressure CPAP
prescription. A-CPAP devices are intended to detect breathing
disturbances or absence of such disturbances over specified inter-
vals and modify the applied PAP upward or downward, re-
spectively, in real time, according to a device-specific algorithm
(the algorithm features, and use of A-CPAP as an ongoing
treatment modality, are discussed below). This PAP modality
was originally designed for treatment but was quickly adopted for
use in CPAP titration such that a single ‘‘best’’ level positive
pressure could be identified from the overnight profile of pressure
that was applied by the A-CPAP device with prescription of that
single or fixed-pressure CPAP level (85–90). Stradling and
coworkers (87) randomized patients with OSAH to receive a
fixed-pressure CPAP prescription for home use that was derived
either by an overnight technician titration or after a night of
A-CPAP with examination of the overnight A-CPAP profile
from which the lowest pressure that eliminated most ‘‘obstructive
events’’ (which were not further defined) was selected. The
average level of prescribed positive pressure did not differ sig-
nificantly between the titration strategies. More recently, Masa
and coworkers (89) studied patients with severe OSAH (AHI .

30) and reported that after 3 months of CPAP, there were no
significant differences in the level of prescribed CPAP, improve-
ment in AHI, or subjective sleepiness when the fixed-pressure
CPAP prescription was determined by technician titration of
CPAP or was derived from examination of the applied pressure

profiles during A-CPAP application over three nights while the
patient slept at home. Mulgrew and coworkers (90) randomized
sleepy patients with OSAH to receive fixed-pressure CPAP at
a prescription determined either during a sleep laboratory
technician titration or from the A-CPAP profiles obtained over
1 week of nightly use at home. After that 3 months of therapy,
there was no significant difference between the two titration
strategies regarding the change in AHI from baseline, score on
the Epworth Sleepiness Scale (a validated measure of subjective
sleep propensity during common activities [91]), or quality of life
(measured by a validated instrument, the Sleep Apnea Quality of
Life Index [92]). It is important to note that before randomiza-
tion, all participants had a personal education and interface-
fitting session with a coordinator as well as an opportunity to wear
CPAP during wakefulness in an effort to facilitate tolerance. In
addition, the protocol permitted further manual adjustment of
pressure in the A-CPAP titration, but not the technician titration
group, in response to a suggestion of persistent OSAH on
overnight oximetry performed during the first week of fixed-
pressure CPAP therapy. It is also important to recognize that
trials examining the use of A-CPAP to identify a single, fixed-
pressure prescription generally excluded patients with OSAH
with medical and psychiatric morbidities.

Although use of A-CPAP to identify a fixed-pressure CPAP
prescription is cost-effective relative to a full-night titration in
selected patient populations (93), there are not enough studies
to substantiate this conclusion across the broad clinical spec-
trum of patients with OSAH (e.g., patients with mild–moderate
OSAH or with comorbidities). Randomized controlled clinical
trials comparing full-night PSG and A-CPAP-titration to derive
a fixed-pressure CPAP prescription are particularly needed in
these groups of patients who are commonly seen in clinical
practice. The primary outcomes of these studies should include
clinical symptoms, cognitive and quality of life tests, and adher-
ence to PAP therapy. We believe that there is sufficient evi-
dence to justify determination of a fixed-pressure prescription
from a trial of home A-CPAP provided the patient is typical of
those evaluated in the published studies (e.g., unequivocal,
symptomatic OSAH and without serious medical or psychiatric
comorbidities) and is provided with in-depth education about
OSAH and its treatment as well as an opportunity to select the
best-fitting and most comfortable interface. This paradigm is
not suitable for those individuals who have only limited com-
prehension of OSAH and its therapy, those with abnormal cra-
niofacial anatomy, and those for whom a satisfactory interface
has not been clearly identified beforehand.

Split-night PSG titration. Split-night PSG titration is an
attended, in-laboratory, overnight procedure during which sleep
and breathing variables are recorded for diagnostic purposes
during the first 2 hours of the sleep period, after which, if specific
criteria are met, CPAP titration is performed during the re-
mainder of the night. Split-night PSG titration may provide
a pressure prescription that is comparable to that of full-night
PSG titration in patients who demonstrate frequent obstructive
events early in the sleep period (94–97). In a case-controlled
study, McArdle and coworkers (94) observed no significant
difference between patients receiving a split-night PSG titration
and those having a full-night PSG titration regarding subjective
sleepiness. Similarly, when considering the entire study popula-
tion there was no difference between the two titration strategies
regarding the cumulative percentage of patients who continued
to use CPAP over time. There was a suggestion that it was lower
in those patients with a baseline AHI , 30 who had a split-night
titration compared with those who had a full-night PSG titration.
However, the number of patient with AHI , 30 was quite small
and this issue requires definitive examination with an RCT
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design. Surprisingly, there are few prospective studies of this
strategy in patients with clinical comorbidities and across the
entire spectrum of OSAH severity, especially milder degrees of
OSAH. This issue notwithstanding, a report by the American
Academy of Sleep Medicine describing the evidence base of
practice parameters for the use of PAP therapy includes the split-
night PSG titration protocol as an acceptable alternative to the
standard approach (98, 99).

Deutsch and coworkers have provided a useful cost-effective-
ness analysis that compared the full-night PSG titration strategy
with the split-night PSG titration strategy as well as with
a paradigm that includes diagnostic monitoring home A-CPAP
titration to establish a fixed-pressure CPAP prescription (93).
Results of the comparison between the full-night PSG titration
and home A-CPAP titration strategies have been described (see
above). The authors employed a decision tree model incorporat-
ing typical clinical algorithms for each strategy to compare their
cost-effectiveness from a third-party payer perspective over a
5-year period. Probabilities and test characteristics were derived
from previously published data. Cost estimates were based on the
2004 Medicare Fee Schedule and survival rates were taken from
National Center for Health Statistics data and published studies.
Effectiveness was measured as quality-adjusted life years. This
analysis, as well as previously published studies in this area,
demonstrated that split-night PSG titration is cost-effective in a
clinic population with a high prevalence of symptomatic patients
with moderate-to-severe disease (93, 100). However, more stud-
ies are needed in this area, especially in patients with less severe
OSAH and those with comorbidities.

Use of predictive equations to establish positive pressure
prescription. Employing a predictive equation represents an-
other potential strategy to identify a therapeutic level of PAP (50,
101–104). Most studies addressing this issue examined primarily
patients with severe OSAH and evaluated relatively small sample
sizes without describing power calculations. West and coworkers
(102) reported comparable symptomatic improvement in patients
using fixed-pressure CPAP that was established using a formulaic
approach, patients for whom a fixed-pressure CPAP prescription
was derived from home A-CPAP profiles, and patients who used
nightly A-CPAP as a treatment modality. However, traditional
full-night PSG titration was not used as a control. Hukins (105)
evaluated the practice of initiating CPAP at a pressure (termed
‘‘arbitrary’’ pressure by the investigator) that was determined by
a formula based on the patient’s body mass index. Outcomes
were compared with those determined after a traditional full-
night PSG titration. Of note, the arbitrary pressure paradigm
permitted the initial pressure to be reduced in response to patient
intolerance of the initial setting. On the other hand, the initial
arbitrary pressure was empirically increased in response to
reports of snoring or persistent sleepiness. After 3 months of
treatment, the formulaic and full-night PSG titration paradigms
provided comparable improvement in subjective sleepiness and
health-related quality of life assessed by the Short Form-36
quality of life questionnaire. Despite comparability of improve-
ment in these outcomes, the investigators reported that objective
PSG assessment of OSAH in patients, using the arbitrary
pressure paradigm (after any adjustments for intolerance, per-
sistent snoring, or sleepiness), resulted in an increase in the
treatment pressure increase from 11.4 6 2.0 to 13 6 2.0 cm H2O
(mean 6 SD). Sleep architecture and overnight oxyhemoglobin
saturation during application of the arbitrary pressure were not
reported. In another randomized trial, Masa and colleagues (89)
observed that the formula-derived CPAP prescription did not
completely abolish all sleep-disordered breathing events. More-
over, a number of patients with comorbid conditions were
excluded.

In our view, the absence of controlled, long-term outcome
studies across the spectrum of OSAH severity and patients with
health comorbidities, as well as the concerns raised by the
Hukins study and the study by Masa and coworkers, preclude
routine clinical application of formulaically derived positive
pressure prescriptions. Conceivably, use of this paradigm may
be appropriate in underresourced areas, but there must be
particular efforts to ensure patient education and close follow-
up with a knowledgeable clinician.

Treatment of OSAH with PAP Modalities Other than

Fixed-Pressure CPAP

Use of A-CPAP for ongoing treatment. Although conven-
tional, fixed-pressure CPAP therapy is effective in most patients
with OSAH, the application of a single pressure value over time
has potential drawbacks because the collapsibility of the upper
airway varies not only during a single night (e.g., shifting body
position, alcohol ingestion with changing blood levels overnight)
but also long term (changes in body mass index). A-CPAP
devices are intended to modify the applied pressure in real time,
according to that required to maintain upper airway patency. In
theory, at any given time, these devices apply the lowest effective
pressure. Because fixed-pressure CPAP is generally titrated to
maintain upper airway patency under circumstances of greatest
collapsibility and is maintained at this level throughout the night,
treatment with A-CPAP should result in application of a lower
average overnight pressure. In concept, this may reduce side
effects, improve comfort, and facilitate adherence to therapy. In
general, studies comparing A-CPAP and fixed-pressure CPAP
applied during PSG monitoring have demonstrated comparable
efficacy in reducing the AHI, at least when the A-CPAP
adjustment algorithm is not perturbed by excessive air leaks
through the mouth or at the mask–skin interface. In a meta-
analysis of published randomized trials comparing treatment
with A-CPAP and fixed-pressure CPAP devices, Ayas and
coworkers (106) observed that, as expected, the average applied
overnight pressure is significantly lower with A-CPAP while
comparably low AHIs are achieved. However, there was no
difference between the two modalities regarding subjective
sleepiness or adherence to therapy. The authors concluded that,
in general, A-CPAP therapy does not offer advantages in the
evaluated outcomes over fixed-pressure CPAP and the latter
remains the standard for PAP treatment. More recent clinical
studies addressing this question (104, 107–111) have not provided
evidence to warrant modification of this conclusion. RCTs are
clearly needed to determine whether there are subpopulations of
patients with OSAH that would derive outcome and adherence
benefit from A-CPAP therapy. Conversely, these trials would
identify populations in whom this modality may be disadvanta-
geous. Careful attention to potential confounders is critically
important in designing these studies. Finally, studies are needed
to examine the utility of A-CPAP in ‘‘salvaging’’ patients with
OSAH who are unresponsive to, will not accept, or are in-
adequately adherent to fixed-pressure CPAP such that they can
be satisfactorily treated.

Bilevel PAP. Unlike CPAP, which by definition applies the
same pressure throughout the ventilatory cycle, bilevel PAP
permits independent adjustment of the pressure applied during
inspiration and that applied during expiration. Application of
expiratory PAP prevents the static upper airway occlusion (e.g.,
at end expiration) whereas inspiratory PAP prevents the dynamic
upper airway obstruction that is related to inspiratory physiology.
Laboratory evaluations have demonstrated the capacity for
bilevel PAP to achieve comparable improvement in AHI as
fixed-pressure CPAP but at a lower expiratory pressure (112).
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However, although limited, the available evidence does not
reveal added benefit from an initial PAP prescription delivering
bilevel PAP compared with fixed-pressure CPAP in the general
OSAH population (113, 114). There is some evidence from case
series studies suggesting that bilevel PAP offers a treatment
advantage in subpopulations of patients, for example, those with
obesity hypoventilation syndrome and hypercapnic patients with
chronic obstructive pulmonary disease (115, 116). These studies
were neither large nor long-term. Given the potential advantages
of bilevel PAP, blinded randomized studies with long-term
follow-up are needed to elucidate the advantages and disadvan-
tages of this modality as initial treatment of patients with medical
comorbidities and as ‘‘salvage’’ therapy in those patients who are
unresponsive to, do not accept, are intolerant of, or inadequately
adhere to fixed-pressure CPAP.

Pressure-relief PAP. Pressure-relief PAP is a variant of
fixed-pressure CPAP and reflects reduction of the applied CPAP
during expiration in proportion to the patient’s expiratory flow
with subsequent increase in pressure to the prescribed ‘‘fixed’’
level at end expiration (e.g., when expiratory flow has ceased).
The goal is to reduce the expiratory load and improve patient
adherence. Prospective, randomized studies have demonstrated
that pressure-relief CPAP is as effective as conventional fixed-
pressure CPAP in improving AHI and sleep efficiency, and in
reducing the arousal index (the average number of arousals per
hour of sleep) (117, 118). However, these studies did not dem-
onstrate that use of this modality conferred an adherence ad-
vantage. As in the case of bilevel PAP, adequately powered,
prospective, randomized studies should be directed to investigate
the possibility that there are subgroups of patients who will
benefit from this modality and under what, if any, circumstances
benefit will be accrued.

Considerations in Assessing Performance of PAP Devices

Fixed-pressure CPAP. Translation of PAP device–generated
mask pressure to a therapeutically effective constant pressure in
the upper airway may be adversely affected by factors that
increase system resistance (e.g., long tubing and/or water con-
densation) and by dynamic variables (breathing frequency and
tidal volume) (119). It is important to understand this possibility
when patients express complaints regarding persistent or re-
current symptoms or comfort of therapy. Although this is less of
an issue with the newer generation of CPAP devices, with their
greater ability to compensate for changes in circuit resistance,
swings in airway pressure associated with extremes in breathing
pattern, and air leaks through the mouth or at the mask–skin
interface, it nonetheless should be considered by the clinician to
whom the specifications regarding the mechanical capabilities of
the device should be made available by the manufacturer through
comprehensive and clinically relevant bench testing.

A-CPAP. A-CPAP devices are not easy to implement in
practice. First, the device needs to incorporate sensors and
software to automatically and reliably detect and classify abnor-
mal breathing events. The system should be sufficiently robust
to distinguish between sleep-disordered breathing events (e.g.,
snoring, apneas, hypopneas, and flow limitation) that require
pressure adjustment from common events that should not result
in a modification of the CPAP applied to the patient (e.g., cough,
sighs, swallowing, speaking, mouth breathing, leaks, and events
associated with arousal from sleep). Another implementation
difficulty concerns the algorithm to modify the pressure applied
in response to various detected events. As mentioned above,
there remains the open question of the optimal target variables
that should drive clinical PAP titration. In view of the limited
consensus in the clinical community regarding which variable(s)
should be used to define abnormal breathing events, the presence

or absence of which should ‘‘drive’’ titration, various proprietary
algorithms have been incorporated into A-CPAP devices across
different manufacturers. The large number of A-CPAP devices,
and the fact that their adjustment algorithms are usually un-
disclosed for commercial reasons, reinforces the need for bench
testing with public access to the results as well as well-designed
clinical trials (120).

CONCLUSIONS

Since Wright and coworkers (1) brought undeniable awareness to
the deficiencies in OSAH research up to that time, there has been
increasing attention given to employing study designs that pro-
vide the highest possible level of evidence to address important
clinical questions. In view of scientific, ethical, and feasibility
considerations, no single interventional trial design is optimally
suited to examine all questions regarding PAP therapy for
OSAH. However, regardless of clinical trial design, acquisition
of high-quality evidence mandates that investigators engage
proper methods to establish and evaluate a sample size that is
requisite to address the study hypothesis. This becomes increas-
ingly important as greatly needed studies are designed to examine
PAP treatment outcomes in individuals with less severe OSAH in
whom the treatment effect size may be smaller, as well as in trials
assessing and comparing efficacy, outcomes, and cost-effective-
ness of various titration strategies and different PAP modalities
in specific subpopulations, such as those with medical, psychiat-
ric, and socioeconomic comorbidities.

In conjunction with increased attentiveness to acquisition of
high-quality evidence, we have gained notable insights regarding
PAP therapy for OSAH. In the process, important gaps in our
knowledge have been highlighted. Although some attribution to
unassessed health and lifestyle factors cannot be definitively
excluded, studies provide strong evidence that use of PAP
therapy by patients with severe OSAH favorably influences
incident cardiovascular disease and long-term survival. This
conclusion is buttressed by physiological and biological plausi-
bility. With further attention to exploring the potential contribu-
tion(s) of heretofore unassessed factors, future trials should
provide a definitive answer. Well-designed and executed out-
come studies of patients with milder OSAH and assessment of
interactions with medical, psychiatric, and expanded lifestyle
habits (e.g., exercise patterns), and socioeconomic status will be
challenging, but critically important in view of the prevalence of
less severe disease within the population. Moreover, with in-
creasing appreciation of the broad biological and clinical effects
of sleep-disordered breathing (e.g., endocrine, hepatic, and re-
nal) and the potential impact of treatment, it would seem prudent
to expand the spectrum of assessed outcomes to provide an
expansive compendium of the high quality of evidence.

Currently available evidence reasonably supports the expecta-
tion that PAP treatment of patients with severe OSAH who also
have persistent hypertension will result in reduction of blood
pressure over the 24-hour interval. However, well-designed, long-
term interventional trials are required to identify specific sub-
groups of hypertensive patients with OSAH who have greater and
lesser likelihoods of obtaining a meaningful antihypertensive effect
from PAP therapy. Moreover, we need to know whether reduction
in blood pressure with PAP therapy of OSAH has unique advant-
ages compared with pharmacologic antihypertensive intervention.

It is intuitively appealing to consider that PAP treatment
reduces the likelihood of motor vehicle crashes and currently
available data support this posit. Although further examination
of this issue with RCTs is not ethically viable, well-designed long-
term observational studies that consider the broad spectrum of
potential confounders may provide clinically important insight as
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well as information of considerable societal and medicolegal
importance.

Studies have examined a number of strategies to identify the
optimally therapeutic and tolerated level of positive pressure. In
general, these investigations provide evidence that a clinically
appropriate pressure prescription can usually be derived through
any one of a variety of paradigms. However, the study popula-
tions that were examined have generally been limited to patients
with OSAH without health comorbidities and have not included
patients with milder disease. Thus, the results of these studies
cannot be extrapolated to the general OSAH population. Much
the same conclusions are reached when considering the evidence
regarding the clinical utility and cost-effectiveness of the various
PAP modalities. Although there has been reasonable demon-
stration that these modalities stabilize the upper airway in
patients with OSAH, the evidence base is of insufficient quality
to determine whether there are unique long-term benefits con-
ferred by these modalities in specific clinical subgroups of patients
with OSAH.

It is essential to acknowledge the overlap of information
provided by studies of PAP therapy, including effective titration
paradigms and intervention-related outcomes, and information
that defines the nature of OSAH as a disease. For example, what
physiological variable(s) and to what degree must these variables
be perturbed to elicit symptoms and adverse outcomes? Indeed,
the argument becomes circular in that a call for efficacy and out-
come studies in individuals with ‘‘milder’’ OSAH assumes that
there is an evidence-based definition of ‘‘milder’’ OSAH and that
it requires treatment. It may reasonably be anticipated that inter-
vention trials will provide important information concerning these
issues, highlighting the overlap between studies that elucidate the
nature of the disorder and those that explore its treatment.

In acknowledging the lack of universal applicability, feasibil-
ity, or supremacy of a given clinical interventional trial design it is
also important to recognize the value of multiple trials examining
specific issues, the results of which, when taken in aggregate, will
have a high likelihood of yielding durable, clinically relevant, and
useful information. By challenging the sleep medicine commu-
nity to contemplate the quality of its research, Wright and
coworkers performed a considerable service. The response of
the sleep medicine community to this challenge has benefited our
science and our patients.
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