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APAP vs. fixed pressure devices in terms of subjective sleepi-
ness and usage. However, APAP titration appears to be more 
cost-effective,13 though with similar adherence and outcomes 
compared to manual laboratory CPAP titration in determining 
optimal PAP pressure for long-term use.14,15 Additionally, APAP 
is becoming more commonly prescribed. A recent survey com-
pleted by 38 sleep center physicians in 21 countries revealed a 
mean ratio of 30:70 for APAP:CPAP prescriptions for those 16 
countries in which both APAP and CPAP are prescribed; and 
in 19 of the countries APAP is used both for in-laboratory and 
home titration as well as for continuous treatment.16 Regardless 
of the device used, breathing during PAP therapy may prove 
to be uncomfortable to some patients, and this discomfort may 
present an obstacle to patient adherence to treatment. Flexible 
pressure relief alters the pressure profile in the transition from 
inhaling to exhaling to improve comfort during sleep-related 
breathing.

A-Flex (Philips Respironics, Murrysville, PA) is a comfort 
feature of PAP delivery that works with the automatically ad-
justing CPAP algorithm (Figure 1), using constant pressure 
adjustment to minimize abnormal breathing events and thus 
maximize therapeutic efficacy. A-Flex matches pressure deliv-
ery through the patient’s entire breathing cycle. Initially, pres-
sure is significantly reduced at the start of exhalation, with the 

INTRODUCTION
The most common treatment for obstructive sleep apnea 

(OSA) is positive airway pressure (PAP) therapy using con-
tinuous positive airway pressure (CPAP) devices. The pressure 
required to treat OSA can be determined during an in-labora-
tory titration study or the pressure can be adjusted automati-
cally using device algorithms based on the characteristics of 
the airflow waveform to minimize abnormal breathing events. 
These automatically adjusted positive airway pressure (APAP) 
devices are available for both CPAP (Auto-CPAP) and bilevel 
positive airway pressure (Auto-BPAP). There are data compar-
ing APAP devices to fixed pressure devices,1-12 but these studies 
have shown no clear evidence whether APAP yields better out-
comes vs. fixed pressure devices in the average OSA patient, no 
difference in patient preference, and only a marginal benefit of 
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group. H4: Participants in the A-Flex group will demonstrate 
the greatest 180 day adherence (average nightly use), followed 
by those in the CPAPAPAP group and those in the CPAP group.

Aim 3 (Outcomes):
To determine the relative difference between APAP with A-

Flex and standard CPAP on long-term change in functional out-
comes. H5: Participants on APAP with A-Flex will demonstrate 
better improvement in functional outcomes compared to those 
using standard CPAP at 180 days. Secondary Hypotheses: H6: 
Participants on APAP with A-Flex will demonstrate superior 
improvements in subjective sleepiness by the Epworth Sleepi-
ness Scale17,18 (ESS, an instrument designed to assess a subject’s 
chance of dozing in 8 real-life situations), functional outcomes 
associated with sleepiness by the Functional Outcomes of 
Sleep Questionnaire19 (FOSQ, a sleep-related quality-of-life 
self-assessment questionnaire), vigilance by the Psychomo-
tor Vigilance Task20 (PVT, a 10-min attention/vigilance test), 
and blood pressure. H7: Participants on APAP with A-Flex will 
demonstrate better attitudes toward PAP use by an Attitudes To-
ward Use Questionnaire (ATUQ, a self-efficacy scale based on 
psychological theories of behavior change and modified from 
one developed by Stepnowsky and Marler21) and acceptance 
through visual analog scales (VAS, questions assessing subjec-
tive sleep quality changes, mask comfort, treatment satisfaction 
and benefit) of therapy at 180 days compared to those using 
standard CPAP.

METHODS

Participants (Figure 2)
Patients who completed routine clinical diagnostic visit 

and CPAP titration polysomnography (PSG) at 5 international 
sleep centers (Stanford University, Stanford, CA; Shands and 
University of Florida Sleep Disorders Center, Gainesville, FL; 
Charité - Universitätsmedizin Berlin Interdisciplinary Center 
of Sleep Medicine, Berlin, Germany; Gaylord Hospital, Wall-
ingford, CT; Sleep Disorders Center of Alabama, Birmingham, 
AL) were consecutively recruited for the study. These patients 
were approached with information on the study and were asked 
to consent to participate until at least 50 patients at each cen-
ter were recruited and enrolled, provided they met the criteria 
listed below for the study. A sample size of 150 participants (50 
in each arm) was derived by consensus among the study’s steer-
ing committee, composed of each site’s principal investigators.

The inclusion criteria were as follows: (1) age 21-75 years; 
(2) obstructive sleep apnea (OSA) diagnosis with a baseline 
apnea-hypopnea index (AHI) ≥ 15 events/h of sleep; (3) able 
and willing to provide written informed consent; (4) agreement 
to try PAP as initial treatment approach; (5) adequate clinical 
CPAP titration within 2 weeks of enrollment defined by these 
criteria (Criterion 1: The interval during which the chosen 
pressure is delivered contains a period of sleep ≥ 15 min that 
includes REM sleep that is not continuously interrupted by 
arousals or awakenings, and one of the following: (a) AHI ≤ 
5, or (b) an AHI ≤ 10 in participants with moderate to severe 
OSA [an apnea index or AHI ≥ 20], or (c) in participants with a 
diagnostic AHI < 20, a reduction of the AHI ≥ 50%. Criterion 
2: If REM sleep is not present during the time the selected pres-

pressure approximately 2 cm H2O less than inspiratory pressure 
by the end of exhalation; the pressure returns to the therapeu-
tic level at the start of the next inspiratory phase. Similar to 
Bi-Flex (Philips Respironics), A-Flex softens the pressure tran-
sition from inhalation to exhalation to enhance breathing com-
fort, and is similar to C-Flex (Philips Respironics) by providing 
pressure relief during exhalation. The timing of these pressure 
manipulations is based on airflow measurements so the A-Flex 
pressure profile mirrors patient respiration.

There is an absence of data comparing A-Flex to alternate 
forms of PAP therapy on adherence and outcomes. The pur-
pose of this study was to determine if the comfort of A-Flex 
results in higher acceptance and adherence and improved pa-
tient outcomes compared to alternate forms of PAP therapy. 
More specifically, this overall hypothesis parallels the belief 
that if this therapy is more comfortable for the patient, he or 
she will be encouraged to use it more, and the greater utiliza-
tion might translate to greater treatment efficacy and improve-
ments in alertness, vigilance, and quality of life. This study was 
an international, multicenter, double blinded, prospective, ran-
domized, controlled trial, in which participants were assigned 
to one of three groups, representing standard of care in current 
sleep medicine practice using CPAP, a model sometimes used 
in sleep centers where APAP devices are used to expedite PAP 
titration (CPAPAPAP), and an alternate model using A-Flex.

There were three aims for this study:

Aim 1 (Efficacy):
To determine the efficacy of APAP with A-Flex at reducing 

apneas and hypopneas in participants with moderate to severe 
OSA. Hypothesis (H)1: The groups will not differ in residual 
apnea and key polysomnography (PSG) variables on the first 
laboratory PSG night at the initiation of therapy. H2: Partici-
pants in the A-Flex group will demonstrate lower residual ap-
nea and improved PSG variables compared to those assigned to 
the CPAP and CPAPAPAP groups at 180 days.

Aim 2 (Adherence):
To determine the relative difference between APAP with A-

Flex and standard CPAP on adherence to treatment. H3: Partici-
pants in the A-Flex group will demonstrate the lowest dropout 
rate (defined as using ≤ 1 hour a night on average) at 180 days, 
followed by those in the CPAPAPAP group and those in the CPAP 

Figure 1—Automatically adjusted positive airway pressure (APAP) 
algorithm with A-Flex. Pressure (solid line in upper part of figure) is 
automatically adjusted by the APAP device, with the pressure reduced at 
the start through the end of exhalation, with the pressure returning to the 
therapeutic level at the start of the next inspiratory phase. The amount of 
pressure reduction can be adjusted (gray lines).
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insufficiency with suspected or known neuromuscular disease, 
moderate or severe COPD or other pulmonary disorders, or any 
condition with an elevation of arterial carbon dioxide levels (> 
45 mm Hg) while awake or participants qualifying for oxygen 
therapy (arterial saturation ≤ 88% for > 5 min); (7) surgery of 
the upper airway, nose, sinus, or middle ear within the previ-
ous 90 days; (8) surgery at any time for the treatment of OSA; 
(9) presence of untreated or poorly managed (i.e., symptomatic 
despite treatment), non-OSA related sleep disorders; (10) use of 
medications with hypnotic or sedative effects or regular use of 
nighttime sedatives or sleeping aids ≥ 1 night per week; (11) 
consumption of ethanol > 4 nights per week; (12) shift workers.

sure is delivered, a reduction in the AHI ≥ 75% and the sleep 
specialist’s clinical judgment that the titration is adequate); (6) 
Native English speaker for participants enrolled in the US and 
native German speaker for participants enrolled in Germany.

The exclusion criteria were as follows: (1) participation in 
another interventional research study within the last 30 days; (2) 
the need for more than one titration PSG; (3) the use of sedatives 
or hypnotics during the titration PSG; (4) a major medical or 
psychiatric condition that would interfere with the demands of 
the study, adherence to PAP, or the ability to commit to follow-up 
assessment; (5) prior prescription for, or exposure to PAP ther-
apy within the previous year; (6) chronic respiratory failure or 

Figure 2—Participant flowchart. AM, anthropometric measurements; APAP, Auto-CPAP; ATEA, Adherence and Therapy Effectiveness Assessment; ATUQ, 
Attitudes Toward Use Questionnaire; CPAP, continuous positive airway pressure; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep 
Questionnaire; PAP, positive airway pressure; PSG, polysomnography; PVT, psychomotor vigilance task; VAS, visual analog scales; VS, vital signs.
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treatment-related problems. For the CPAPAPAP group only, the 
therapy mode was changed from APAP to conventional, fixed 
pressure CPAP (based on the 90% pressure determined from 
the device), so the participants in this group did not remain on 
APAP. Outcomes and adherence data were collected at 3 more 
follow-up visits at 30, 90, and 180 days after initiating treat-
ment. If the participant reported snoring while on treatment, the 
minimum pressure (A-Flex group) or therapy pressure (CPAP 
or CPAPAPAP groups) could be adjusted. The maximum pressure 
(A-Flex group) or therapy pressure (CPAP or CPAPAPAP groups) 
could be reduced for pressure intolerance. Additionally, during 
these visits, objective PAP adherence and efficacy data were 
collected from the PAP device, and the participant completed 
the ATUQ, FOSQ, ESS, PVT, and VAS. Participants were also 
instructed to contact study personnel if they experienced any 
therapy problems or side effects, felt they were not using PAP 
sufficiently, experienced residual sleepiness, or had questions 
related to their equipment or treatment of OSA for the duration 
of their study period. At the final follow-up visit at 180 days, a 
final full-night PSG using the assigned therapy was conducted, 
and demographic, anthropometric, and vital signs (heart rate and 
blood pressure measured after sitting quietly for 10 min) data 
were collected. After the final PSG, participants were unblinded, 
adherence was reviewed, participants had the opportunity to ask 
questions, and participants returned their PAP devices (unless 
they did not have other means for continuing treatment).

Statistical Methods
Analyses were performed on an intention-to-treat basis. All 

participants who were randomized and received any amount 
of study therapy were included in the analysis, in the treat-
ment group to which they were randomized. Appropriate post 
hoc tests that account for the multiplicity of comparisons were 
used to identify pair-wise differences where the main effect 
of treatment group was significant. P-values for the main ef-
fect of treatment group membership are reported along with 
the pairs that are significantly different. No adjustments were 
planned or made for testing of hypotheses for multiple end-
points. A two-sided P-value of 0.05 was used to determine 
statistical significance.

Aim 1 (Efficacy)
Hypothesis tests for PSG outcomes employed analysis of 

variance for approximately normally distributed outcomes (or 
outcomes that could be transformed to an approximately nor-
mal distribution), and the Kruskal-Wallis test for non-normal 
outcomes. Where significant differences across groups were 
found, pairwise differences in groups were determined using 
the Tukey-Kramer test (where ANOVA was applied), or by per-
forming multiple Mann-Whitney-Wilcoxon summed rank tests 
and applying a Bonferroni adjustment. Separate analyses were 
run on each of the key sleep variables (AHI, oxygen satura-
tion, arousal index, sleep efficiency, % slow wave sleep, and 
% REM sleep) from the first PSG night (H1) and the last PSG 
night (H2).

Aim 2 (Adherence)
H3: Three definitions were considered for “dropout.” On a 

per patient basis, dropout was defined as < 1 h use per night 

The study protocol and informed consent forms were ap-
proved by the local institutional review boards at each center. 
After confirming eligibility, informed consent was obtained 
from those agreeing to participate in the trial, and a clinical 
evaluation including the collection of demographic data (e.g., 
age, gender, ethnicity, educational level), anthropometric mea-
surements (neck circumference, height, and weight), and vital 
signs was conducted. The FOSQ, ESS, and ATUQ were also 
completed by the participants at this time.

Randomization
Those agreeing to further participate in the study were then ran-

domized into the study. Urn randomization was used to control 
for the potentially confounding variables (age, gender, education, 
AHI, subjective sleepiness). Urn randomization is an adaptive 
randomization procedure that adjusts group assignment through-
out the course of the study to optimize the chances of matching 
groups on key variables. Participants were randomized to one of 
the 3 study groups: A-Flex group: Automatically adjusted CPAP 
(APAP, pressure range between 4 and 20 cm H2O) with A-Flex for 
the duration of the study period; CPAPAPAP group: APAP (4-20 cm 
H2O) for 14 days, then switching to standard CPAP at a fixed pres-
sure (determined from the APAP device at a level corresponding 
to the 90% pressure) for the remainder of the study period; CPAP 
group: Standard CPAP with a fixed pressure for the duration of 
the study period. The Principal Investigator (PI) and research staff 
administering questionnaires or interacting with the participant 
were blinded to randomization and the results of all participant 
evaluations. The PI was blinded to the results of all PSGs, and 
participants were blinded to treatment (see next section).

PAP Titration
Participants randomized to the CPAP group underwent a full-

night PSG to document the efficacy of the standard, fixed pres-
sure CPAP determined from their prior clinical CPAP titration 
PSG. Participants in the CPAPAPAP group underwent full-night 
PSG on conventional APAP. Participants in the A-Flex group 
underwent full-night PSG on APAP with A-Flex. For all groups, 
these PSGs were scheduled as quickly as possible after consent, 
and heated humidification was provided and used as needed. 
The participant performed the PVT once before (evening) and 
once after (morning) the PSG. Sleep technologists at each site 
fitted and adjusted the PAP masks prior to the PSG, and the 
PAP devices and supplies were dispensed by the site personnel 
following instruction about PAP therapy and the health conse-
quences of OSA. All three groups received treatment with the 
same PAP device (REMstar Auto M-Series, Philips Respiron-
ics, Murrysville PA) set to deliver the appropriate mode. The 
standard display on the device was altered to not reveal therapy 
mode information (e.g., A-Flex options) so that participants 
could be blinded to treatment. The PSG data were reviewed by 
the sites to verify efficacy of treatment, and were then scored by 
an independent, centralized PSG Reading Center at the Univer-
sity of Pennsylvania using 2007 AASM scoring rules.22

Testing and Follow-Up
Following the PSG, participants were contacted by telephone 

at 7 days of treatment and had a follow-up visit at 14 days of 
treatment to assess adherence and identify and manage any 
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ever, there were no significant differences in average oxygen 
saturation between A-Flex and CPAPAPAP groups.

H2: Those in the A-Flex group did not demonstrate signifi-
cantly lower residual apnea, higher oxygen saturation, or im-
provement in key PSG variables compared to those assigned to 
the CPAP and CPAPAPAP groups at 180 days (Table 2).

Aim 2 (Adherence)
There were no significant differences found between treat-

ment groups.
H3: There were no significant differences in the dropout rate 

between treatment groups at 90 or 180 days (Table 3).
H4: There were no significant differences in PAP adherence 

between treatment groups at 90 or 180 days (Table 4).

Aim 3 (Outcomes)
H5 and H6:
Epworth Sleepiness Scale (ESS): There were no significant 

differences across treatment groups in change of ESS scores 
from baseline (PAP Titration PSG) at 30, 90, and 180 days, with 
the following mean (± SD) scores at baseline and at 180 days: A-
Flex (baseline = 10.43 ± 5.25, 180 days = 6.93 ± 4.30), CPAPAPAP 
(baseline = 10.49 ± 4.59, 180 days = 7.02 ± 4.66), and CPAP 
(baseline = 12.27 ± 5.94, 180 days = 7.87 ± 5.35), P = 0.8.

Functional Outcomes of Sleep Questionnaire (FOSQ) 
Global: There were no significant differences across treatment 
groups in change of FOSQ Global Scores from baseline (PAP 
Titration PSG) at 30, 90, and 180 days, with the following mean 
(± SD) scores at baseline and at 180 days: A-Flex (baseline = 
15.17 ± 3.13, 180 days = 17.11 ± 2.22), CPAPAPAP (baseline = 
15.85 ± 2.94, 180 days = 17.78 ± 2.06), and CPAP (baseline = 
14.57 ± 3.97, 180 days = 16.74 ± 3.26), P = 0.9. Similarly, there 
were no significant treatment group differences in the change 
from baseline at 30, 90, and 180 days for FOSQ Activity, Vigi-
lance, Relationships, Productivity, or Social Scores.

Psychomotor Vigilance Task (PVT): There were no signifi-
cant differences across treatment groups in change of PVT 
mean reaction time from baseline (PAP Titration PSG) at 30, 
90, and 180 days. The following mean (± SD) times were ob-
tained for baseline and at 180 days: A-Flex (baseline = 276.75 ± 
48.81 msec, 180 days = 263.09 ± 41.33 msec), CPAPAPAP (base-
line = 285.70 ± 89.66 msec, 180 days = 257.46 ± 40.64 msec), 
and CPAP (baseline = 287.59 ± 68.25 msec, 180 days = 256.67 
± 30.07 msec), P = 0.5. Similarly, there were no significant dif-
ferences across treatment groups in change of PVT lapses from 
baseline at 30, 90, and 180 days. The following mean (± SD) 
number of lapses were obtained for baseline and at 180 days: 
A-Flex (baseline = 2.15 ± 3.74, 180 days = 0.98 ± 2.14), CPAPA-

PAP (baseline = 2.15 ± 4.10, 180 days = 1.30 ± 3.32), and CPAP 
(baseline = 3.41 ± 7.75, 180 days = 0.96 ± 1.32), P = 0.6. The 
data presented in this section are for the evening PVT adminis-
tration; however, there were similarly no significant differences 
for mean reaction time or number of lapses across treatment 
groups collected during the morning PVT administration.

Blood Pressure: There were no significant differences 
across treatment groups in change of systolic or diastolic 
blood pressure from baseline (PAP Titration PSG) at 30, 
90, and 180 days, with the following mean (± SD) systolic/
diastolic pressures (mm Hg) at baseline and at 180 days: A-

on average, < 2 h per night on average, and a median of < 2 h 
per night. Difference in dropout rates across groups was tested 
using either the χ2 test or Fisher exact test, where ≥ 50% of 
expected cell counts were < 5. This analysis was performed 
separately for results through 90 days and results through 180 
days. H4: The average daily hours of use, computed by par-
ticipant across available days, was analyzed using analysis of 
variance to assess differences across treatment groups. The 
analysis was performed for results through 90 and through 
180 days.

Aim 3 (Outcomes)
H5 and Secondary Hypotheses H6 and H7: Difference across 

groups, in changes from baseline (PAP Titration PSG), were 
tested for H5 using a mixed model approach, in order to ac-
count for the repeated measures within participants, where out-
comes were approximately normally distributed (or outcomes 
that could be transformed to an approximately normal distribu-
tion). Outcomes that significantly departed from normality and 
did not fit a known distribution were analyzed using the Krus-
kal-Wallis test. Separate analyses were run for each variable 
of interest. Dependent variables to test H6 included: subjec-
tive sleepiness (Epworth), functional outcomes associated with 
sleepiness (FOSQ), vigilance (PVT), and blood pressure; and 
dependent variables to test H7 included measures of attitudes 
towards use (ATU), and visual analogue ratings of therapy. Ap-
propriate post hoc tests were used to assess pair-wise difference 
where the main effect of treatment group was significant.

RESULTS
There were 168 randomized participants and 4 participants 

who were excluded from the intention-to-treat analysis since 
they withdrew from the trial prior to any study procedures. The 
demographic characteristics, including the diagnostic polysom-
nography data, of the 164 participants are depicted in Table 1; 
importantly, there were no significant differences among the 
3 groups. Fourteen participants did not receive the therapy to 
which they were randomized, but were included in the inten-
tion-to-treat analysis. One participant among the 14 random-
ization errors received CPAPAPAP instead of A-Flex, and this 
participant was treated as a CPAPAPAP participant. The treatment 
received by the remaining 13 participants included multiple 
therapy modes. A total of 140 participants completed the study. 
Of those dropped or disqualified, the majority were dropped 
from the study per their request, with the remainder disqualified 
for various reasons (3 lost to follow-up, 1 due to shift work, 1 
due to surgery for aortic insufficiency, and 1 for inability to 
adhere to the protocol).

Aim 1 (Efficacy)
H1: There were no significant differences between treatment 

groups for key PSG variables on the first laboratory PSG night 
at the initiation of therapy, with the exception of AHI and aver-
age oxygen saturation (Table 2). For AHI, the values for the 
A-Flex group were significantly higher than those for CPAP 
and CPAPAPAP groups; however, there were no significant differ-
ences in AHI between CPAP and CPAPAPAP groups. For average 
oxygen saturation, the values for the CPAP group were signifi-
cantly higher than those for A-Flex and CPAPAPAP groups; how-
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ATU A values than the A-Flex group (22.30 ± 2.80 vs. 20.54 ± 
3.60, P = 0.02). At the 30-day visit, the CPAPAPAP group exhib-
ited significantly better ATU A values than the A-Flex group 
(22.41 ± 2.63 vs. 20.64 ± 4.24, P = 0.04). These differences dis-
appeared at the 90 and 180 day visits. There were no significant 
differences between groups for ATU B+C at any time point.

We compared subjective ratings for sleep quality, mask 
comfort, and treatment satisfaction and benefit for participants 
across treatment groups (Table 5). There were no significant dif-
ferences between groups for ratings of sleep quality and mask 

Flex (baseline = 128.1 ± 14.0/80.6 ± 9.3, 180 days = 127.5 
± 13.4/78.4 ± 9.4), CPAPAPAP (baseline  =  127.9 ± 14.0/79.1 
± 9.4, 180 days = 128.3 ± 12.9/80.8 ± 8.2), and CPAP (base-
line = 127.7 ± 16.0/77.3 ± 9.8, 180 days = 130.2 ± 14.9/80.6 ± 
9.6), Psystolic = 0.7, Pdiastolic = 0.07.

H7: The dependent variables evaluated were ATU A (At-
titudes Towards Use – Confidence) and ATU B+C (Attitudes 
Towards Use – Expectations and Importance). There were sta-
tistically significant differences in ATU A; at baseline (PAP 
Titration PSG), the CPAP group exhibited significantly better 

Table 1—Participant characteristics

Characteristic A-Flex (N = 54) CPAPAPAP (N = 53) CPAP (N = 57) P
Age: mean ± SD 49.1 ± 11.6 48.3 ± 10.0 48.8 ± 12.0 0.9

(range) (29-77) (25-70) (27-77)
Gender: % Female (#) 24.1% (13) 24.5% (13) 24.6% (14) > 0.9
Ethnicity: % (#) 0.4

Asian 5.6% (3) 1.9% (1) 0%
Black 5.6% (3) 15.1% (8) 14.0% (8)
Hispanic or Latino 3.7% (2) 1.9% (1) 1.8% (1)
White 85.2% (46) 79.2% (42) 82.5% (47)
Other 0% 1.9% (1) 1.8% (1)

Body Mass Index: kg/m2, mean ± SD 33.0 ± 6.6 35.6 ± 8.3 34.9 ± 8.0 0.2
(range) (20.3-57.2) (21.0-65.0) (20.3-54.9)

Neck Circumference: inches, mean ± SD 16.5 ± 1.7 17.1 ± 3.9 16.6 ± 2.3 0.8
(range) (12.2-21.0) (12.2-42.0) (6.9-20.5)

Systolic Blood Pressure: mm Hg, mean ± SD 128.1 ± 14.0 127.9 ± 14.0 127.7 ± 16.0 0.9
(range) (100-180) (100-160) (84-165)

Diastolic Blood Pressure: mm Hg, mean ± SD 80.6 ± 9.3 79.1 ± 9.4 77.3 ± 9.8 0.2
(range) (60-100) (56-103) (51-107)

Snoring: % (#) 96.3% (52) 100% (53) 98.2% (56) 0.5
Nasal congestion: % (#) 22.2% (12) 28.3% (15) 24.6% (14) 0.7
Nasal allergies: % (#) 35.2% (19) 35.8% (19) 47% (27) 0.3
Bed partner: % (#) 84.6% (44) 82.7% (43) 85.5% (47) 0.9
Education level: % (#) > 0.9

High school 22.2% (12) 18.9% (10) 29.8% (17)
College 61.1% (33) 67.9% (36) 47.4% (27)
Post-graduate 16.7% (9) 13.2% (7) 22.8% (13)

Apnea-Hypopnea Index*: mean ± SD 36.87 ± 30.00 37.29 ± 31.10 41.08 ± 31.57 0.6
(range) (0.2-112) (0.1-109.9) (0.5-137.6)

Apnea Index*: mean ± SD 21.39 ± 23.34 22.90 ± 25.20 23.31 ± 22.79 0.8
(range) (0-106.1) (0-89.7) (0-86.3)

Hypopnea Index*: mean ± SD 15.45 ± 20.49 14.30 ± 18.07 17.73 ± 18.52 0.5
(range) (0-99.1) (0-109.1) (0-76)

Average Oxygen Saturation*: %, mean ± SD 93.70 ± 3.08 93.72 ± 3.02 93.82 ± 2.65 0.9
(range) (79-97) (81-97) (85-99)

Arousal Index*: mean ± SD 39.39 ± 24.33 40.65 ± 28.28 39.58 ± 22.12 > 0.9
(range) (9-107.4) (1.9-123) (1.9-123)

Sleep Efficiency*: %, mean ± SD 83.46 ± 12.65 79.89 ± 13.88 79.18 ± 13.57 0.2
(range) (46-98) (43-96) (42-98)

% Slow Wave Sleep*: mean ± SD 6.30 ± 8.08 7.28 ± 9.82 6.47 ± 9.42 0.8
(range) (0-29) (0-45) (0-38)

% REM Sleep*: mean ± SD 14.48 ± 9.62 14.79 ± 10.20 13.05 ± 8.95 0.7
(range) (0-40) (0-37) (0-31)

*Diagnostic polysomnography data.



SLEEP, Vol. 34, No. 8, 2011 1089 Positive Airway Pressure Initiation—Kushida et al

nificant differences between groups at 180 days. At the base-
line visit, the A-Flex group had a significantly (P < 0.0001) 
lower oxygen saturation (87.41% ± 4.15%) than the CPAPAPAP 
(89.38% ± 3.69%) and CPAP (90.86% ± 3.45%). At 180 days, 
the A-Flex group had a significantly (P = 0.03) lower oxygen 
saturation (89.13% ± 3.41%) than the CPAPAPAP (90.57% ± 
3.92%) group, but not the CPAP (90.06% ± 3.82%) group.

Pressure
Average pressures were obtained for each participant; for 

CPAPAPAP and A-Flex groups the 90% pressure was used to cal-
culate average pressure. There were no significant differences 
in pressure between groups, with the exception of the CPAP 
and CPAPAPAP groups at 180 days (Table 7). It is important to 
note that the pressure in the CPAPAPAP group was derived from 
the APAP titration study at 14 days; however, the difference be-
tween the CPAP and CPAPAPAP groups was not apparent at either 
14 or 90 days. As discussed in the Methods section, during the 
follow-up visits, the pressure could be increased for snoring or 
reduced for pressure intolerance; the pressure was unchanged 
for A-Flex group participants, but was reduced for 1 participant 
in each of the CPAPAPAP and CPAP groups.

Leak values
Average leak values were first calculated per participant over 

all days of data collection; participants in the A-Flex group 

comfort at 30, 90, and 180 days. However, for subjective rat-
ings of treatment satisfaction, A-Flex scores were significantly 
worse than CPAPAPAP and CPAP scores at 30 and 180 days. For 
subjective ratings of treatment benefit, at 90 and 180 days, A-
Flex scores were significantly worse than CPAPAPAP.

Post Hoc Analyses

Poor PAP adherers
Participants who had poor adherence soon after starting treat-

ment, (< 5 h of PAP use in the first 7 days) were analyzed to assess 
changes in the dropout rate and mean hours of adherence at 90 and 
180 days between treatment arms. No significant differences were 
observed between groups for these measures (Table 6).

Oxygen saturation
We evaluated the effects of the treatments on other measures 

of oxygen saturation: time spent below 90% and minimum ox-
ygen saturation. At baseline (PAP Titration PSG), the A-Flex 
group had a significantly (P = 0.0001) longer time below 90% 
(1.55 ± 3.70 min) than the CPAPAPAP (0.55 ± 1.72 min) and 
CPAP (0.37 ± 1.10 min) groups; however, there were no sig-

Table 2—Polysomnography data at PAP titration PSG and at 180 days*

Measure

PAP Titration PSG 180 Days
A-Flex

(N = 54)
CPAPAPAP
(N = 53)

CPAP
(N = 57) P

A-Flex
(N = 46)

CPAPAPAP
(N = 47)

CPAP
(N = 47) P

Apnea-hypopnea index 6.09 ± 7.20
(0-39.6)

3.54 ± 4.39
(0-24.8)

3.24 ± 3.46
(0-14.9)

0.02 1.26 ± 2.92
(0-19.3)

0.67 ± 0.93
(0-4.3)

1.04 ± 1.28
(0-5.2)

0.3

Average oxygen saturation, % 95.70 ± 1.38
(92-98)

95.74 ± 1.35
(92-98)

96.46 ± 1.52
(93-100)

0.01 95.65 ± 1.34
(92-98)

96.21 ± 1.32
(92-98)

96.09 ± 1.60
(92-98)

0.08

Arousal index 18.05 ± 8.59
(5-41.4)

16.57 ± 8.05
(5.4-36.4)

17.61 ± -9.72
(3-55)

0.7 20.43 ± 10.31
(3.5-50.6)

17.43 ± 7.94
(5.2-38)

17.18 ± 10.22
(5-53)

0.2

Sleep efficiency, % 83.19 ± 10.65
(51-98)

83.98 ± 10.64
(52-100)

83.18 ± 11.80
(44-98)

0.9 85.26 ± 9.59
(57-98)

86.89 ± 10.17
(57-99)

87.49 ± 9.78
(52-98)

0.3

% Slow wave sleep 8.98 ± 10.41
(0-43)

9.87 ± 9.49
(0-34)

10.14 ± 9.63
(0-41)

0.7 8.41 ± 7.12
(0-27)

8.87 ± 9.48
(0-35)

7.83 ± 8.90
(0-41)

0.7

% REM sleep 20.65 ± 8.31
(1-42)

23.40 ± 7.99
(7-45)

22.84 ± 8.41
(3-43)

0.2 20.70 ± 6.71
(3-37)

22.15 ± 6.38
(8-32)

20.87 ± 8.22
(0-39)

0.6

*Mean ± standard deviation (range). 

Table 3—Adherence: cumulative dropout rate*

A-Flex
(N = 54)

CPAPAPAP
(N = 53)

CPAP
(N = 57)

P 
Value

Adherence at 90 Days
Mean < 2 h per night 11% (6) 8% (4) 13% (7) 0.7
Median < 2 h per night 11% (6) 8% (4) 13% (7) 0.7
Mean < 1 h per night 0% 2% (1) 5% (3) -

Adherence at 180 Days
Mean < 2 h per night 15% (8) 8% (4) 16% (9) 0.4
Median < 2 h per night 17% (9) 9% (5) 20% (11) 0.3
Mean < 1 h per night 2% (1) 2% (1) 7% (4) 0.4

*Percent (number).

Table 4—Adherence: mean hours of PAP use per night*

Duration
A-Flex

(N = 54)
CPAPAPAP
(N = 53)

CPAP
(N = 57) P

90 Days† 4.64 ± 1.89
(1.5-7.5)

4.72 ± 1.64
(0.03-7.4)

4.63 ± 1.88
(0.4-8.3)

> 0.9

180 Days 4.44 ± 1.98
(0.9-7.3)

4.63 ± 1.75
(0.03-7.85)

4.40 ± 2.02
(0.4-8.2)

0.8

*Mean ± standard deviation (range). †90 days includes days 2 to 90 and 
180 days includes days 2 to 180.
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cidence rates) of the most commonly 
reported AEs were cold/flu = 6 (0.046), 
sinus infection = 4 (0.031), and head-
ache/migraine = 3 (0.023). No adverse 
events appeared to be device related.

DISCUSSION
This is the first study to compare 

CPAP and A-Flex in a systematic and 
controlled manner. However, several 
studies have compared CPAP vs. vari-
able pressure (APAP),1-12 including a 
meta-analysis,23 and these studies have 
not shown significant advantages or 
benefits of APAP over CPAP, except 
for less subjective sleepiness and great-
er PAP use on APAP observed in one 
study.12 Some investigators have shown 
that for CPAP > 10 cm H2O

24 and for 
those with high within-night pressure 
variability,7 variable pressure devices 
may deliver better patient outcomes.24 
Additionally, one study showed signifi-
cantly improved adherence, excessive 
daytime sleepiness, and several FOSQ 
domains in patients after 15 days and 10 
weeks of Auto-BPAP use (with expira-
tory pressure relief) as a rescue therapy 
for optimally treated OSA patients with 
poor adherence to CPAP; however, there 
were no differences in respiratory or 
sleep parameters between groups.25

Additionally, there have been studies 
that have compared CPAP and C-Flex 
(Philips Respironics, Murrysville, PA), 
which is a comfort feature of PAP de-
livery, similar to that of A-Flex, in that 
it reduces the pressure at the start of 
exhalation and increases the pressure 
to therapeutic level for the latter part of 
exhalation and subsequent inhalation.26 
C-Flex did not show significant advan-
tages or benefits over CPAP,26-32 except 
for higher PAP adherence in one study.27 
In a recently completed three-month, 
double-blinded, parallel-arm random-
ized controlled trial comparing CPAP 
vs. C-Flex in 76 patients with severe 

OSA, the use of C-Flex did not result in greater adherence, and 
neither treatment appeared superior. However, both CPAP and 
C-Flex resulted in substantial improvements in sleepiness, vigi-
lance, and quality of life.26

In the present study, indices of sleep disordered breathing 
(AHI, average and minimum oxygen saturation, time spent 
below 90%) were significantly worse for A-Flex compared to 
CPAP at baseline (PAP Titration PSG); however, after 180 days 
of use, there were no significant differences between A-Flex and 
CPAP groups on these measures (except for minimum oxygen 
saturation) as well as other indices of sleep quality and quantity. 

showed less average leak at 90 and 180 days compared to those 
in the CPAP and CPAPAPAP groups (Table 7). However, there 
were no significant differences in minutes of large leak, which 
were collected and recorded daily, and then calculated by aver-
age value over the time period within participant (Table 7).

Safety Analyses
There were 22 adverse events (AEs) in the A-Flex group, 

12 in the CPAPAPAP group, and 14 in the CPAP group, all of 
which were self-limited and resolved by the end of the study. 
There were no serious AEs (SAEs), and the number (and in-

Table 5—Visual analog scale (VAS) ratings for sleep quality, mask comfort, and treatment satisfaction 
and benefit

A-Flex CPAPAPAP CPAP
Visit Interval N Mean ± SD N Mean ± SD N Mean ± SD P

Sleep Quality1

30 Days 53 60.4 ± 21.1 51 63.9 ± 17.3 53 66.6 ± 16.7 0.2
90 Days 51 61.2 ± 23.1 46 70.2 ± 16.1 51 64.3 ± 18.7 0.053
180 Days 46 64.7 ± 18.7 47 72.8 ± 15.1 47 66.5 ± 21.1 0.056

Satisfaction2

30 Days 53 60.1 ± 19.7 51 67.5 ± 18.4 53 69.4 ± 16.5 0.03
90 Days 51 65.4 ± 22.0 46 69.8 ± 17.1 51 69.7 ± 17.4 0.3
180 Days 46 63.5 ± 22.0 47 71.0 ± 16.2 47 71.6 ± 16.1 0.03

Comfort3

30 Days 53 50.8 ± 21.5 51 57.9 ± 20.5 53 53.9 ± 18.9 0.2
90 Days 51 53.8 ± 25.1 46 61.0 ± 15.0 51 59.2 ± 18.3 0.2
180 Days 46 54.7 ± 21.7 47 60.1 ± 14.7 47 60.6 ± 17.9 0.1

Benefit4

30 Days 53 66.3 ± 24.6 51 70.4 ± 16.9 53 73.1 ± 16.2 0.2
90 Days 51 68.0 ± 24.5 46 77.0 ± 13.2 51 71.9 ± 16.2 0.046
180 Days 46 70.8 ± 24.2 47 79.3 ± 10.5 47 77.4 ± 15.6 0.02

No VAS was obtained at baseline (PAP Titration PSG). 1Question: “In the last month, how well did you 
sleep?” 0 = poorly to 100 = very well. 2Question: “How do you like your therapy?” 0 = very unlikable 
to 100 = very likable. 3Question: “In the last month, how do you rate the overall comfort of the mask?” 
0 = very uncomfortable to 100 = very comfortable. 4Question: “How do you rate the benefit of your 
treatment?” 0 = no benefit to 100 = large benefit.

Table 6—Post hoc adherence data excluding good early adherers (≥ 5 hours in week 1)

Adherence Excluding Good Early Adherers A-Flex CPAPAPAP CPAP P Value
Number (% Total) for Those < 5 hours in Week 1 26 (48%) 20 (41%) 22 (41%)

Adherence: Mean Hours of PAP Use per Night, Mean ± SD
90 Days* 3.21 ± 1.39 3.46 ± 1.34 3.49 ± 1.85 0.8
180 Days* 3.05 ± 1.55 3.48 ± 1.46 3.18 ± 2.00 0.7

Adherence: Dropout Rate 90 days, Percent (Number)
Mean < 2 h per night 23% (6) 15% (3) 23% (5) 0.8
Median < 2 h per night 23% (6) 15% (3) 27% (6) 0.7
Mean < 1 h per night 0% 5% (1) 14% (3) 0.1

Adherence: Dropout Rate 180 days, Percent (Number)
Mean < 2 h per night 31% (8) 15% (3) 32% (7) 0.4
Median < 2 h per night 35% (9) 15% (3) 41% (9) 0.2
Mean < 1 h per night 4% (1) 5% (1) 18% (4) 0.3

*90 days includes days 2-90 and 180 days includes days 2-180.
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Limitations of this study included the relatively restricted 
battery of tests that could be accommodated during the par-
ticipant visits as a tradeoff to minimize participant burden. 
Besides the psychomotor vigilance task (PVT), other objective 
measures of vigilance/alertness (e.g., maintenance of wakeful-
ness test [MWT]) could have been assessed; however, studies 
comparing CPAP and C-Flex failed to find a difference between 
groups for both the PVT and MWT. Lastly, this study does not 
necessarily reflect routine clinical practice due to the close 
monitoring and comprehensive nature of the follow-up of par-
ticipants in this study; these factors may have played important 
roles in the lack of differences between groups.

In conclusion, this randomized controlled trial demonstrated 
APAP with A-Flex did not show differences in efficacy, adher-
ence, or functional outcomes, with the exception of average 
leak values, compared to CPAP for up to 6 months. Overall, 
these findings are rather perplexing in light of anecdotal clinical 
experience. Given this era of emphasis on comparative effec-
tiveness research, these findings nonetheless question the use 
of the newer, potentially more expensive A-Flex device over 
regular CPAP. However, there does exist evidence that selected 
populations might benefit from A-Flex who were not tested in 
the current study7,24,33,36; in the future, populations that might be 
considered for further study include those who develop early 
pressure intolerance, have more severe OSA,36 are morbidly 
obese,33 require higher pressures,24 or have high within-night 
pressure variability.7 Until that time, since there was no indi-
cation that either treatment was superior, patient and prescrib-
ing physician preference will undoubtedly continue to dictate 
choice of use for these devices.
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This indicates that long-term use of A-Flex is compa-
rable to that of CPAP with respect to control of sleep 
disordered breathing and improvement in measures of 
sleep. The higher AHI reported in this study at baseline 
for A-Flex vs. CPAP was also observed after 6 weeks 
of APAP vs. CPAP use in a separate study.12 Contrary 
to our study, APAP was found to deliver a significantly 
lower 95th percentile pressure than CPAP; however, 
the patient population differed from ours in that they 
were morbidly obese.33 A-Flex did have a significant 
advantage over CPAP with respect to average leak val-
ues (but not in the average of minutes of large leak), 
after both 3 months and 6 months. Paradoxically, this 
decrease in leak values was not reflected in measures 
of differences between groups in severity of sleep dis-
ordered breathing.

There were no significant differences between im-
provement in subjective sleepiness, objective vigi-
lance, blood pressure, and quality of life during the 
study for participants in A-Flex vs. the CPAP groups 
(i.e., CPAP and CPAPAPAP groups). These results are similar to 
those reported in prior studies comparing APAP and CPAP,1-

12 though some endpoints like blood pressure have not been 
comprehensively studied.34 Besides these outcomes, there were 
no major efficacy, adherence, and other outcome differences 
between A-Flex and the CPAP groups. The main protocol dif-
ference between the CPAP and CPAPAPAP groups was that the 
CPAPAPAP group was switched to CPAP 14 days following the 
APAP titration study. Given that the participants in the CPAPA-

PAP group spent the majority of their time on a single fixed pres-
sure, it is not surprising that there were no major differences in 
the study results between the CPAP and CPAPAPAP groups. Nev-
ertheless, this study reveals that comparable data from efficacy, 
adherence, and outcome measures can be obtained regardless 
if patients are titrated by either APAP or CPAP titration PSG.

Initially, participants using CPAP had significantly more 
positive attitudes toward their treatment compared to those 
using A-Flex at baseline (PAP Titration PSG) and at 30 days, 
but these differences were not apparent at later visits, and there 
were no significant differences for attitudes toward use (expec-
tations and importance) between the groups. Participant ratings 
for A-Flex on treatment satisfaction and benefit were signifi-
cantly worse compared to those for CPAP, but there were no 
significant differences between groups for sleep quality and 
mask comfort. The reasons for these differences are unclear, 
and contrary to expectations.

The level of treatment adherence is an important factor for 
studies on CPAP; other studies have demonstrated that CPAP-
related education and close monitoring of participants with 
OSA significantly improved CPAP adherence.35 Use of A-Flex 
did not convey advantages over CPAP in adherence; partici-
pants were equally adherent to A-Flex and CPAP devices with 
respect to mean hours of PAP use per night and dropout rate 
throughout the study. No significant changes were observed 
when poor, early adherers were compared between groups for 
these measures of adherence. There were no differences be-
tween groups for adherence outcomes, and the close monitoring 
of participants throughout the study may have played a major 
role in this level of adherence among all participants.

Table 7—Pressure and leak data for treatment groups

A-Flex CPAPAPAP CPAP P Value
Pressure

Titration 10.7 ± 2.8 (54) 10.6 ± 3.0 (53) 10.8 ± 2.7 (57) 0.8
14 Days 10.8 ± 3.0 (54) 9.7 ± 3.0 (52) 10.6 ± 2.7 (55) 0.06
90 Days 10.2 ± 2.9 (49) 9.7 ± 2.8 (46) 10.4 ± 2.6 (51) 0.2
180 Days 9.9 ± 3.0 (44) 9.6 ± 2.8 (46) 10.7 ± 2.3 (44) 0.04*

Average Leak Values (l/min)
90 Days 32.0 ± 10.4 (54) 36.8 ± 7.2 (53) 38.3 ± 12.6 (56) 0.005†

180 Days 30.3 ± 10.8 (54) 35.4 ± 7.8 (53) 36.5 ± 12.8 (56) 0.007†

Average Minutes of Large Leak (Per Day)
90 Days 4.8 ± 8.5 (54) 5.5 ± 7.9 (53) 13.2 ± 29.3 (56) 0.2
180 Days 5.1 ± 8.6 (54) 5.0 ± 7.4 (53) 13.5 ± 30.4 (56) 0.3

Numbers in parentheses indicate numbers of participants. *CPAPAPAP and CPAP 
are significantly different. †A-Flex shows significantly lower average leak values as 
compared to both CPAPAPAP and CPAP at 90 and 180 days.
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