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Obstructive sleep apnea (OSA) is highly prevalent, conser-
vatively estimated to affect 2%-4% of the middle-aged 

adult population in the United States.1 OSA is widely believed to 
contribute to impaired cognition,2 hypertension,3 cardiovascular 
disease,4 cerebrovascular disease,5 and increased risk for acci-
dents.6 The most effective therapy is continuous positive airway 
pressure (CPAP), which improved select signs and symptoms of 
OSA in several randomized, placebo-controlled trials.7,8 How-
ever, the efficacy of CPAP may be limited by poor compliance. 
It has been estimated that as many as 50% of OSA patients for 
whom CPAP is initially recommended are not using this therapy 
one year later.9 Common reasons for discontinuation include 
mask discomfort, nasal drying or irritation, and intolerance of 
the pressure.10

Numerous studies have evaluated the benefits of various inter-
ventions at initial CPAP set-up to improve acceptance and com-
pliance. Such interventions include intensified education and fol-
low-up programs,11 the addition of humidification to CPAP,12 and 
alternative pressure delivery systems.13 Gay and colleagues have 
recently reviewed in detail factors that can affect initial CPAP 
tolerance and adherence, and interventions that might improve 
initial CPAP efficacy.14 However, few studies have evaluated in-
terventions to improve CPAP compliance in OSA patients previ-
ously unable to comply with CPAP therapy.

We evaluated a two phase intervention program intended to im-
prove CPAP compliance in previously noncompliant OSA patients. 
The first phase assessed several standard interventions to improve 
CPAP comfort, while the second phase compared the efficacy of 
flexible bilevel positive airway pressure (BiFlex, Respironics Inc., 
Murrysville, PA) to standard CPAP. BiFlex differs from standard 
bilevel positive airway pressure (PAP) devices in that it allows re-
ductions of the late inspiratory and early expiratory pressures.15

METHODS and MATERIALS

Subjects

Potential candidates were adult patients (age >18 y) with OSA 
and a polysomnography (PSG) confirmed apnea-hypopnea index 
(AHI) of >10 events/h (established within 24 months prior to 
enrollment), who estimated their current average nightly CPAP 
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use was <4 h. Objective CPAP compliance monitoring was not 
required for enrollment and was not obtained from any candidate. 
Exclusion criteria included previous utilization of bilevel positive 
airway pressure; nocturnal supplemental oxygen therapy; cen-
tral sleep apnea; upper airway surgery since previous diagnostic 
PSG; facial dermatitis, eczema, and other facial skin disorders; 
psychiatric disorders; and other complicating medical conditions. 
The protocol was approved by participating institutional review 
boards, and patients provided informed consent before study en-
try.

Phase 1

Patients were first interviewed by a physician investigator (Fig-
ure 1). This visit addressed possible contributors to CPAP intoler-
ance: 1) Mask fit and size—if air leak or discomfort persisted after 
adjustment, an alternate mask was fitted and provided; 2) Nasal or 
oropharyngeal dryness—all patients were provided with a heated 
humidifier for use with CPAP; 3) Rhinitis or nasal congestion—
patients with clinically significant rhinitis were provided nasal 
rinse kits and/or nasal corticosteroid sprays; 4) All patients re-
ceived education and counseling about OSA and its therapy. 
This counseling session included a review of the previous sleep 
study results, education about the potential neurocognitive2 and 

cardiovascular3-5 risks associated with untreated sleep apnea, and 
a discussion about potential OSA therapy, with a focus upon the 
proven efficacy of CPAP therapy.7,8

Patients were then provided a loaner CPAP machine (REMStar 
Pro, Respironics Inc.), set to their previously recommended CPAP 
level and incorporating heated humidification plus compliance 
monitoring technology (Smart Card). After ≥2 weeks of therapy, 
CPAP compliance data were downloaded. Patients averaging >4 
h CPAP use per night were encouraged to continue CPAP use and 
discharged from the study. Patients averaging <4 h CPAP use per 
night were invited to enter phase 2.

Phase 2

Patients repeated a nocturnal PSG to titrate effective levels of 
both CPAP and BiFlex. Figure 2 demonstrates the pressure wave-
form modifications available in the BiFlex mode. PSGs were per-
formed using standard methodology.16 Studies were initiated as 
CPAP titration, beginning at 4 cm H2O. Pressure was increased 
to eliminate obstructive apneas and hypopneas, snoring, airflow 
limitation, and oxygen desaturation. Therapy was then switched 
to BiFlex mode, with a gain (“comfort setting”) of 2 (Figure 2) 
and inspiratory positive airway pressure (IPAP) and expiratory 
positive airway pressure (EPAP) both set to the previous effec-
tive level of CPAP. EPAP was reduced in 1-2 cm H2O decrements 
until obstructive apneas recurred, and then increased back to the 
minimum pressure eliminating apneas. IPAP was then increased 
to eliminate hypopneas, snoring, airflow limitation, and oxygen 
desaturation. As per standard clinical protocol, every effort was 
made to confirm both optimal CPAP and BiFlex settings during 
supine, REM sleep.

Patients were then provided a modified positive airway pres-
sure device (BiPAP Pro, Respironics Inc.) randomly set to either 
CPAP or BiFlex mode at appropriate pressure(s). Both patients 
and the investigators were blinded as to the specific mode as-
signed to each patient. Patients were interviewed after 1 week of 
therapy and made scheduled returns for reevaluation and down-
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Figure 1—Flow Chart Demonstrating Protocol Organization
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Figure 2—Comparison of BiFlex pressure profiles to standard bi-
level profile. Upward deflection corresponds to increased pressure 
during inspiration. BiFlex Off = standard bilevel profile. BiFlex = 1, 
gain or “comfort setting” of 1. BiFlex = 2, gain or “comfort setting” 
of 2. BiFlex = 3, gain or “comfort setting” of 3.
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load of compliance data 1 month and 3 months after initiation of 
therapy.

Measurements

During phase 1, we monitored CPAP compliance (average 
nightly use and percentage all nights used) and specific interven-
tions (CPAP mask change, addition of a heated humidifier, addi-
tion of nasal rinses and/or corticosteroid sprays). During phase 
2, we monitored CPAP/BiFlex compliance and impact of sleep 
upon daytime function as assessed by the Functional Outcomes of 
Sleep Questionnaire (FOSQ).17

Statistical Analysis

Acceptable compliance with therapy was defined as average 
nightly use ≥4 hours. Our primary hypothesis was that at the 3-
month time point during phase 2, the proportion of patients com-
pliant with therapy would differ between CPAP and BiFlex treated 
patients. With the assumption that a 20% difference in the pro-
portion of compliant patients between the two treatment groups 
would be clinically important, we calculated that to provide ≥80% 
power for a two-sided test of the null hypothesis at a Type 1 error 
rate (alpha level) of 5%, 93 patients in each therapy group would 
need to complete phase 2. Proportions of compliant patients were 
compared with a chi-square test. Secondary variables, including 
average daily use of therapy and increased hours of average daily 
use during phase 2 were nonnormally distributed, and these were 
compared using the Wilcoxon rank-sum test. Proportions of pa-
tients receiving specific interventions during phase 1 were com-
pared with chi-square tests. FOSQ scores were compared using 
the Wilcoxon rank-sum test. Linear regression analyses with base-
line demographic data (including age, gender, body mass index 
[BMI], previous AHI, prescribed level CPAP, and days elapsed 
from initial diagnosis) as independent variables and therapy daily 
use as dependent variables were also performed to study whether 
baseline characteristics were predictive of ultimate compliance. 
All data are reported as mean + standard deviation (SD), unless 
otherwise noted. To account for dropouts we analyzed on an in-
tent-to-treat basis. Statistical analysis was performed using SPSS 
(SPSS, Inc., Chicago, IL).

RESULTS

Phase 1

Prestudy calculations had projected a total enrollment of 232 
patients. However, due to difficulty identifying and enrolling ac-
ceptable candidates, study enrollment was terminated early. We 
therefore had a combined enrollment from the 3 sites (Denver, 
CO; Rochester, MN; Pittsburgh, PA) totaling 204 patients (131 
males, 73 females). Population demographics are demonstrated 
in Table 1. Table 2 demonstrates that 49 (24%) of the patients 
utilized CPAP >4 h daily during phase 1, whereas 155 (76%) re-
mained noncompliant. Combined interventions during phase 1 
included the addition of heated humidification in 36 (18%) of all 
patients, a new mask in 76 (38%) of all patients, and the addition 
of nasal washes and/or nasal corticosteroids in 69 (34%) of all pa-
tients. The only intervention that differed between the 2 outcome 
groups was the provision of a new mask, as 65 (86%) of all pa-
tients receiving a new mask remained CPAP noncompliant. Other 
patient characteristics (age, gender, BMI, previous AHI, CPAP 
level, previously estimated CPAP use, days from initial diagno-
sis) did not differ between compliant and noncompliant patients 
and were not predictive of CPAP compliance.

Phase 2

Of 155 patients who remained noncompliant from phase one, 
104 (67%; 71 males, 33 females) proceeded to phase 2. Fifty-
one patients declined to continue the study, primarily due to re-
luctance to continue with positive pressure therapy; 53 of those 
proceeding to phase 2 were randomly assigned to continue CPAP 
therapy, while 51 were randomly assigned to BiFlex therapy. Fig-
ure 3 illustrates the increases in mean daily use of CPAP (1.1 + 
2.1 h, NS) vs. BiFlex (1.7 + 1.7 hrs, p < 0.05) from the beginning 
to end of phase 2. Figure 4 illustrates that 25 (49%) patients as-
signed to BiFlex therapy were compliant with therapy after ≥90 
days of treatment, as opposed to only 15 (28%) of those assigned 
to continue CPAP (p = 0.03). Table 3 demonstrates that patients 
assigned to BiFlex had a higher mean daily usage (p = 0.03) and a 
greater increase from phase 1 in mean daily usage (p = 0.02) than 
patients assigned to CPAP.

Some patients in both arms discontinued their assigned therapy 
during phase 2, although none formally withdrew from the pro-
tocol. However, several of these patients did not complete the 
FOSQ at the conclusion of phase 2 (5 assigned to BiFlex, 10 as-
signed to CPAP). Eighty-nine patients completed FOSQs at both 
the beginning and conclusion of phase 2. Mean FOSQ total score 
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Figure 3—Mean daily therapy usage (h/day) at completion of phase 
1 and completion of phase 2 for patients randomly assigned to CPAP 
(left bars) or BiFlex (right bars) during phase 2. * p < 0.05, BiFlex at 
completion of phase 2 vs. BiFlex at completion of phase 1 and CPAP 
at conclusion of phase 2.
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Table 1—Population Demographics (n=204)

Age (years)	 52.7 + 12.2
Male (%)	 64
Bmi (kg/m2)	 34.2 + 8.7
Previous ahi (events/h)	 41.9 + 28.6
Prescribed cpap (cm h2o)	 9.1 + 2.3
Days from initial diagnosis
(Median; interquartle range)	 118 (61; 300)
Estimated daily use (hr)	 2.0 + 1.1

Values are mean + standard deviation, excepting days from initial 
diagnosis (nonnormal distribution).
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did not differ significantly at baseline between those assigned to 
CPAP (15.31 + 3.55) and BiFlex (14.22 + 3.27, p = 0.06). Ninety 
days of ongoing therapy was associated with an increase in mean 
FOSQ total score of 1.45 + 4.52 in the BiFlex treated group (p = 
0.0038), but a nonsignificant increase of only 0.45 + 4.42 in the 
CPAP treated group (p = 0.34). Mean FOSQ total scores were 
similar in the CPAP treated (15.76 + 4.00) and BiFlex treated 
(15.67 + 4.12) groups after 90 days of therapy.

DISCUSSION

We evaluated specific interventions in OSA patients previously 
intolerant of and/or noncompliant with CPAP therapy to deter-
mine if a comprehensive change in PAP approach can ultimately 
improve therapy compliance. Our findings suggest that standard 
interventions (mask refitting, heated humidification, adding nasal 
saline rinses and/or nasal corticosteroids) were modestly helpful, 
achieving subsequent tolerance and compliance in only 24% of 
patients restarted on CPAP therapy. A subsequent change to Bi-
Flex therapy yielded a significant advantage in treatment com-

pliance when compared to continuing standard CPAP (49% vs. 
28%). BiFlex therapy was also associated with improved func-
tional outcome, indicated by improvement in FOSQ score.

Early studies suggested that most CPAP-treated OSA patients 
were compliant, but such studies were based upon questionnaires 
and subjective reporting. Kribbs and colleagues used clandes-
tine compliance monitoring incorporated into CPAP machines to 
demonstrate that only 46% of treated OSA patients used CPAP ≥4 
hours nightly, 70% of all nights.18 More recent studies suggest that 
educational and supportive efforts focused upon problem solving 
yield long-term compliance rates ranging from 65% to 89%.19 It 
is unlikely that most OSA patients prescribed CPAP therapy re-
ceive such intensive efforts to promote CPAP acceptance, and it 
has been estimated that over 50% of patients started on CPAP 
may not be using this therapy 1 year later.9 Many such patients are 
ultimately referred to sleep specialists for further management, 
but little is known about the efficacy of reinitiating CPAP in pre-
viously noncompliant patients.

Phase 1 of the study assessed standard interventions previously 
demonstrated to improve compliance in OSA patients when ini-
tially treated with CPAP. Seventy-six percent of patients remained 
noncompliant after the minimum 2-week monitoring period, and 
no specific intervention was predictive of a better outcome. Con-
versely, we observed that changing to an alternate mask20 was 
associated with reduced compliance. This suggests that problems 
with specific masks were unlikely to be important determinants 
of initial noncompliance in our population, although patients fre-
quently focused upon general mask discomfort as a factor limit-
ing CPAP tolerance.

Addition of heated humidification had no detectable effect 
upon outcome, but this may reflect the fact that 82% of all pa-
tients had previously received heated humidification with their 
CPAP, thus limiting our intervention sample size. Inflammatory 
rhinitis is common in OSA patients,21,22 and recent studies sug-
gest that nasal corticosteroid therapy can improve OSA in both 
adults21 and children.23 We found no evidence that this interven-
tion improved compliance with CPAP, although the minimum 2 
week monitoring period for phase 1 may be too brief to demon-
strate a beneficial effect. As no specific directed intervention pre-

Figure 4—Percentage (%) of patients using CPAP or BiFlex therapy 
>4 h/day at the conclusion of phase 2 (left bars), and percent increase 
in therapy daily use from the completion of phase 1 to the comple-
tion of phase 2 for patients assigned to CPAP or BiFlex (right bars). 
* p < 0.05.
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Table 2—Outcomes from Phase 1 Interventions: Compliant (Cpap Use >4 H/day) vs. Noncompliant (Cpap Use <4 H/day)

	 Cpap >4 h/day	 cpap <4 h/day
N	 49 (24%)	 155 (76%)
Daily use @ 2 weeks (hr)	 5.8 + 1.4 *	 1.9 + 1.3
% Days used @ 2 weeks	 93.9 + 30.2	 62.6 + 42.1
Age (y)	 52.0 + 12.2	 54.6 + 12.3
Male (%)	 60	 66
Bmi (kg/m2)	 34.3 + 8.9	 34.0 + 8.1
Previous ahi (events/h)	 42.2 + 28.0	 40.6 + 30.5
Prescribed cpap (cm h2o)	 9.1 + 2.6	 9.1 + 2.2
Days from initial diagnosis (median; interquartile range)	 134 (53; 367)	 112 (64; 274)
Estimated entry use (h/day)	 2.1 + 1.1	 2.0 + 1.1
Changed mask	 11 (23%)	 65 (43%) *
Added heated humidity	 6 (13%)	 30 (20%)
Added nasal steroids	 15 (31%)	 54 (36%)
No intervention	 22 (45%)	 53 (34%)
One intervention	 19 (39%)	 63 (41%)
Two interventions	 7 (14%)	 32 (21%)
Three interventions	 1 (2%)	 7 (4%)

Values are mean + standard deviation, excepting days from initial diagnosis (non-normal distribution). * p < 0.0001

Interventions to Improve Compliance in Sleep Apnea
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dicted improved compliance, but all patients received education 
about OSA plus supportive counseling, it is likely that this latter 
intervention was an important contributor to the improved com-
pliance in 24% of previously noncompliant patients. However, it 
must be acknowledged that the specific content and structure of 
counseling may substantially affect subsequent compliance,24 and 
alternative approaches to education and counseling may be more 
or less successful.

Phase 2 of the study compared differing effects upon compli-
ance from changing to BiFlex or continuing standard CPAP for 
an additional 90 days. Two observations deserve comment. First, 
28% of patients previously noncompliant with CPAP therapy be-
came compliant with the same CPAP therapy after an additional 
90 days of treatment. This suggests that continued support of pre-
viously CPAP noncompliant OSA patients can ultimately lead to 
acceptable compliance. Second, patients assigned to BiFlex in 
phase 2 had a superior compliance rate after 90 days (49% vs. 
28%, p = 0.03), averaging a higher mean daily usage and a greater 
mean daily increase in usage from phase 1 than those assigned 
to CPAP. It is likely that this increased compliance with therapy 
accounts for the improvement in FOSQ score demonstrated in the 
BiFlex treated group.

Combined data from phases 1 and 2 indicate that 89 of 204 
(44%) of all patients reinitiated on CPAP and/or BiFlex therapy 
ultimately became therapy compliant. Of the 155 patients who 
remained noncompliant with CPAP after phase 1, only 104 pro-
ceeded to phase 2. It is likely that the other 51 patients received 
no further CPAP therapy, although some may have proceeded to 
alternative therapies such as oral appliances or surgery. Therefore, 
of 155 patients remaining CPAP noncompliant after phase 1, we 
ultimately achieved targeted CPAP or BiFlex compliance in only 
40 (26%) of these patients. Twenty-five of the newly compliant 
patients (16% of the total) had been assigned to BiFlex, while 15 
(10%) had been assigned to CPAP during phase 2.

Bilevel PAP therapy has been previously compared to CPAP in 
newly diagnosed OSA, and was not observed to yield better com-
pliance or symptom relief.13 More recently, Gay and associates 
assessed a prototype therapy to BiFlex, and found no clear ad-
vantage when compared to CPAP in newly treated patients.15 This 
was a relatively small study, with unusually high compliance rates 
with both modes of therapy. Aloia and colleagues subsequently 

reported improved compliance from the use of a similar pressure 
adaptation to CPAP, which also allows the reduction of pressure 
during early expiration (C-Flex, Respironics Inc.).25 However, a 
subsequent prospective, randomized crossover trial demonstrated 
no difference in compliance between conventional CPAP and 
pressure relief CPAP (C-Flex).26 We therefore hypothesized that 
BiFlex, which incorporates bilevel positive airway pressure with 
late inspiratory with early expiratory pressure relief, might be a 
more effective positive pressure mode for patients who remain 
noncompliant with conventional CPAP, despite standard inter-
ventions to correct perceived problems with this mode of therapy. 
Our findings appear to confirm this hypothesis.

When considering our results, one must consider potential 
limitations of our study design. First, it must be emphasized that 
the design of this study does not allow us to make any conclusion 
regarding the relative merits of BiFlex vs. standard bilevel PAP. 
Standard bilevel PAP was not a treatment option in our study. 
Although previous studies found no advantage to standard bilevel 
PAP13 or BiFlex15 when compared to CPAP in newly diagnosed 
OSA patients, the current study has a very different objective 
and design. We therefore cannot speculate whether the improved 
compliance in our BiFlex treated group resulted from the standard 
bilevel PAP mode, the BiFlex–specific pressure reductions during 
late inspiration and early expiration, or a combination of these 
features. Given this limitation and the relatively small size of the 
current study, we believe that a larger study designed to also com-
pare standard bilevel PAP with BiFlex is clearly warranted.

Second, our study enrolled a diverse group of patients. A me-
dian of 118 days had elapsed since diagnosis, with a very large 
interquartile range (Table 1). The majority of patients had already 
returned the CPAP systems provided to them after their initial 
diagnosis. Separate analyses confirmed that duration of OSA di-
agnosis was not predictive of outcome in either phase 1 or 2 of 
the study, and did not differ between compliant and noncompliant 
patients during either phase 1 or 2. This suggests that patients 
were as likely to benefit from these interventions irrespective of 
time elapsed after the initial diagnosis.

Third, mean FOSQ total scores increased significantly during 
phase 2 only in the group assigned to BiFlex. There was no sta-
tistical difference in mean FOSQ total scores at baseline between 
those assigned to CPAP and BiFlex, but the numerical difference 

Table 3—Outcomes from Phase 2: Cpap vs. BiFLEX

	 BiFLEX	 CPAP
N	 51	 53
Age (y)	 51.9 + 11.3	 52.5 + 12.5
Male (%)	 65	 72
Bmi (kg/m2)	 33.4 + 7.9	 32.6 + 6.3
Previous ahi (events/h)	 40.4 + 23.4	 44.0 + 26.1
Recommended cpap
(Cm h2o)	 9.2 + 2.9	 9.1 + 2.6
Recommended BiFLEX (inspiratory/
   Expiratory pressure - cm h2o)	 10.9 + 2.3/6.9 + 2.1	 11.0 + 2.8/7.2 + 2.5
 # Using >4 h/day (%)	 25 (49%) *	 15 (28%)
Daily use (h/day)	 3.7 + 2.0 *	 2.9 + 2.3
% Days used during phase 2	 70.9 + 23.2	 63.5 + 35.0
Increased daily use from phase 1 (h/day)	 1.7 + 1.7 *	 1.1 + 2.1
Daily use (h/day) in therapy compliant subgroups	 5.4 + 1.1	 5.7 + 1.2

Values are mean + standard deviation. * p < 0.05
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was nearly significant (p = 0.06). One possible interpretation is that 
those subjects randomly assigned to the BiFlex treatment group 
could have had greater baseline impairment of their daytime func-
tion from untreated OSA, and may have therefore been more moti-
vated to comply with subsequent therapy. However, there were no 
differences in OSA severity or demographics between the CPAP 
and BiFlex groups, and this interpretation remains speculative.

Finally, although patients were randomly assigned in a dou-
ble-blinded fashion to either CPAP or BiFlex during phase 2 of 
the study, all patients had been treated previously with CPAP in 
an unblinded fashion. It is therefore possible that subjects may 
have been able to perceive the presence or absence of a changed 
pressure waveform during phase 2, which may have alerted them 
to their assigned therapy. We know of no way to correct for this 
potential limitation, but the minimum 90-day follow-up during 
phase 2 suggests that final outcomes are not necessarily a result of 
transient exposure to a novel pressure waveform.

In conclusion, a 2 phase intervention program is a useful ap-
proach to improve CPAP compliance in previously noncompli-
ant CPAP patients. The first phase should focus upon standard 
interventions to improve CPAP comfort, with an emphasis upon 
education about OSA and supportive counseling. Although the 
design of our study precludes any conclusion regarding the rela-
tive merits of BiFlex vs. standard bilevel PAP, patients remaining 
noncompliant after such interventions may then be considered for 
alternative forms of pressure therapy, including flexible bilevel 
positive airway pressure. Larger studies should be conducted to 
allow specific comparisons between BiFlex and standard bilevel 
PAP in this role.
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Abbreviations

Apnea-hypopnea index - AHI
Body mass index - BMI
Continuous positive airway pressure - CPAP
Expiratory positive airway pressure - EPAP
Flexible bilevel positive airway pressure - BiFlex
Functional Outcomes of Sleep Questionnaire - FOSQ
Inspiratory positive airway pressure - IPAP
Obstructive sleep apnea - OSA
Polysomnography - PSG
Positive airway pressure - PAP
Standard deviation - SD
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