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Abstract
Purpose Continuous positive airway pressure (CPAP) is the
therapy of choice for the treatment of obstructive sleep
apnea (OSA). Not all patients can use CPAP therapy with
adequate compliance. There is a need to develop more
comfortable modes. Auto bi-level Pressure Relief-Positive
Airway Pressure (ABPR-PAP) can be an alternative. We
conducted a prospective double-blind, randomised trial to
evaluate the efficacy and compliance of ABPR-PAP
compared with CPAP in OSA patients.
Methods We included 35 CPAP naive patients (age 53.3±
10.3 years, BMI 31.0±5.0 kg/m2, ESS 10.0±4.2) diagnosed
with moderate to severe OSA who underwent a successful
CPAP titration. Patients were randomised into the CPAP or
the ABPR-PAP treatment group. We used the same device
(BIPAP® Auto, Philips Respironics) for CPAP or ABPR-
PAP. Apnea–hypopnea index (AHI) was determined using
polysomnography before (AHI 40.6±18.3 per hour) and
after treatment.
Results Eighteen patients received CPAP and the remaining 17
received APBR-PAP. Groups were similar in terms of demo-
graphics and OSA severity. There were no serious adverse
events during the trial. CPAP was fixed by a sleep expert and
ABPR-PAP varied (range 5–15 cmH2O). AHI decreased in the
CPAP group to 6.4±5.7 per hour and in the ABPR-PAP group

to 4.8±3.6 per hour in the first night (N=35). After 3 months,
the AHI decreased in the CPAP group to 4.4±5.3 per hour
and in the ABPR-PAP group to 2.6±3.8 per hour (N=32).
Differences between the groups were not statistically signif-
icant. There were no differences in compliance.
Conclusions ABPR-PAP is a promising new ventilation
mode that enables effective treatment of OSA patients.
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Introduction

Nasal continuous positive airway pressure (CPAP) is the gold
standard treatment for patients with obstructive sleep apnea
syndrome (OSAS). CPAP eliminates nocturnal breathing
difficulties, enhances sleep quality, reduces self-reported
sleepiness, improves quality of life and reduces cardiovascular
risk [1, 2]. Despite the proven value of CPAP, compliance has
been reported to be low [3, 4]. Predictors of poor compliance
include the development of side effects such as pressure
intolerance, mouth dryness or nasal congestion.

Technical advances in positive airway pressure (PAP)
therapies have led to the development of new modes of
therapy such as automatic and pressure relief technologies.
Although these technologies have been shown to be safe
and effective, no compliance or clinical benefits have been
demonstrated in CPAP-naive patients [5–7].

Bi-level PAP has been shown to be an effective
alternative to CPAP in patients with restrictive lung disease,
Cheyne–Stokes respiration, nocturnal hypoventilation syn-
dromes and in OSAS patients with pressure intolerance [8–
10].
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Automatic bi-level therapy with pressure relief (ABPR-
PAP: BiPAP® auto with Bi-Flex®; Philips Respironics Inc.
Murrysville, PA, USA) is a new automatic mode of bi-level
therapy that reduces the inspiratory pressure at end
inspiration and the expiratory pressure during early expira-
tion in relation to flow. These pressure adjustments may
further enhance comfort during the transition from the
inspiratory to expiratory phase and reduce expiratory effort.
An automatic, flexible mode of bi-level therapy is a
combination of validated technologies already being used
in routine clinical practice, and has been shown to be as
effective as CPAP at treating OSA in non-compliant
patients [11].

We hypothesised that ABPR-PAP would be as effective
as standard CPAP in treating OSAS, and that CPAP-naive
patients using ABPR-PAP chronically would demonstrate
higher compliance than those receiving CPAP. In order to
test this, we conducted a prospective randomised double-
blind comparison study comparing the efficacy of the
ABPR-PAP against standard CPAP and subjective and
objective compliance over 90 days of use in CPAP-naive
OSAS patients.

Methods

Subjects

Trial characteristics can be found in Fig. 1. This study was
approved by the ethics committee from Charité University
Hospital. Prior to their inclusion, patients with suspected
sleep apnea referred to our outpatient department underwent an
unattended ambulatory monitoring (not in hospital with no
medical professional present) using a portable diagnostic
system (Embletta®, Flaga hf, Reykjavik, Iceland). Those with
an apnea–hypopnea index (AHI) ofmore than 10 per hour, with
symptoms of excessive sleepiness and those with an AHI >20
per hour were subsequently referred for attended cardio-
respiratory polysomnography (PSG) in the sleep laboratory.

Thirty-five patients (34 men and 1 woman; age 54.2±
11.7 years; mean BMI 30.9±5.7 kg/m²) from the Center of
SleepMedicine, Charité-Universitätsmedizin Berlin aged 18 to
75 years with an AHI ≥15 per hour on PSG, BMI <45 kg/m²,
the ability to follow the study specific instructions and a
willingness to return for follow-up were consented into the
study. Patients were excluded if they had another sleep disorder

Assessed for eligibility (n=82)

Excluded  (n=47)
♦ Not meeting inclusion criteria (n=28)
♦ Declined to participate (n=19)
♦ Other reasons (n=0)

Analysed (n=17)

♦ Excluded from analysis (n=1)
Deviation from protocol time schedule 

Lost to follow-up (n=1)

Allocated to CPAP (n=18)
♦ Received allocated intervention (n=18)

♦ Did not receive allocated intervention (n=0)

Lost to follow-up (n=2)

Allocated to ABPR-PAP (n=17)
♦ Received allocated intervention (n=17)

♦ Did not receive allocated intervention (n=0)

Analysed (n=15)

♦ Excluded from (n=2)
Deviation from protocol time schedule

Randomized (n=35)

Fig. 1 Trial characteristics
according to consort guidelines
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such as narcolepsy, an acute or chronic cardiac or pulmonary
disorder, acute or chronic psychiatric or neurological disorder
or were abusing sleep-inducing agents, alcohol or drugs.
Patients who had previously used an OSA treatment, an
inability to wear a nasal mask due to claustrophobia or facial/
anatomic abnormalities and patients with suspected or con-
firmed central sleep apnea syndrome were also excluded.

Titration and polysomnography

After a single diagnostic night, patients underwent a daytime
CPAP training session at a constant pressure of 5 cmH2O
lasting 10 to 20 min. Several different masks and models of
interface were applied to find the optimum. A manual
titration was performed on the subsequent night, during
which pressure was increased in increments of 1 cmH2O
from a baseline level of 5 cmH2O in response to the
occurrence of apneas, hypopnoeas, oxygen drops below 3%
and respiratory-related arousals until the effective pressure
was reached. Following a successful titration (AHI <15 per
hour), patients were randomised to one of two treatments for
a 3-month period, ABPR-PAP or manually titrated CPAP.

PSG was performed during the manual titration on
therapy immediately after randomisation and after 12 weeks
of therapy using the Embla® (Flaga hf, Reykjavik, Iceland)
and Alice 5® (Philips Respironics, Inc Murrysville, PA,
USA) systems. Sleep stages were scored according to
Rechtschaffen and Kales by two experts to minimize intra-
scorer variability [12]. Every recording was scored just by
one scorer, randomly selected. The following PSG param-
eters were calculated: sleep latency, total sleep time (TST),
sleep efficiency and the percent of TST in sleep stages NREM-
I, NREM-II, SWS and REM. Arousals were scored with
durations of 3 to 15 s according to the ASDA criteria [13].
Apneas and hypopneas were scored according to standard
criteria [14]. Apnea was defined as a cessation of the oronasal
airflow for ≥10 s and hypopnea as a reduction in oronasal
airflow or thoraco-abdominal respiratory excursion by at least
50% for ≥10 s, if accompanied by a drop in oxygen of a
minimum of 3%, and/or terminated by an arousal.

Expected primary and secondary outcomes

Primary outcome

AHI was measured at diagnosis, titration and 12 weeks
of therapy.

Secondary outcomes

Daytime symptoms Measured by the Epworth sleepiness
scale (ESS) and the Pittsburgh sleep quality index (PSQI)
before diagnostic PSG and at 1, 4 and 12 weeks of therapy.

Compliance and therapy data Measured by assessment of
hours of therapy and delivered pressure measured at 1 and
12 weeks of therapy.

Blinding Patients were informed that they would receive
one of two different modes of PAP therapy. Both therapy
modes were provided by the same device (BiPAP® Auto
with Bi-Flex®; Philips Respironics, Inc Murrysville, PA,
USA). Devices were set by the study coordinators who de-
activated the LCD display so that the patient and
investigators did not become aware of device allocation.
The study coordinators were also responsible for random-
ising the patients, training them on the use of the device,
downloading the compliance data from the Encore Pro®
Smartcard (Philips Respironics, Inc Murrysville, PA, USA)
located in the side of the device and troubleshooting. The
investigator making and analysing the PSG recordings on
therapy and other outcome measures did not have access to
information from the therapy device within their PSG
montage.

There were no concrete information about characteristics
of these different PAP types in the informed consent.

Device When delivering ABPR-PAP, the pressure regu-
lates from the inspiratory positive airway pressure (IPAP)
level to the expiratory positive airways pressure (EPAP)
level at end inspiration (normal BiPAP® delivery) and an
additional pressure reduction is delivered in relation to
flow during early expiration (Bi-Flex®). The pressure
reduction may be regulated at a flow-dependent comfort
setting of 1, 2 and 3. When set to comfort setting 3, Bi-
Flex®softens the pressure transition from inhalation to
exhalation the most.

The automatic adjustments of EPAP and IPAPs are based
on continuous pneumotachographical measurements and
assessments of the respiratory-flow curve. The ABPR-PAP
system detects flow limitations, snoring, apneas, hypopneas
and leakage. The device adapts EPAP and IPAP therapeutic
pressures according to the detected results.

Device setup Manually titrated CPAP was set at the
effective pressure from the titration night. ABPR-PAP
devices were set to deliver a minimum EPAP of 5 cmH2O,
a maximum IPAP of 15 cmH2O and a minimum delta of
3 cmH2O. The resulting IPAP and EPAP windows were 8–
15 and 5–12 cmH2O, respectively. Bi-Flex® pressure relief
was set to its maximum level (level 3). Patients were given
verbal and written instructions on how to use their
equipment before returning home.

Daytime symptoms The ESS and PSQI were completed
before the diagnostic PSG and at 1, 4 and 12 weeks of
therapy. The PSQI is a standardized self-administered
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questionnaire for the assessment of subjective sleep quality.
The PSQI showed adequate reliability and good validity
[15].

Compliance and therapy data Assessment of hours of
therapy use and the delivered pressure was obtained at 2
and 12 weeks of therapy from the Encore Pro® Smartcard
located in the side of the machine.

Follow-up Subjects were examined at 2 weeks. Twelve
patients who had not used their therapy for greater than
4 h per night on at least 70% of nights received
standard clinical interventions to improve compliance
(education, counseling, change of mask and if not
already present, heated humidification). Medications
were prescribed to treat allergic or nasal symptoms as
appropriate. Patients were also encouraged to call the
study coordinator if further difficulties were encoun-
tered. Heated humidification was routinely offered
during each contact with the patient. Fifteen patients
needed heated humidification (8 in the CPAP group, 7
in the ABPR-PAP group).

At the end of the 12-week trial, all subjects returned to
have their compliance and pressure data downloaded,
complete the ESS and PSQI and undergo a PSG control
night unless lost to follow-up. Subjects were then trans-
ferred back into clinical practice for the routine manage-
ment of their OSAS.

Statistical analysis This study was designed to collect pilot
data; therefore, no power calculation was performed. Data
was checked for normality and presented as appropriate. We
compared PSG parameters at baseline and the two follow-
up PSG recordings, and therapy effectiveness (compliance
and questionnaires) using paired t tests in SPSS 15.0 (SPSS
Inc.).

Results

Thirty-five patients participated in the study: 18 patients
received manually titrated CPAP and 17 patients ABPR-
PAP. The patients were middle-aged, obese and suffered
from severe OSAS. There were no differences between the
groups on these variables or their sleep characteristics at
baseline (Table 1).

Efficacy

At the first follow-up PSG recording (night 1), the mean AHI
decreased to 6.4±5.7 per hour and 4.8±3.6 per hour in the
manually titrated CPAP and ABPR-PAP groups, respectively.
The difference in AHI between the groups was not statistically
significant (p=0.352) and sleep characteristics were similar.
Thirty-two patients completed the 90-day trial, 17 of which
received manually titrated CPAP and 15 patients ABPR-PAP.
There were three dropouts whom declined to use their PAP
device further and did not return for follow-up. Mean follow-
up occurred at 92.9 and 89.4 days in the CPAP and ABPR-
PAP groups, respectively. Mean therapeutic pressure, in the
ABPR-PAP group mean of the 90th percentile, over the
study period was 9.5±1.3 cmH2O in the manually titrated
CPAP group and 11.7±2.2 cmH2O (IPAP)/8.7±2.2 cmH2O
(EPAP) in the ABPR-PAP group. At the second follow-up,
PSG recording (week 12), the mean AHI had decreased
further in both groups to 4.3±5.3 per hour and 2.5±3.8 per
hour. The difference in AHI between the groups was not
statistically significant (p=0.256) and sleep characteristics
were similar (Table 2).

Compliance and daytime symptoms

Compliance over the 90-day treatment period was similar
between the two groups. Ninety-four percent of patients

Table 1 Demography and
diagnostic polysomnographic
data of patients receiving auto
bilevel pressure relief - positive
airway pressure ventilation
therapy (ABPR- PAP group) and
patients receiving continuous
positive airway pressure
ventilation therapy (CPAP
group)

CPAP ABPR-PAP Significance
Number of patients 18 17

Age [years] 51.2±10.9 55.6±10.8 0.241

Body mass index [kg/m2] 31.3±5.4 30.7±4.7 0.701

Apnea hypopnea Index [1/h] 41.8±21.2 39.3±15.2 0.396

TST [min] 372.8±54.2 372.6±65.0 0.993

SL [min] 27.6±32.6 27.2±30.3 0.971

NREM 1 [%] 22.3±13.1 29.5±10.9 0.107

NREM 2 [%] 44.8±11.4 41.8±10.1 0.475

NREM 3 [%] 8.9±4.8 10.3±5.8 0.575

NREM 4 [%] 8.6±8.9 5.2±7.1 0.248

REM [%] 16.0±5.3 15.0±7.1 0.737

Arousal [/h] 14.5±21.5 18.6±16.6 0.530
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used their device on at least 80% of days. Compliance was
essentially determined within the first 2 weeks of treatment.
There were no group mean differences between compliance
at 2 weeks versus 90 days for CPAP versus ABPR-PAP,
respectively—no differences in percentage of days used
(96.4% vs. 95.2%), percentage of days with more than 4 h
of use per night (79% vs. 80.5%) and average hours of use
per night (5.6 vs. 5.3 h). Seventeen patients required added
humidification. The ESS demonstrated statistically signifi-
cant improvements from baseline to follow-up (p=0.001)
for both groups without in-group differences (Table 3).

Discussion

Improving tolerance and compliance to PAP therapy to
reduce symptoms and mortality [16] is one of the main
driving forces for the development of new technologies in
this field. An automatic, flexible mode of bi-level therapy is
a combination of validated technologies already being used
in routine clinical practice; however, the efficacy and

clinical benefits of these combined technologies has not
been previously demonstrated. The data presented shows
that in uncomplicated CPAP-naive OSAS patients, ABPR-
PAP is as effective as standard CPAP but does not improve
compliance or daytime symptoms over a 90-day period.

ABPR-PAP therapy was as effective as manually titrated
CPAP on the first night (4.8±3.6 per hour and 6.4±5.7 per
hour, respectively) and after 12 weeks of treatment (2.5±
3.8 per hour and 4.3±5.3 per hour, respectively). The
residual AHI on ABPR-PAP is also similar to that reported
on APAP [17, 18] and a Bi-Flex® precursor in a traditional
bi-level device [19].

ABPR-PAP did not improve compliance or daytime
symptoms over the 90-day treatment period; however, the
compliance levels in the CPAP group were already high (>5 h)
making it unlikely that the additional comfort of ABPR-PAP
would lead to higher compliance and clinical benefits. Further
research is required to determine which sub-groups of OSAS
patients will benefit most from this therapy. Candidates
include those with low compliance due to a high therapeutic
pressure (>15 cmH2O) and/or side effects.

It may well be that pressure-related complaints do not
occur with great enough frequency to show an overall
benefit for a study group of patients that are unselected for
this attribute. Complaints of nasal and pharyngeal symp-
toms and lack of subjective perceived benefit from
treatment tend to represent more common reasons for
non-compliance [20]. Proponents of PR-CPAP cite the
considerable face validity of their hypothesis (patients
should tolerate CPAP better if the pressure being exhaled
against is lower), but the literature thus far does not
consistently support this theory.

Table 2 Comparison of sleep data and pressure between continuous
positive airway pressure ventilation (CPAP) and auto bi-level pressure
relief-positive airway pressure ventilation therapy (ABPR-PAP group)

for baseline and after 12 weeks from 35 patients receiving positive
pressure ventilation

CPAP ABPR-PAP Significance 12 weeks CPAP 12 weeks ABPR-PAP Significance
No. of patients 18 17 17 15

AHI [1/h] 6.4±5.7 4.8±3.6 0.352 4.3±5.3 2.5±3.8 0.256

CAI [1/h] 1.4±2.2 1.2±1.4 0.703 0.7±1.3 0.7±1.3 0.731

TST [min] 342.4±108.5 345.3±58.9 0.886 305.5±154.5 311.5±144.1 0.909

SL [min] 18.2±12.0 28.9±28.0 0.997 24.5±32.1 26.2±33.7 0.881

NREM 1 [%] 19.7±14.0 15.8±10.9 0.560 16.9±10.6 18.7±7.4 0.544

NREM 2 [%] 42.6±8.4 41.1±9.6 0.359 40.7±8.7 48.3±10.4 0.294

NREM 3 [%] 10.0±3.6 12.5±5.8 0.404 14.1±9.2 12.9±6.5 0.795

NREM 4 [%] 9.8±8.9 10.3±10.1 0.609 10.9±11.3 3.7±6.8 0.065

REM [%] 19.2±8.4 21.0±6.2 0.721 17.0±8.0 16.5±6.0 0.961

Arousal [/h] 8.5±9.7 9.2±8.2 0.211 10.7±12.2 9.6±4.5 0.455

CPAP [cmH2O] 9.5±1.3 – 9.5±1.3 –

IPAP [cmH2O] – 12.2±2.1 – 11.7±2.2

EPAP [cmH2O] – 9.1±2.3 – 8.7±2.2

Table 3 ESS, PSQI and compliance data for baseline and after
12 weeks from 32 patients

Baseline 12 weeks
CPAP

12 weeks
ABPR-PAP

ESS 10.2±3.5 6.8±3.7* 7.6±2.0*

PSQI 6.4±3.0 3.9±2.6* 4.1±2.7*

Compliance [h/day] – 5.6±1.0 5.3±1.5

*p=0.001, significant change from baseline
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A recent meta-analysis [5] demonstrated that APAP
treatment does not result in higher compliance than CPAP.
By contrast, there are only a limited number of studies
investigating the effects of flexible PAP modes. In his
pioneering study, Aloia and co-workers showed higher
compliance in CPAP-naive OSAS patients using C-Flex®
over a 3-month period that equated to 1.7 h greater use per
night [21]; however, this was not a randomised study as
patients received the mode of therapy that was available at
the time of therapy allocation. By contrast, Nilius et al. in
the first randomised controlled trial investigating the effects
of C-Flex® against CPAP in PAP-naive patients did not find
any differences in objective or subjective compliance over
7 weeks of usage, although patients in the C-flex group
reported an improvement in oral dryness [6]. A third study
was recently published examining auto-titrating CPAP with
and without pressure relief in experienced CPAP users [22]
There was a subjective preference for the pressure relief
mode in this group of patients but only a non-significant
trend in terms of greater subjective comfort with the
pressure relief modality. Other outcome measures showed
no significant differences (e.g., AHI, sleep efficiency, mean
oxyhemoglobin saturation). Gentina et al. found over a 10-
week period in non-compliant CPAP patients the auto
device improved compliance and clinical outcomes; how-
ever, even though they showed a good AHI reduction
during BiPAP auto treatment, they did not validate how
effective the device was in reducing AHI against a control
[11].

Our study had a number of limitations. First, CPAP-naive
OSAS patients may not have been the correct patient
population to target an improvement in compliance with
ABPR-PAP; however, the primary outcome of our study
was to demonstrate the efficacy of this new technology, and
from this perspective, the selected patient population was
adequate. Patients were informed that they would receive
one of two different modes of PAP therapy, and it could be
suggested that some subjects might notice a difference
between CPAP and ABPR-PAP treatment. The 90-day
follow-up may have been insufficient to determine long-
term compliance benefits, however, in line with the data
from other studies [23, 24]. Compliance was established
within the first weeks of therapy for both treatments making
it unlikely that a longer-term follow-up would uncover any
differences in compliance.

The incidence of known and serious adverse device
effects was zero during the trial.

Conclusion

ABPR-PAP is as good as standard CPAP in CPAP-naive
OSAS patients but does not improve compliance or daytime

symptoms over a 90-day period. Further research is
required to determine which sub-groups of OSAS patients
will benefit most from this therapy.
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