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Abstract
Background—Obstructive sleep apnea (OSA) is prevalent in patients with heart failure. Treatment
with continuous positive airway pressure (CPAP) improves systolic function in patients with heart
failure. Bilevel positive airway pressure (PAP) is another treatment modality for OSA. The
intermediate-term effect of bilevel PAP on left ventricular ejection fraction (LVEF) in patients with
stable heart failure and OSA has not been compared to the effect of CPAP.

Methods—In this pilot randomized controlled trial, patients with stable systolic dysfunction and
newly diagnosed OSA (n = 24) were randomized to receive either CPAP or bilevel PAP. Titration
was done in the sleep laboratory using a CPAP-based algorithm. Primary outcome was the
improvement in LVEF after 3 months of treatment. Other measurements included 6-min walk test,
Epworth sleepiness scale score, and the Minnesota Living With Heart Failure questionnaire.

Results—Bilevel PAP increased LVEF 7.9% (LVEF percentage scale) more than CPAP (95%
confidence interval [CI], 2.3 to 13.4; p = 0.01). In the bilevel PAP group, LVEF increased 8.5% (95%
CI, 3.7 to 13.4; p = 0.002). In the CPAP group, LVEF did not change significantly (0.5%; 95% CI,
− 2.7 to 3.7; p = 0.7). The difference in LVEF improvement between the two groups was still
significant after adjustment for adherence, level of treatment positive pressure, body mass index, and
severity of OSA.

Conclusion—This pilot randomized controlled trial suggests that bilevel PAP is superior to CPAP
in improving LVEF in patients with systolic dysfunction and OSA. Larger trials are required to
evaluate the mechanism behind this effect.
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Obstructive sleep apnea (OSA) is present in 9 to 24% of middle-age adults.1 The severe
cardiovascular impact of OSA is increasingly recognized.2–4 OSA has a strong etiologic
relation with hypertension5,6 and worsens BP control.7,8 Patients with OSA are at increased
risk for atrial fibrillation9,10 and recurrence of atrial fibrillation after cardioversion.10 OSA
increases the risk for coronary artery disease11,12 and worsens coronary artery disease
outcomes.13–15 OSA may be independently responsible for a significant increase in fatal and
nonfatal cardiovascular events.4,16 The prevalence of OSA is even higher in patients with heart
failure,17,18 and its impact on morbidity and mortality may be more severe.2–4,19

Treatment with continuous positive airway pressure (CPAP) reverses the negative
cardiovascular consequences of OSA.2–4 CPAP improves control of hypertension and reduces
the risk of fatal and nonfatal cardiovascular events.2–4 In patients with heart failure and OSA,
CPAP improves sympathetic activity,20–22 cardiac sympathetic tone,20–22 cardiac afterload,
23 and ventricular arrhythmia.24 Within several weeks of treatment with CPAP, patients with
heart failure and OSA have an improvement in systolic function and autonomic control.25,26

Along with traditional fixed-pressure CPAP, other positive pressure delivery modalities are
now available and commonly used for OSA in patients with and without heart failure. Newer
CPAP devices now deliver a variable pressure pattern with minor reduction in the expiratory
pressure.27 Bilevel positive airway pressure (PAP) is a positive pressure modality that delivers
two levels of pressure: higher during inspiration and lower during expiration. Bilevel PAP has
been compared to CPAP in the treatment of OSA in patients without heart failure.28 While
CPAP improves systolic function in patients with heart failure and OSA,25,26 the cardiac effect
of bilevel PAP has not been evaluated in the intermediateterm setting. Several studies evaluated
the cardiac effects of bilevel PAP after very short-term application,29–31 or in the acute setting
as a form of noninvasive ventilation for patients with acutely decompensated heart failure.32

It emerged from these studies that bilevel PAP was generally equivalent to CPAP in improving
the cardiac and respiratory dysfunction in the acute setting.29,30 In one nonrandomized trial,
Acosta et al33 demonstrated a significant and immediate effect of bilevel PAP on left ventricular
ejection fraction (LVEF) in stable outpatients with systolic dysfunction and no OSA. They
attributed the effect to reduction in afterload. In some studies34,35 comparing CPAP and bilevel
PAP for the treatment of acute heart failure, bilevel PAP was more effective in reducing
respiratory load than CPAP.

There were no intermediate- or long-term studies evaluating the effect of bilevel PAP on cardiac
function in patients with stable heart failure and OSA. As these newer positive pressure
modalities are increasingly used in patients with heart failure, it is important to determine, in
a pilot study, whether they differ in effect on cardiac function. We hypothesized that bilevel
pressure may be better tolerated and may reduce filling pressure less than CPAP, resulting in
superior improvement in left ventricular systolic function over time as measured by
echocardiography at 3 months. Therefore, we sought to compare the cardiac effects of a bilevel
PAP device to the current standard pressure modality, fixed CPAP, in the treatment of OSA
in patients with systolic dysfunction.

MATERIALS AND METHODS
Subjects

Patients with left ventricular systolic dysfunction, stable American Heart Association class II
or III, and newly diagnosed OSA were targeted for recruitment. Inclusion criteria were baseline
LVEF ≤ 45%; no hospitalizations or medication changes in the 3 months prior to enrollment;
and newly diagnosed OSA (diagnostic polysomnography with apnea-hypopnea index [AHI]
> 10/h; > 50% of total events obstructive). Additionally, adequate resolution of respiratory
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events with PAP titration was required. This was defined as reduction of AHI > 50% on the
titration night.

Exclusion Criteria
Exclusion criteria were as follows: (1) medical instability, including recent ischemic episode
or unstable angina, recent episode of acute heart failure (within past 6 months), concomitant
large hemispheric or brainstem stroke, and renal failure requiring dialysis; (2) long-term CPAP
or bilevel PAP therapy; (3) central sleep apnea or Cheyne-Stokes respiration; and (4) COPD
or need for supplemental oxygen. Patients were recruited from the Ohio State University (OSU)
Sleep Disorders Center.

The study took place from May 2005 to May 2007. The initial protocol planned on enrolling
30 patients. The sponsor withdrew funding after 24 patients were enrolled and already
randomized. This was due to a change in management, and it occurred before any results were
available. Randomization was by permuted blocks of 10, and stopping at 24 instead of 30
resulted in a slight difference in the number randomly assigned to bilevel PAP (n = 13) and to
CPAP (n = 11). The protocol was approved by the OSU Institutional Review Board.

Protocol
Patients with systolic dysfunction and OSA were recruited after baseline polysomnography.
Participants presented to the OSU Pulmonary Clinical Trials Office within 1 week of a positive
pressure titration sleep study to provide baseline measurement and receive their randomization
treatment device. Patients were provided with the same PAP device (BiPAP-Pro; Respironics;
Murrysville, PA). Patients randomized to the bilevel PAP arm received bilevel PAP with the
Bi-Flex (Respironics) feature activated on the machine. Patients randomized to CPAP received
fixed CPAP. Pressure level determination is discussed below. Using the same device for both
groups was intended to achieve double blinding of the patient and the investigators because
only the research coordinator was aware of the device assignment. Data entry was performed
by a coordinator who was blinded to patient randomization. The cardiologist interpreting the
echocardiograms was also blinded to patient assignment. The use of the same machine also
mitigated against any preconceived belief regarding superiority of either device that
participants may have had. The research coordinators contacted participants at regular 2-week
intervals and received their device card memory for regular download. Patients returned after
90 days of randomization for conclusion measurements.

Polysomnography—All patients underwent polysomnography twice. Baseline
polysomnography was standard nocturnal polysomnography performed in the OSU Sleep
Laboratory. The polysomnography montage (MedCare; Buffalo, NY) included airflow
measured by nasal pressure and oronasal thermistor. Thoracoabdominal wall movements were
measured by inductance plethysmography, arterial oxygen saturation was measured by pulse
oximetry; ECG, bilateral electrooculography, four channels of EEG, chin and tibial
electromyograms, and body position were all part of the montage. Scoring of respiratory events
in the polysomnography was in accordance to the event definitions provided by the American
Academy of Sleep Medicine (1999).36

Titration polysomnography was a clinical positive pressure titration study with a modified
titration algorithm. Continuous positive pressure was used for all patients on the titration night
and the titration-targeted elimination of apneas. Once apneas were eliminated, the pressure was
then increased to eliminate hypopneas followed by snoring. The sleep specialist generated both
CPAP and bilevel PAP prescriptions for every patient following the titration study. Pressure
determination was as follows: the lowest pressure required to eliminate apneas was used for
expiratory PAP (EPAP) level; the pressure required to eliminate hypopneas and snoring was
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used for either inspiratory PAP (IPAP) or CPAP levels. Patient who required bilevel PAP
during the titration night, at the technician’s discretion, were automatically disqualified from
enrollment. On the day of randomization, the research coordinator used either the CPAP or the
bilevel PAP prescription for device setup depending on the randomization.

Measurements
Cardiovascular—LVEF was measured using echocardiography. Baseline echocardiography
was accepted if it was obtained within 6 months of randomization; otherwise, it was obtained
at baseline before randomization. A conclusion echocardiogram was obtained on all patients
at 3 months after randomization. Additionally, a Minnesota Living With Heart Failure
(MLWHF) questionnaire was administered the day of randomization (again prior to
randomization) and 3 months after randomization. The technologist and echocardiographer
were blinded to device randomization.

Functional—A 6-min walk test and Epworth sleepiness scale (ESS) score were obtained at
baseline (prior to randomization) and at 3 months after randomization.

Adherence to Treatment—Adherence was determined by biweekly download of device
memory. Adherence was mainly expressed as average hours of nightly use in the 90 nights of
the study period.

Statistical Methods
To model the conclusion LVEF at 3 months, we used a linear mixed model (Proc Mixed; SAS
Institute; Cary NC) to account for baseline LVEF, which is almost identical to an analysis of
covariance approach.37 Our primary hypothesis test was based on a simple two-group model
(bilevel PAP vs CPAP) with 3-month and baseline LVEF (two-sided α = 0.05). Since this was
a randomized trial, no adjustment for other covariates was required. However, we planned on
performing adjustments for selected covariates as part of the sensitivity analysis. In particular,
we determined the impact of pressure and adherence differences on the bilevel PAP vs CPAP
effect.

Missing Data Strategy—One patient in the CPAP group did not return for the conclusion
visit, and subsequently no echocardiography was performed for this patient. We relied on the
missing-at-random assumption of Proc Mixed for primary analyses but also used last
observation carried forward in a sensitivity analysis.

RESULTS
Patient Characteristics

Participants were 24 patients with systolic dysfunction and newly diagnosed OSA. Table 1
details participant characteristics. Thirteen participants (6 women) were enrolled in the bilevel
PAP group, and 11 patients were in the CPAP group (4 women). All patients had LVEF ≤ 45%.
There were no apparent imbalances between the two groups in LVEF, weight, severity of OSA,
or baseline score on ESS score. All patients were followed up by the OSU Heart Failure
Program and were receiving optimal doses of angiotensin-converting enzyme inhibitors and
β-blockers. Table 2 details sleep characteristics in both groups on the baseline polysomnogram.

Comparison of Effects of Bilevel PAP and CPAP on Left Ventricular Systolic Function
Bilevel PAP increased LVEF by 7.9% (on the LVEF percentage scale) more than CPAP (95%
confidence interval [CI], 2.3 to 13.4; p = 0.01). In the bilevel PAP group, LVEF increased 8.5%
(95% CI, 3.7 to 13.4; p = 0.002). In the CPAP group, the LVEF change was not significant
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(0.5%; 95% CI, − 2.7 to 3.7; p = 0.7). Note that the CI for the CPAP change includes values
that are consistent with results of prior studies.25,26 Figure 1 provides the individual change in
LVEF in both groups. Table 3 summarizes the sensitivity analysis of the difference in LVEF
change between the two groups. After adjustment for baseline characteristics (severity of OSA
or body mass index [BMI]), the improvement in LVEF was still significantly greater in the
bilevel PAP group than in the CPAP group (6.3%; 95% CI, 0.9 to 11.8). The greater beneficial
effect of bilevel PAP over CPAP on LVEF was still present after adjustment for potential
mediating factors (level of positive pressure and adherence). Difference in LVEF improvement
of 7.9 was only slightly reduced to 5.9 (95% CI, 0.2 to 11.6) after adjustment for adherence
and pressure (Table 3). We expected that adjustment to these factors would explain some of
the superiority of bilevel PAP. Adjustments for other potential mediating variables (not
reported in Table 3), such as type of cardiomyopathy, change in ESS score, 6-min walk test
distance, or residual AHI did not explain the superior effect of bilevel PAP. Since the one
missing LVEF happened to be in the CPAP group, carrying forward the baseline value (zero
change) in a sensitivity analysis increased the superiority of bilevel PAP to 9.8. There were no
differences in the effect of both devices on BP and heart rate (Table 4).

Effect of CPAP and Bilevel PAP on Sleep Parameters
Both devices reduced AHI effectively. AHI reductions from baseline were 25.6/h in the CPAP
group and 33.6/h in the bilevel PAP group. There was no significant difference in the AHI
change between the two groups (p = 0.24). Adherence to the treatment device was slightly
higher in the bilevel PAP group but did not reach significance (Table 4). In the CPAP group,
the conclusion ESS score difference between the groups was 2.1 in favor of CPAP (p = 0.38).

Patients with CPAP required a fixed pressure of 8.4 ± 2 cm H2O. Patients randomized to bilevel
PAP required an average IPAP of 11 ± 3 cm H2O (± SE). Average EPAP in the bilevel group
was 8 ± 2.7 cm H2O, with an average pressure difference (IPAP – EPAP) of 3 ± 1 cm H2O.
As noted above, adjustment for the difference in pressure (IPAP and CPAP) did not explain
the superiority of bilevel PAP. Similarly, there was a slight difference in adherence in favor of
bilevel PAP (p = 0.46), but this also did not explain the superiority of bilevel PAP as noted
above.

There was a small to moderate (Pearson correlation = − 0.38) between the improvement in
MLWHF and the improvement in LVEF (p = 0.09). Adjustment for the change in MLWHF
did not explain the bilevel PAP effect.

DISCUSSION
This pilot randomized controlled trial compared the cardiac effect of bilevel PAP to CPAP in
patients with systolic dysfunction and OSA. Patients were randomized to 3 months of either
fixed CPAP or bilevel PAP. There were no apparent imbalances in baseline characteristics
between the two groups. LVEF improved significantly more in the bilevel PAP group than the
CPAP group. The change in LVEF was not significant in the CPAP group. This pilot study is
the first intermediate-term evaluation of the cardiovascular effects of bilevel PAP in patients
with heart failure and OSA.

This study does not provide a specific mechanism for the superior cardiac effect of bilevel
PAP. AHI was reduced to similar levels in both groups, with no significant difference in the
degree of AHI improvement. There was a non-significant increase in adherence in the bilevel
PAP group, but this did not explain the superior effect of bilevel PAP on LVEF. We had
expected that the difference in LVEF effect between bilevel PAP and CPAP may be explained
by a combined effect of both adherence and the level of positive pressure used. Adjustment
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for both of these factors did not explain the bilevel PAP effect. These results suggest a unique
effect of bilevel PAP that is not available with continuous pressure.

The immediate- and short-term cardiovascular effects of CPAP are better understood than those
of bilevel PAP. Administration of CPAP in patients with severe decompensated heart failure
reduced left ventricular filling pressure,34,38 and mitral regurgitation,32 and increased LVEF.
34,38 Also, within 2 h of administration, CPAP improves systolic function, myocardial energy
consumption,39 and respiratory muscles workload40 in stable patients with heart failure. After
few weeks of administration, CPAP improves LVEF, left ventricular transmural pressure,23

and left ventricular hypertrophy and cardiac work index.41 An additional added benefit of
eliminating underlying OSA would further enhance these effects of CPAP. Treatment with
CPAP in patients with heart failure and OSA improves sympathetic activity,20–22 cardiac after-
load,23 and reduces ventricular arrhythmia.24 Within several weeks of treatment with CPAP
in patients with heart failure and OSA, there was a consistent improvement in ejection fraction.
25,26

Several speculations can be made regarding the mechanism of this unexpected superior bilevel
PAP effect. Studies42–44 of CPAP have suggested that a subgroup of patients with systolic
dysfunction may not have the same improvement in systolic function. This lack of benefit was
attributed to a negative effect of CPAP on stroke volume in patients with low filling pressures
(pulmonary capillary wedge pressure < 12 mm Hg in one series43). While we did not have a
consistent measurement of filling pressure in our patients, it remains plausible that this negative
effect of CPAP was present in some of our patients randomized to CPAP. An alternative
explanation is that the pressure-delivery modality of bilevel PAP mitigates against this negative
effect and perhaps prevents the reduction in stroke volume in patients with lower filling
pressures. Bilevel PAP provides lower intrathoracic pressure during expiration that may reduce
the effect of CPAP on filling pressures. Whether this effect is beneficial in the acute or even
the long-term setting is not yet clear. Another speculation regarding the superior effect of
bilevel PAP may be related to its effect on respiratory muscles. It emerged from some
studies34,35 that bilevel PAP may be superior to CPAP in unloading the respiratory muscles
and improving the work of breathing. This unloading effect on the respiratory muscle was
implicated at least partially in the beneficial effect of CPAP on systolic function.40 Whether
this acute respiratory effect of bilevel PAP is relevant in the intermediate term in stable patients
is not clear. Furthermore, there are no data on the relation between the long-term effect of
CPAP on LVEF and the underlying cardiac filling pressure. Larger and longer-term trials
comparing CPAP and bilevel PAP with measurements of other hemodynamic and respiratory
parameters will be needed to evaluate this superior effect.

There was no significant improvement in LVEF in the CPAP group in this study. However,
the design of this trial allows only for a conclusion regarding superiority of bilevel PAP. Two
previous studies25,26 have shown a significant improvement of LVEF in patients with systolic
dysfunction and OSA after several weeks of treatment with CPAP. The CI of LVEF change in
this current study, while not significant, is wide and includes values in the range of
improvement reported by these two previous studies. A more recent and larger trial45

comparing therapeutic CPAP to sham CPAP in the same population also reported CIs of change
identical to our study, and identified a subgroup of patients with heart failure who have baseline
LVEF < 30% to be less likely to have improvement in LVEF with CPAP.45

This pilot study has several limitations. Mainly, there were limited measurements of
cardiovascular parameters that precluded a full assessment of the impact of bilevel PAP.
Additional echocardiographic measurements including filling pressures and left ventricular
remodeling parameters could have further characterized the effect of bilevel PAP. This is the
first study to compare the intermediate cardiovascular impact of bilevel PAP and CPAP in the
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treatment of OSA in patients with systolic dysfunction, and so must be considered a first-stage
(pilot) study. Larger studies with longer follow-up and more hemodynamic measurements are
required to arrive at a strong conclusion about the superiority of bilevel PAP. Many factors
may influence improvement levels in LVEF. Such factors may include the type of underlying
cardiomyopathy, age, sex, or cardiac filling pressures. In this pilot study, we did not adjust for
all of these, but focused on adjustment for BMI, pressure level, and apnea severity (AHI).
Adjustment for these had very little impact on the estimate of the superiority of bilevel PAP.

Abbreviations
AHI, apnea-hypopnea index
BMI, body mass index
CI, confidence interval
CPAP, continuous positive airway pressure
EPAP, expiratory positive airway pressure
ESS, Epworth sleepiness scale
IPAP, inspiratory positive airway pressure
LVEF, left ventricular ejection fraction
MLWHF, Minnesota Living With Heart Failure Questionnaire
OSA, obstructive sleep apnea
OSU, Ohio State University
PAP, positive airway pressure
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FIGURE 1.
Change in LVEF with treatment in both groups; individual plot of LVEF change with each
treatment modality. Left panel: CPAP group. Right panel: bilevel PAP group. One patient is
missing a final LVEF measurement in the CPAP group. Means of LVEF at pretreatment and
3 months for each group are given.
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Table 1
Baseline Characteristics of Participants*

Characteristics Bilevel Group (n =
13)

CPAP Group (n =
11)

95% CI for
Difference

LVEF, % 26.0 (2.7) 29.0 (2.9) − 5.3, 11.3

BMI, kg/m2 35 (1.6) 32 (1.8) − 8.5, 1.6

Baseline AHI, events/h 33 (4.5) 30 (4.9) − 17.9, 9.6

ESS score 11.8 (1.8) 13.5 (1.8) − 3.5, 7.1

Age, yr 51.3 (2.7) 54.8 (3.0) − 4.9, 11.9

Baseline systolic BP, mm Hg 115 (4.8) 110 (5.2) − 19.7, 9.6

Baseline diastolic BP, mm Hg 68 (3.3) 68 (3.6) − 10.0, 10.0

Baseline heart rate, beats/min 74 (3.8) 73 (3.4) − 12.3, 9.3

Type of cardiomyopathy: dilated/ischemic/other 8/2/3 7/4/0

Patients receiving β-blockers: carvedilol/metoprolol 9/4 9/2

Patients receiving angiotensin-converting enzyme or
  angiotensin inhibitors

13 11

Patients receiving spironolactone 6 5

*
Data are presented as mean (SE) or No. unless otherwise indicated.
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Table 2
Sleep Characteristics on Baseline Polysomnography*

Characteristics Bilevel PAP (n = 13) CPAP (n = 11) 95% CI for CPAP-
Bilevel PAP

Total sleep time, min 249 (32) 296 (31) − 47, 140

Sleep efficiency, % 80 (3.6) 82 (3.3) − 8, 12

Sleep latency, min 18 (4.4) 17 (3.6) − 13, 11

Rapid eye movement latency, min 95 (22) 65 (10) − 84, 24

Rapid eye movement, % 12.3 (3.7) 15.4 (1.9) − 6.0, 12.2

Arousal index, % 24.5 (5.4) 24.8 (3.3) − 13.4, 14.0

AHI, events/h 34 (4.8) 30 (4.4) − 18, 10

Central apnea index, events/h 1.3 (0.5) 1.9 (0.6) − 0.9, 2.2

Obstructive apnea index, events/h 12.4 (4.3) 6.8 (2.7) − 16.6, 5.4

Hypopnea index, events/h 19.0 (3.2) 20.0 (2.1) − 7.3, 9.2

Desaturation index (> 4%) 22.8 (5.8) 19.1 (4.0) − 18.8, 11.3

Desaturation nadir, % 78 (2.3) 80 (2.2) − 5, 8

*
Data are presented as mean (SE) or No. unless otherwise indicated.
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Table 3
Difference in LVEF Improvement Between Bilevel PAP and CPAP Groups

Variables
Bilevel

PAP-CPAP 95% CI

Final LVEF minus baseline LVEF, % 7.9 2.3, 13.4

  Basic model without adjustments
    for any covariables

p = 0.01

Final LVEF minus baseline LVEF, % 6.3 0.9, 11.8

  Adjustment for baseline AHI and
    BMI

p = 0.03

Final LVEF minus baseline LVEF, % 5.9 0.2, 11.6

  Adjustment for adherence and
    pressure

p = 0.05
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