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Background: Issues with tolerability and side effects can decrease continuous positive airway pressure 
(CPAP) device usage and the benefits of therapy. Different positive airway pressure (PAP) therapy modes 
providing expiratory pressure relief or using a different pressure during inspiration vs. expiration (bilevel 
PAP) may alleviate some of these issues. This multicenter, prospective study evaluated the effects of switching 
from CPAP to bilevel PAP (VAuto mode) on respiratory parameters, device usage, side effects and patient-
reported outcomes in patients with obstructive sleep apnea (OSA).
Methods: Eligible OSA patients had started CPAP ≥3 months previously, had good compliance (mean 
6.1±2.0 h/night) and well-controlled OSA [residual apnea-hypopnea index (AHI) 4.9±3.1/h] but had pressure 
tolerance issues or persistent side effects/discomfort. All were switched from CPAP to bilevel PAP (AirCurve 
10 VAuto; ResMed). Effectiveness (residual AHI), sleep quality, daytime sleepiness, fatigue, therapy-related 
side effects, and patient satisfaction/preference were assessed after 3 months and 1 year. 
Results: Forty patients were analyzed (68% male, age 64±11 years, body mass index 30.7±5.8 kg/m2). At  
3 months and 1 year after switching to bilevel PAP, median [interquartile range] residual AHI was 4/h [2–5.3] 
and 3.7/h [1.8–5], respectively, and device usage was 7.0 [4.9–7.5] and 6.4 [4.4–7.3] h/night, respectively. 
Device switch was associated with significant reductions from baseline in expiratory PAP {from 12 [11–13] to 
8 [7–9] cmH2O at 3 months (P<0.001) and 9 [8–12] cmH2O at 1 year (P=0.005)}, 95th percentile pressure {from 
14 [12–14] to 10 [9–11] and 10 [8–11] cmH2O; P<0.001 and P=0.001, respectively} and leak {from 1 [0–6] 
to 0 [0–1] and 0 [0–2] L/min; P=0.049 and P=0.033, respectively}. The Pittsburgh Sleep Quality Index score 
decreased significantly from baseline to 3 and 6 months [7.2±4.0 to 5.0±3.2 (P=0.005) and 4.5±2.7 (P<0.001), 
respectively]. CPAP-related mouth dryness, choking sensation and aerophagia were significantly improved 
one year after switching to bilevel PAP. Bilevel PAP was preferred over CPAP by 90% of patients.
Conclusions: Switching to bilevel PAP had several benefits in patients struggling with CPAP, facilitating 
therapy acceptance and ongoing device usage.
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Introduction

Obstructive sleep apnea (OSA) is the most common form of 
sleep-disordered breathing. It is highly prevalent worldwide (1),  
and negatively impacts on neurocognitive, metabolic and 
cardiovascular health (2-7). The gold standard therapy for 
moderate to severe OSA is overnight continuous positive 
airway pressure (CPAP) delivered via a nasal or facial  
mask (8), which prevents pharyngeal collapse. In addition 
to markedly reducing the number of apnea and hypopnea 
events during sleep, treatment of OSA with CPAP has 
been shown to have several beneficial effects, including 
improvements in sleepiness, cognition and mood, and 
reductions in blood pressure (9-12). Treatment with CPAP 
has also been shown to reduce hospitalization rates and 
healthcare costs (13), and may also reduce mortality (14).

Despite its widespread usage and documented benefits, 
utilization of CPAP in clinical practice is often limited 
by tolerability issues, including mask leak, skin abrasions, 
discomfort, nasal congestion and poor sleep quality (15-17).  
The presence of some side effects can contribute to 
suboptimal device usage (poor compliance) (18), which is 
common in patients being treated with CPAP (19). It has 
been suggested that awareness of CPAP-related side effects 
and the potential strategies that can be used to alleviate 
them may be critical to improving treatment adherence (17). 

Different positive airway pressure (PAP) modalities 
were developed and proposed as alternatives to CPAP for 
treating OSA. These include expiratory pressure relief or 

bilevel modes, in which a different pressure is provided 
during inspiration vs. expiration (20). However, there is a 
lack of evidence for the effects of PAP pressure modification 
strategies on clinical and patient-reported outcomes (21). 
Therefore, this study investigated the effects of switching 
to bilevel PAP in VAuto mode on respiratory parameters, 
device usage, side effects and patient-reported outcomes 
in patients reporting device comfort and side effects 
issues during otherwise effective treatment with CPAP or 
automatic positive airway pressure (APAP). We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-825/rc).

Methods

Study design

This prospective observational pilot study (https://www.
clinicaltrials.gov/, NCT02930460) was conducted during 
routine clinical practice at eight expert sleep centers in 
France from December 2016 to April 2018. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The protocol was approved by the French 
National Ethical Committee (CCTIRS) (Approval No. 16-
548) on July 7, 2016. All patients provided written informed 
consent.

Patients

Eligible patients were adults (age ≥18 years) with OSA who 
had started treatment with CPAP/APAP at least 3 months 
previously and had issues tolerating device pressures  
(>10 cmH2O), or persistently reported side effects or 
discomfort related to CPAP/APAP therapy (without any 
issues relating to compliance with existing PAP therapy). 
No patients had been treated with bilevel PAP therapy. 
Forty-one patients were eligible and 40 were enrolled. 
Titration of initial therapy was performed according to 
international guidelines. The treatment pressure for CPAP/
APAP was defined as the 95th percentile pressure during 
a 5- to 10-day titration period with APAP. Patients with 
severe respiratory disease, nasal obstruction, psychiatric 
disease or systolic heart failure (left ventricular ejection 
fraction ≤45%), or who had any contraindications to bilevel 
PAP were excluded from the study. The median duration 
of CPAP/APAP treatment after diagnostic was 1.8 years; 
25% of patients had started CPAP/APAP <7 months before 
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switching to bilevel PAP and 50% of patients had started 
CPAP/APAP <22 months before switching to bilevel PAP.

Treatment

All patients were switched from CPAP/APAP to bilevel PAP 
with an AirCurve 10 VAuto device (ResMed SAS, Saint-
Priest, France) (Figure 1). Physicians set the minimum 
expiratory positive airway pressure (EPAP; not below  
4 cmH2O) and maximum inspiratory positive airway 
pressure (IPAP) based on average values during previous 
CPAP/APAP, then the device automatically adjusts values 
within these two limits. The goal was for bilevel PAP to 
effectively treat obstructive events (apneas and hypopneas). 
Patients were given oral and written instructions on how to 
use the device before returning home, and had access to a 
helpline in case of any problems. 

Objectives

This study had a number of objectives. The effectiveness 
and tolerability of bilevel PAP was determined, along with 
therapy compliance. In addition, the benefits of bilevel 
PAP on patient-reported outcomes (sleep quality, daytime 
sleepiness and fatigue) were assessed. Patient satisfaction 
with, and preference for, bilevel PAP was also determined. 

Assessments and follow-up

Bilevel PAP data was downloaded from the device at 3 and  
12 months. Sleep quality was assessed using the Pittsburgh 
Sleep Quality Index (PSQI) where a score of ≥5 indicates 
impaired sleep quality and the minimal clinically important 
difference (MCID) has been defined as ranging from 1.5 to 3 
(22,23). Subjective daytime sleepiness was assessed using the 
Epworth Sleepiness Scale (ESS), where a score of >10 indicates 
excessive daytime sleepiness and the MCID ranges from 2 to 
3 (24). Fatigue was assessed using the Pichot Fatigue Scale, 
where a score >22 indicates excessive fatigue. Questionnaires 
were administered and scale scores were determined at baseline 
prior to initiation of bilevel PAP when patients were still being 
treated with CPAP/APAP, and then at sleep center visits after 
3 and 12 months. The presence or absence of therapy-related 
side effects was determined by patient interview at each follow-
up visit. The presence/severity of side effects was rated on a 
visual analogue scale from 0 (not at all) to 10 (very important). 
Patient satisfaction with bilevel PAP was determined based on 
direct questioning, and asking the question “Do you want to 
continue treatment?”. 

Statistical analysis

Quantitative changes from baseline to the 3- and 12-month 
follow-up visits are presented as mean values ± standard 

Figure 1 Bilevel PAP profile and settings. EPAP, expiratory positive airway pressure; IPAP, inspiratory positive airway pressure; PAP, positive 
airway pressure. 
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deviation or median and interquartile range (IQR), and 
evaluated using paired Student’s t-test or Wilcoxon-Mann-
Whitney nonparametric test depending on the normality 
of distribution and group comparison. Qualitative changes 
were described using paired frequency distribution and 
compared using the Chi-squared Mantel-Haenszel test. 
The McNeymar paired test was used to evaluate binomial 
changes. All statistical tests were two-sided, and P values 
<0.05 were considered statistically significant. All analyses 
were performed using IBM SPSS statistics software (Version 
22.0, IBM Corp., Armonk, New York). 

Results

Population

A total of 41 patients were assessed at baseline, one of 
whom was excluded for not meeting study inclusion 
criteria. Therefore, 40 patients were started on bilevel PAP. 
Two patients stopped therapy before the 3-month follow-
up and another eight stopped before the final assessment 
at 12 months (Figure 2). Just over two-thirds of patients 
were male, mean age was 64±11 years, and nearly half 
of all patients were classified as obese based on the body 
mass index (Table 1). The most common comorbidity was 

hypertension (53% of patients), followed by dyslipidemia 
(40%) and diabetes (22.5%) (Table 1). Based on the mean 
AHI, patients had severe OSA (Table 1). Four patients 
changed their mask at the time of starting bilevel PAP: two 
from a nasal mask to a full-face mask, and two from a full-
face mask to a nasal mask. No patients had a mask change 
during the follow-up period after bilevel PAP initiation.

Device parameters and treatment efficacy

Before switching to bilevel PAP, 25/40 patients (62.5%) 
were using APAP and 15/40 (37.5%) were using CPAP. 
Mean pressure during treatment with CPAP/APAP 
was 11.5±2.1 cmH2O, 52.5% of patients used a heated 
humidifier and 50% used a nasal mask. After switching 
from CPAP/APAP to bilevel PAP, residual AHI remained 
below 5/h (4.0±3.6/h at 1 year vs. 4.9±3.1/h at baseline; 
P=0.14) and device usage remained good based on usage 
per night (6.0±2.0 at 1 year vs. 6.1±2.0 at baseline; P=0.31) 
and the proportion of nights with device usage of >4 h 
(83.5%±22.5% at 1 year vs. 84.1%±23.6% at baseline; 
P=0.76) (Table 2). The proportion of patients using a 
heated humidifier at 3 months and 1 year after switching 
to bilevel PAP was 45% and 33%, respectively. At 3-month 
follow-up, a switch to bilevel PAP was associated with 

Baseline assessment
(n=41)

Included
(n=40)

3-month follow-up 
assessment (n=38)

1-year follow-up 
assessment (n=30)

Psychiatric disease  (n=1)

Withdrawn (n=2):
• Psychological release (n=1)
• Treatment cessation (n=1)

Withdrawn (n=8):
• Switched to MAD (n=1)
• Switched to fixed CPAP (n=1)
• Nasal obstruction gene (n=1)
• Psychological release (n=1)
• Withdrawal of consent (n=2)
• Undocumented treatment cessation (n=2)

Figure 2 Study flow chart. CPAP, continuous positive airway pressure; MAD, mandibular advancement device.
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significant reductions in EPAP, 95th percentile pressure, 
leak and 95% percentile leak (Table 2, Figure 3). These 
reductions were maintained at the 1-year follow-up, 
although the change in 95th percentile leak was no longer 
statistically significant compared with baseline on CPAP/
APAP (Table 2).  

Patient-reported outcomes

At baseline, patients showed significantly impaired sleep 
quality based on the PSQI score (7.2±4.0). Switching to 
bilevel PAP was associated with significant reductions in the 
PSQI score at both 3- and 12-month follow-up such that the 
score at 12 months was below the level that indicated impaired 
sleep quality (4.5±2.7; P<0.001 vs. baseline) (Table 3). Based on 
the MCID, the proportion of patients had a clinically relevant 
reduction in PSQI score after switching to bilevel PAP was 
55% at 3 months and 70% at 1 year. Patients did not have 
excessive daytime sleepiness at baseline (ESS score 5.3±3.3), 
but the ESS score did decrease significantly from baseline to 
the 12-month follow-up (to 4.1±2.8; P=0.02) (Table 3). The 
proportion of patients with a clinically relevant change in ESS 
score at 1 year (based on the MCID) was 46%. The Pichot 
Fatigue Scale score did not indicate the presence of fatigue 
at baseline (7.4±5.8) and there was no significant change at  
3 months or 1 year after switching to bilevel PAP (6.3±6.1 and 
6.4±6.2, respectively; P=0.17 and P=0.48) (Table 3). 

Side effects and patient satisfaction

Compared with baseline, the proportion of patients 
reporting a number of common PAP side effects was 
reduced at 1 year after switching to bilevel PAP: nasal 
stuffiness (28% down to 12%; P=0.29); irritated eyes 
(24% to 8%; P=0.29); dry mouth (68% to 36%; P=0.021); 
choking sensation (25% to 0%; P=0.031); and aerophagia/

Table 1 Patient demographic and clinical characteristics at baseline

Variables Patients (n=40)

Age, years 64±11

Male 27 (67.5)

Body mass index, kg/m2 30.7±5.8

Current smoker 12 (30.0)

Hypertension 21 (52.5)

Dyslipidemia 16 (40.0)

COPD 1 (2.5)

Type 2 diabetes 9 (22.5)

Baseline AHI, /h 46.6±19.5

Mean SpO2, % 91.9±2.6

Nadir SpO2, % 77.6±7.8

Time spent with SpO2 <90%, min 60.8±89.3

Oxygen desaturation >3%, /h 36.3±24.1

Values are mean ± standard deviation, or number of patients 
(%). AHI, apnea-hypopnea index; COPD, chronic obstructive 
pulmonary disease; SpO2, oxygen saturation. 

Table 2 Comparison of device parameters during CPAP/APAP and after switching to bilevel positive airway pressure

Variable CPAP/APAP

Bilevel positive airway pressure

3 months
Mean 

difference
P value 1 year

Mean 
difference

P value

Residual AHI, /h 4.9±3.1, 4.5 [2.7–7.2] 4.6±4.0, 4 [2–5.3] 0.3±3.8 0.89 4.0±3.6, 3.7 [1.8–5] 0.9±4.0 0.14

Device usage, h/night 6.1±2.0, 6.4 [4.9–7.3] 6.3±2.0, 7 [4.9–7.5] 0.2±1.1 0.85 6.0±2.0, 6.4 [4.4–7.3] 0.1±1.1 0.31

Nights with usage >4 h, % 84.1±23.6,  
98 [80–100]

82.9±26.3,  
98 [79–100]

1.2±22.3 0.76 83.5±22.5,  
97 [78–100]

0.6±25.5 0.76

EPAP, cmH2O* 12.0±2.2, 12 [11–13] 8.7±2.8, 8 [7–9] 3.3±2.8 <0.001 9.8±3.4, 9 [8–12] 2.2±3.4 0.005

95th percentile pressure, cmH2O* 13.4±2.1, 14 [12–14] 10.6±2.6, 10 [9–11] 2.8±2.6 <0.001 10.6±3.1, 10 [8–11] 2.8±2 .9 0.001

Leak, L/min* 5.5±11.3, 1 [0–6] 1.9±4.2, 0 [0–1] 3.6±10.2 0.049 1.6±3.2, 0 [0–2] 3.9±1.1 0.033

95th percentile leak, L/min 15.1±15.3, 13 [3–20] 10.0±14.2, 5 [0–13] 5.1±13.9 0.017 10.3±11.0, 8 [0–16] 4.8±13.8 0.082

Values are mean ± standard deviation and median [interquartile range]. *, device-measured mean median values on the period. AHI, 
apnea-hypopnea index; APAP, automatic positive airway pressure; CPAP, continuous positive airway pressure; EPAP, end-expiratory 
positive airway pressure. 
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bloating (46% to 15%; P=0.008) (Figure 4). 
Nearly all patients (96%) preferred the bilevel PAP 

device over their previous CPAP/APAP device, and 96% 
stated that they wanted to continue using bilevel PAP.

Discussion

This prospective pilot study investigated the impact of 

a switch to bilevel PAP in patients reporting side effects 
during effective treatment with CPAP/APAP. The bilevel 
PAP VAuto mode provides auto-adjusting pressure between 
the minimum EPAP and the maximum IPAP to maintain 
upper airway patency. In combination with the auto EPAP, 
a fixed pressure support (4 cmH2O) is used to facilitate 
patient inspiration. Current results showed that the change 
in therapy mode significantly reduced the occurrence of 

Figure 3 Changes in expiratory positive airway pressure (A) and leak (B) after switching from CPAP/APAP to bilevel PAP. APAP, automatic 
positive airway pressure; CPAP, continuous positive airway pressure; PAP, positive airway pressure.
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Table 3 Patient-reported outcomes

Questionnaire Score CPAP/APAP
Bilevel positive airway pressure

3 months Difference P value 1 year Difference P value

PSQI score (0–21) 7.2±4.0 5.0±3.2 2.2±3.4 0.005 4.5±2.7 2.7±2.7 <0.001

ESS score (0–24) 5.3±3.3 5.2±3.9 0.1±4.0 0.42 4.1±2.8 1.2±3.0 0.02

Pichot Fatigue Scale score (0–32) 7.4±5.8 6.3±6.1 1.2±4.2 0.17 6.4±6.2 1.0±6.1 0.48

Values are mean ± standard deviation. APAP, automatic positive airway pressure; CPAP, continuous positive airway pressure; ESS, 
Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index.

Figure 4 Changes in side effect frequency after switching from CPAP/APAP to bilevel PAP. *, P<0.05 vs. CPAP/APAP. APAP, automatic 
positive airway pressure; CPAP, continuous positive airway pressure; FU, follow-up; PAP, positive airway pressure.
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several problematic side effects and had positive effects on 
patient-reported outcomes such as sleep quality and daytime 
sleepiness. Patient satisfaction with bilevel PAP was high, 
and nearly all patients expressed a preference to continue 
with this therapy. The proportion of patients remaining on 
bilevel PAP therapy after 12 months in the current study 
(74%) compares favorably with that recently reported based 
on analysis of a large French dataset (77%) (25). 

Despite the occurrence of problematic side effects, 
the patients enrolled in our study were still achieving 
good levels of CPAP/APAP device usage and therapeutic 
effectiveness (based on residual AHI) before switching to 
bilevel PAP. This contrasts with previous studies where 
patients had low compliance to CPAP/APAP therapy, 
high pressures and high residual AHI prior to switching 
to bilevel PAP (26-28). Therefore, the previous studies 
documented improvements in compliance and residual AHI 
after the change in PAP mode, but this was not the case 
in our study where previously good levels of device usage 
and residual AHI were maintained after the change in PAP 
therapy mode. Also, in contrast to the previous shorter-term 
studies (26-28), we showed persistently good adherence and 
effectiveness of bilevel PAP for up to 1 year. This shows, for 
the first time to our knowledge, that switching from CPAP/
APAP to bilevel PAP has no effect on therapy compliance 
while decreasing the required expiratory pressure and 
treatment-related side effects, thus improving patient 
comfort.

Although patients enrolled in our study were not 
showing issues with compliance to CPAP/APAP therapy at 
the time of enrolment into the study, they were reporting 
significant issues and side effects that had a negative impact 
on the PAP therapy experience. PAP therapy-related side 
effects may not be stable over time, but some (such as 
dry mouth and number of awakenings) have been shown 
to be significantly associated with worse adherence to 
therapy over 1 year of follow-up, both in terms of stopping 
treatment and objective hours of device usage (18). Choking 
is another side effect that has been reported to have a 
significant impact on patient compliance (29). In this study, 
one-quarter of all patients reported a choking sensation 
while using CPAP/APAP, but the frequency of this side 
effect had decreased 3 months after switching to bilevel PAP 
and was almost nonexistent at the 1-year follow-up. This 
is likely due to the significantly lower EPAP during bilevel 
PAP compared with previous CPAP/APAP. 

It has previously been reported that a switch from 
CPAP to APAP was associated with a reduction in bloating 

symptoms (30). This was thought to be due primarily to 
significantly lower median and 95th centile pressures during 
APAP vs. CPAP (30). Changing from CPAP to bilevel PAP 
was also associated with resolution of aerophagia in the 
majority of patients in another study (31). Similar results 
were observed in our study, with a significant reduction in 
the proportion of patients reporting aerophagia at 1 year 
after switching from CPAP/APAP to bilevel PAP (46.2% 
to 15.4%; P=0.008). As noted previously, this was likely a 
result of the significantly lower EPAP at both 3-month and 
1-year follow-up in our study.

Switching from CPAP to APAP did not have any effect 
on the occurrence of dry mouth and mask leaks in an 
earlier study (32). In contrast, mouth dryness was markedly 
reduced three months after switching from CPAP/APAP 
in our study, and the number of patients reporting this side 
effect was significantly lower after 1 year of bilevel PAP 
compared with during previous CPAP/APAP. Contributing 
factors to these findings include the significant reduction in 
EPAP resulting in less mask leak.

Evaluation of patient-reported outcomes was another 
important part of the current study. Symptoms associated 
with OSA, such as daytime sleepiness, can impact on 
patient quality of life (as well as physical health), and CPAP 
treatment can have a negative impact on sleep quality  
(33-35). This means that determining the effects of 
treatments for OSA on patient-reported outcomes is 
important. Our results showed significant improvements 
in daytime sleepiness and sleep quality after patients were 
switched to bilevel PAP, even though compliance with 
previous CPAP/APAP was adequate. Similar effects were 
reported in a previous study, although patients in that 
study were noncompliant with CPAP prior to switching 
to bilevel PAP (28). In contrast, data from a meta-analysis 
failed to show any clinically significant differences in patient 
outcomes (sleepiness and sleep-related quality of life) with 
bilevel or APAP compared with CPAP (16). However, the 
quality of evidence supporting these findings was low (16). 
Although our data are preliminary, the findings suggest that 
this is an area that requires additional research because a 
positive impact of bilevel PAP on patient-reported outcomes 
could be an important contributor to continuation and 
optimal usage of PAP therapy in patients with OSA.

A personalized medicine approach to the management 
of OSA recognizes that there is individual variability 
and the presentation and course of disease, resulting in 
different patient phenotypes (36). An OSA phenotype 
has been broadly defined as “a category of patients with 
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OSA distinguished from others by a single or combination 
of disease features, in relation to clinically meaningful 
attributes (symptoms, response to therapy, health outcomes, 
quality of life) (37). Thus, a “one size fits all” approach to 
treatment is not appropriate. Therefore, while bilevel PAP 
is unlikely to represent a first-line treatment option for 
OSA, the results of the current study suggest that it could 
be a good option for patients experiencing pressure-related 
side effects during treatment with CPAP/APAP. The current 
findings suggest that a switch to second-line therapy with 
bilevel PAP could help to improve sleep quality and patient 
comfort for a subset of OSA patients, thus potentially 
allowing a higher proportion to experience the benefits 
associated with adequate levels of PAP therapy usage. 

Study limitations

Key strengths of this study were its prospective design 
and the fact that it was conducted at several expert sleep 
centers; the latter increases the external validity of the 
study findings. However, the observational design did not 
include a separate control group, although patients acted 
as their own control based on comparisons before and 
after the switch to bilevel PAP. In addition, this pilot study 
enrolled a limited number of patients. This lack of power 
could have contributed to a lack of significance in changes 
from baseline to the 3-month follow-up. Therefore, a 
randomized study enrolling on a larger number of patients 
is needed to better determine the effects of switching to 
bilevel PAP in patients with problematic side effects during 
CPAP/APAP. 

Conclusions

Switching from CPAP/APAP to bilevel PAP maintained 
therapy efficacy and compliance, reduced the occurrence 
of therapy-related side effects, and improved patient-
reported outcomes. This highlights the role of bilevel PAP 
as a second-line option for patients with OSA that could 
potentially improve long-term persistence with PAP therapy 
and improve the patient experience, thus reinforcing the 
importance of a personalized approach to the treatment of 
sleep apnea. 
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