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Study Objectives: There is a lack of data regarding adherence trajectories when switching from continuous positive airway pressure (CPAP) to adaptive 
servoventilation (ASV) in the context of persistent or treatment-emergent central sleep apnea (CSA). This study investigated 90-day adherence rates in 
patients with sleep apnea based on the type of positive airway pressure (PAP) device used and any switching of PAP modality over time.
Methods: Telemonitoring data were obtained from a United States PAP database. Eligible patients were a 30% random sample who started PAP, plus all who 
started ASV, from January 1, 2015 to October 2, 2015. All received PAP and had at least one session with usage of 1 hour or more. Adherence and device 
usage were determined in three groups: started on CPAP and stayed on CPAP (CPAP only); started on ASV and stayed on ASV (ASV only); started on CPAP, 
switched to ASV (Switch). The United States Medicare definition of adherence was used.
Results: The study included 198,890 patients; 189,724 (CPAP only), 8,957 (ASV only) and 209 (Switch). In the Switch group, average apnea-hypopnea index 
decreased significantly on ASV versus CPAP. At 90 days, adherence rates were 73.8% and 73.2% in the CPAP only and ASV only groups. In the Switch 
group, CPAP adherence was 62.7%, improving to 76.6% after the switch to ASV. Mean device usage at 90 days was 5.27, 5.31, and 5.73 h/d in the CPAP 
only, ASV only, and Switch groups, respectively.
Conclusions: Treatment-emergent or persistent CSA during CPAP reduced therapy adherence, but adherence improved early after switching from CPAP to ASV.
Keywords: adaptive servoventilation, adherence, continuous positive airway pressure, sleep apnea
Citation: Pépin JL, Woehrle H, Liu D, Shao S, Armitstead JP, Cistulli PA, Benjafield AV, Malhotra A. Adherence to positive airway therapy after switching from 
CPAP to ASV: a big data analysis. J Clin Sleep Med. 2018;14(1):57–63.

INTRODUCTION

Achieving good positive airway pressure (PAP) therapy adher-
ence is a well-recognized clinical goal in sleep apnea manage-
ment. The benefits of PAP therapy, especially in patients with 
associated comorbidities, are dependent on adequate device 
usage.1–5 Traditionally, interventions to improve adherence to 
PAP, particularly continuous positive airway pressure (CPAP), 
have focused on patient education, clinical support, and be-
havioral interventions.6–9 Other factors that might contribute 
to suboptimal device use are the evolution of sleep apnea dur-
ing PAP therapy, particularly the emergence or persistence of 
central events.10

There are a variety of central sleep apnea (CSA) trajecto-
ries after initiation of CPAP to treat obstructive sleep apnea 
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(OSA),10 including the development of CSA after the obstruc-
tive events have been successfully eliminated.11 This phenom-
enon was previously referred to as complex sleep apnea, but 
has recently been recognized in the third edition of the Inter-
national Classification of Sleep Disorders, and has been called 
“treatment-emergent CSA.”12 The rate of treatment-emergent 
CSA after CPAP initiation is reportedly up to 15%,13–17 and 
the risk of developing treatment-emergent CSA appears to be 
higher in males, older patients, those with more severe sleep 
apnea at baseline, and patients with comorbid conditions (eg, 
heart failure).10,13,16,17

The results of several small studies suggest that adaptive 
servoventilation (ASV) might be an effective treatment option 
for patients with treatment-emergent CSA.18–21 However, there 
is relatively little information about outcomes and the effect of 

BRIEF SUMMARY
Current Knowledge/Study Rationale: A growing body of evidence suggests that adaptive servoventilation (ASV) might be an efficacious approach to 
the management of central sleep apnea (CSA) that emerges or persists during continuous positive airway pressure (CPAP) therapy. However, little is 
known about the effect of changes in positive airway pressure (PAP) therapy mode on adherence in patients with treatment-emergent or persistent CSA.
Study Impact: This analysis of a PAP telemonitoring database showed that a switch from CPAP to ASV in patients with lower CPAP adherence, 
possibly due to treatment-emergent CSA, improved adherence and device usage, and decreased the apnea-hypopnea index. This effect was greatest 
in patients with higher residual central apnea index in the first week of CPAP.
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interventions in patients who have treatment-emergent or per-
sistent CSA during CPAP therapy. Adherence data from those 
switching from one PAP modality to another are scarce.

This big data analysis investigated 90-day adherence rates 
in three different groups of patients with sleep apnea based on 
the type of PAP device used and any switching of PAP mo-
dality over time. We tested the hypothesis that ASV therapy 
would be associated with better adherence to PAP therapy in 
patients with treatment-emergent or persistent CSA.

METHODS

Data Inclusion
Data were obtained from a United States PAP telemonitoring 
database. A 30% random sample of patients starting therapy 
in 2015 was taken to identify patients using CPAP (includ-
ing both fixed-level and automatic-titration PAP), plus all 
patients who started ASV therapy in 2015 (whether as first 
or subsequent PAP therapy) were eligible. Study inclusion 
criteria for both datasets were as follows: patients regis-
tered in the United States; use of only AirSense/AirCurve 
10 device(s) (ResMed, San Diego, California, United States); 
therapy start date (ie, the date of first session with non-zero 
usage) from January 1, 2015 to October 2, 2015; at least one 
session with device usage of ≥ 1 hour; valid data entry (age 
plausible [younger than 123 years] and valid data blocks 
[session date and received date were synchronized]).

Each session record contained 5 types of data: (1) patient 
demographic data including age and sex; (2) treatment usage; 
(3) clinical therapy metrics including statistical summary (eg, 
median, 95th percentile) of leak and pressure (for automatic 
pressure modes); (4) respiratory events as measured by residual 
apnea-hypopnea index (AHI), apnea index (AI), hypopnea in-
dex (HI), obstructive apnea index (OAI), central apnea index 
(CAI), and unknown apnea index (UAI); and (5) pressure set-
tings (for fixed pressure modes).

Assessments
Adherence and device usage were determined in three patient 
groups: CPAP only (started on CPAP and stayed on CPAP); 
ASV only (started on ASV and stayed on ASV); and Switch 
(started on CPAP, switched to ASV). Adherence was defined 
based on United States Medicare requirements: device usage 
for ≥ 4 hours per night on 70% of nights during a consecu-
tive 30-day period anytime during the first 3 months of initial 
use. Average usage per day was calculated by dividing the total 
hours used in the period by the number of days in the period, 
where the period was defined as day 1 to day 30, day 60, or day 
90, or to the end date of the specific therapy (defined as the date 
of the last available session record with non-zero usage on that 
therapy mode).

Statistical Analysis
Descriptive statistical data were calculated for variables includ-
ing age, average AHI, CAI, AI, HI, usage, pressure, and leak 
in week 1 of initial treatment on PAP, and presented as mean 
values ± standard deviation. For reliable assessment of AHI, 

CAI, AI, and HI values, records with low usage (< 1 hour) were 
excluded from the calculations of average AHI, CAI, AI, and 
HI in week 1. A two-sided t test was used for between-group 
comparison of the normally distributed continuous variable 
(age). Kruskal-Wallis rank-sum test was used for between-
group comparisons of non-normally distributed continuous 
variables (including average AHI, CAI, AI, HI, usage, pres-
sure, and leak in week 1). A value of P ≤ .05 was considered 
statistically significant. For adherence rates and mean device 
usage, 95% confidence intervals (CIs) were calculated. All cal-
culations were performed using R software version 3.3.1 (The 
R Foundation, Vienna, Austria).

RESULTS

Study Population
Of the 247,895 patients (who represent 30% of the database 
who started PAP therapy in the assessment window [January 
1, 2015 to October 2, 2015]), 211,691 were registered in the 
United States, had used only AirSense/AirCurve 10 device(s), 
had valid data entry, and had at least one session with use of 
1 hour or more. A total of 189,724 patients had used CPAP 
only (Figure 1A). ASV was started between January 1, 2015 
to October 2, 2015 in 13,423 patients, 9,701 of whom were reg-
istered in the United States, had used only AirSense/AirCurve 
10 device(s), and had valid data entry and at least one session 
with use of 1 hour or more. Of these, 8,957 had used ASV only, 
338 had switched from CPAP to ASV and 209 had started ASV 
therapy by October 2, 2015 (Figure 1B).

Patient Characteristics and Efficacy by Device Mode
The mean age of patients in the CPAP only group was approxi-
mately 56 years and residual respiratory events, including av-
erage AHI, AI, HI, and CAI, were below 5 events/h during the 
first week on CPAP. Patients in the ASV only group and those 
who switched from CPAP to ASV were significantly older than 
those in the CPAP only group (P < .001; Table 1). Patients in 
the Switch group had significantly higher average AHI, CAI, 
AI, and HI in week 1 of initial CPAP treatment compared with 
the CPAP only group, and significantly higher AHI and AI 
than the ASV only group (all Ps < .001; Table 1). The signifi-
cantly higher average CAI (> 10 events/h) in week 1 on CPAP 
therapy in the Switch group is likely due to emergence of CSA 
during CPAP treatment; 120 patients in the Switch group had 
a CAI of ≥ 5 events/h during the week 1 of CPAP therapy. In 
week 1 on therapy, patients in the ASV only group had signifi-
cantly higher AHI and HI values, but a significantly lower AI 
compared with the CPAP only group (all values of P < .001; 
Table 1). Other statistically significant between-group differ-
ences were seen for average pressure in ASV only versus the 
CPAP only and Switch groups (lower with ASV), and average 
leak, which was higher in the ASV only versus CPAP only 
group (Table 1). In the Switch group, there were no statisti-
cally significant differences in patient and respiratory charac-
teristics based on the time at which switching occurred (in the 
first, second, or third month of CPAP or after the third month; 
data not shown).
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Figure 1—CONSORT diagram.

(A) CPAP only patients and (B) patients who used ASV. * = invalid data entry = age implausible, or received data and session date not synchronized. 
ASV = adaptive servoventilation, CPAP = continuous positive airway pressure, US = United States.

Adherence and Device Usage
Ninety-day adherence rates for the different patient groups 
are shown in Table 2. CPAP adherence rates in patients from 
the Switch group were initially lower than those in patients 
who remained on CPAP only, but increased immediately after 

the switch to either fixed or variable expiratory positive air-
way pressure (EPAP) ASV (Table 2); this increase was simi-
lar in patients who had been using fixed or automatic CPAP. 
Improved adherence was also shown by better usage of ASV 
compared with CPAP in the Switch group (Figure 2). For 
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adherence rate analysis, patients who did not meet adherence 
requirements before switch are treated as nonadherent. In the 
CPAP-ASV group, mean device usage at 30 and 60 days af-
ter the switch was significantly higher than that before switch 
(Table 3), particularly in those who switched from CPAP to 
fixed EPAP ASV (Table 4). In the Switch group, ASV adher-
ence rates were highest in those who switched from CPAP 
to ASV in the third month (82.4% versus 67.9%, 70.9% and 
80.0% in those who switched in the first, second, and after the 
third month, respectively).

Apnea-Hypopnea Index
In the Switch group, AHI remained high during CPAP ther-
apy, but fell immediately to just under 5 events/h after switch-
ing to ASV (Figure 3). For the subgroups of patients switched 
from fixed, automatic, or both fixed and automatic CPAP, 

residual AHI values were 4.34 (2.81, 5.88), 4.72 (3.69, 5.75), 
and 4.40 (2.67, 6.21) events/h, respectively. In patients who 
switched from CPAP to fixed EPAP ASV, mean daily AHI in 
the first 90 days was 17.34 (15.17, 19.41) events/h before the 
switch and reduced significantly to 4.10 (3.30, 4.89) events/h 
after the switch; corresponding values for those switched 
from CPAP to variable EPAP ASV were 19.76 (16.65, 22.88) 
events/h to 4.75 (3.56, 5.94) events/h (both P < .001, Wilcoxon 

Table 1—Patient characteristics by device mode.
CPAP Only

(n = 189,724)
ASV Only
(n = 8,957)

Switch From CPAP to ASV 
(n = 209)

Age, years 55.7 ± 14.2 63.3 ± 14.0 a 64.1 ± 13.9 a

Average AHI in week 1, events/h * 3.6 ± 5.0 5.2 ± 5.9 b 19.4 ± 14.3 b,c

Average CAI in week 1, events/h * † 0.9 ± 2.1 – 10.7 ± 11.2 b

Average AI in week 1, events/h * 2.9 ± 4.6 1.2 ± 2.9 b 18.1 ± 14.4 b,c

Average HI in week 1, events/h * 0.7 ± 1.1 3.9 ± 4.3 b 1.7 ± 1.9 b,c

Average usage in week 1, hours 5.6 ± 2.4 5.5 ± 2.6 b 5.8 ± 2.3
Average pressure in week 1, cmH2O

Median 9.6 ± 2.9 7.8 ± 2.6 b 9.5 ± 2.9 c

95th percentile 10.8 ± 3.0 8.5 ± 2.7 b 11.4 ± 3.2 b,c

Average leak in week 1, L/min
Median 6.6 ± 11.0 8.5 ± 14.2 b 6.5 ± 8.6
95th percentile 22.5 ± 21.0 26.5 ± 25.2 b 24.0 ± 19.6 d

Values are mean ± standard deviation. * = average values were calculated based on sessions with usage of ≥ 1 hour. † = no data available for ASV only 
patients because the device does not report CAI. a = P < .001 versus CPAP only (2-sided t test). b = P < .001 versus CPAP only (Kruskal-Wallis rank-sum 
test). c = P < .001 versus ASV only (Kruskal-Wallis rank sum test). d = P = .041 versus CPAP only (Kruskal-Wallis rank-sum test). AHI = apnea-hypopnea 
index, AI = apnea index, ASV = adaptive servoventilation, CAI = central apnea index, CPAP = continuous positive airway pressure, HI = hypopnea index.

Table 2—Adherence rates at 90 days by patient 
subgroups.

90-Day Adherence
% (95% CI)

Switch CPAP to Fixed EPAP ASV (n = 127) *
Before switch (CPAP) 67.7 (59.6, 75.8)
After switch (ASV) * 78.7 (71.6, 85.9) a

Switch CPAP to Variable EPAP ASV (n = 82) †
Before switch (CPAP) 54.9 (44.1, 65.6)
After switch (ASVAuto) † 73.2 (63.6, 82.8) b

CPAP Only (n = 189,724) 73.8 (73.6, 74.0)
ASV Only (n = 8,957) 73.2 (72.3, 74.1)

* = after switch patients used fixed EPAP ASV for most of therapy. † = after 
switch patients used variable EPAP ASV for most therapy. a = P < .05 versus 
before switch (McNemar test). b = P < .01 versus after switch (McNemar 
test). ASV = adaptive servoventilation, ASVAuto = variable EPAP ASV, 
CI = confidence interval, CPAP = continuous positive airway pressure, 
EPAP = expiratory positive airway pressure.

Figure 2—Trajectories of average PAP usage before 
versus after the switch from CPAP to ASV.

ASV = adaptive servoventilation, CPAP = continuous positive airway 
pressure.
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signed-rank test). The decrease in AHI after switching from 
CPAP to ASV was greatest in patients in the Switch group 
who had an average CAI of ≥ 5 events/h in week 1 of CPAP 
(Figure 4).

DISCUSSION

This big data analysis, the first of its kind to evaluate the effect 
of PAP modality on adherence, showed that switching from 

Table 4—Mean device usage for the CPAP-ASV group in the 30 and 60 days before and after switch by type of ASV device 
used.

Mean Device Usage Within
30 Days From the Day of Switch

h/d (95% CI) 
60 Days From the Day of Switch

h/d (95% CI) 
Switch CPAP to Fixed EPAP ASV (n = 127) *

Before switch (CPAP) 5.34 (4.94, 5.75) ‡ 5.53 (5.15, 5.91)
After switch (ASV) * 5.99 (5.63, 6.35) § a 5.86 (5.49, 6.22) b

Switch CPAP to Variable EPAP ASV (n = 82) †
Before switch (CPAP) 5.53 (5.01, 6.05) 5.63 (5.12, 6.14)
After switch (ASVAuto) † 5.69 (5.17, 6.22) 5.63 (5.11, 6.16)

* = after switch patients used fixed EPAP ASV for most of the therapy. † = after switch patients used variable EPAP ASV for most of the therapy. ‡ = mean 
CPAP usage in 30 days until the day of switch. § = mean ASV usage in 30 days after the day of switch. a = P < .001 versus before switch (Wilcoxon signed-
rank test). b = P < .05 versus before switch (Wilcoxon signed-rank test). ASV = adaptive servoventilation, ASVAuto = variable EPAP ASV, CI = confidence 
interval, CPAP = continuous positive airway pressure, EPAP = expiratory positive airway pressure.

Table 3—Mean device usage for the CPAP-ASV group in the 30 and 60 days before and after switch.

CPAP-ASV Group (n = 209)

Mean Device Usage Within
30 Days From the Day of Switch

h/d (95% CI)
60 Days From the Day of Switch

h/d (95% CI)
Before switch (CPAP usage) 5.42 (5.10, 5.73) * 5.57 (5.26, 5.87)
After switch (ASV usage) 5.87 (5.57, 6.17) † a 5.77 (5.47, 6.07) b

* = mean CPAP usage in 30 days until the day of switch. † = mean ASV usage in 30 days after the day of switch. a = P < .001 versus within 30 days 
before switch (Wilcoxon signed-rank test). b = P = .041 versus within 60 days before switch (Wilcoxon signed-rank test). ASV = adaptive servoventilation, 
CI = confidence interval, CPAP = continuous positive airway pressure.

Figure 3—Average AHI before versus after the switch from 
CPAP to ASV.

AHI = apnea-hypopnea index, ASV = adaptive servoventilation, 
CPAP = continuous positive airway pressure.

Figure 4—Average daily AHI in the first 90 days before 
and after a switch from CPAP to ASV

Average daily AHI in patients with an average central apnea index of ≥ 5 
events/h versus < 5 events/h in the first week on CPAP. AHI = apnea-
hypopnea index, ASV = adaptive servoventilation, CAI = central apnea 
index, CPAP = continuous positive airway pressure.
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CPAP to ASV was associated with an increase in adherence 
and a reduction in the residual AHI, which was greatest in 
patients with higher residual CAI in week 1 of CPAP. Thus, 
poorer adherence to CPAP may be due to the presence of treat-
ment-emergent or persistent CSA.10

Rates of adherence achieved after a switch from CPAP to 
ASV in our study (67.9% to 82.4%) were generally similar to 
those reported during use of ASV in another study that in-
cluded 63 patients with treatment-emergent CSA during CPAP 
(84%).18 Conversely, similar adherence rates for ASV and other 
forms of PAP therapy were reported for patients with treatment-
emergent CSA in another small study.20 The reported ASV ad-
herence rate of 77% was, again, similar to that in our study.

In the Switch group in the current study, average AHI on 
CPAP was approximately 20 events/h. This reduced to an aver-
age of approximately 5 events/h after patients switched to ASV, 
suggesting that ASV was associated with a reduction in both 
obstructive and central apnea events. Other studies have also 
reported a reduction in the AHI after switching from CPAP to 
ASV. In one case series (n = 31), residual AHI during ASV was 
4 ± 3 events/h compared with 9 ± 3 events/h in patients using 
other forms of PAP therapy (including CPAP) (P = .005).20 Sim-
ilar values were reported in the only prospective, randomized 
clinical trial in this area, with 90-day AHI values of 4.4 events/h 
and 9.9 events/h in the ASV and CPAP groups, respectively 
(P = .0024).21 Data from a retrospective analysis showed that 
80% of patients using ASV had an AHI of ≤ 5 events/h.19 Data 
obtained in nonrandomized trials have indicated that possible 
additional benefits of ASV therapy in patients with treatment-
emergent CSA include less sleepiness,18,20,21 improved oxygen 
saturation,19 decreased respiratory-related arousals,19 a higher 
proportion of rapid eye movement sleep,18 and better subjective 
sleep quality.18 Unfortunately, such outcomes were not avail-
able in our big data analysis, and robust, randomized clinical 
trials are needed to better determine any potential long-term 
effects of ASV on clinical parameters.22 The results of another 
study of 21 patients who showed CSA during CPAP titration 
(monitored using split-night PSG) suggested that no change of 
therapy was necessary because treatment-emergent CSA was 
thought to be benign and transient.23 However, follow-up data 
were not available in one-third of the study sample (4 patients 
did not tolerate CPAP and 3 had no data).

In another study,15 a large cohort of patients was followed af-
ter CPAP initiation for OSA. Although most patients in whom 
treatment-emergent CSA developed eventually had spontane-
ous resolution of events, approximately 1.5% of patients who 
underwent titration showed persistence of respiratory events 
on follow-up. Moreover, the possibility exists that early inter-
vention with ASV for patients with gradually resolving treat-
ment-emergent CSA may result in improved adherence over 
time, as suggested by randomized trial data.21 In theory, it is 
possible that some patients included in our analysis were re-
ceiving opioids, which are associated with the occurrence of 
CSA,24 and may have been a reason for persistent CSA in some 
patients. Use of ASV has been shown to be effective for the 
treatment of CSA occurring during opioid therapy.25,26

One strength of the current study is the large number of pa-
tients included in the analysis. In addition, the fact that patients 

were unselected and treated as part of routine clinical practice 
means that the results are applicable to a range of different pa-
tients with sleep apnea. Although based on a very large dataset, 
this study also has a number of limitations, including a lack of 
demographic data for individual patients (eg, sex) and limited 
medical record information (eg, the type and severity of sleep 
apnea, and comorbidities). There was also no information on the 
type of apneas during diagnostic studies, meaning that we were 
unable to determine if some patients showed central events dur-
ing initial sleep studies and therefore had persistent, rather than 
treatment-emergent, CSA during CPAP as shown previously.10 
In addition, there are no data on the prevalence of comorbid car-
diovascular disease or opioid use, factors that could influence the 
occurrence of CSA. Finally, the database also does not provide 
information on specific reasons that clinicians chose to switch 
their patients from CPAP to ASV. Further studies, including 
randomized trials, are needed to assess the effect of ASV in pa-
tients with persistent or treatment-emergent CSA during CPAP 
on hard clinical outcomes. In addition, we support mechanistic 
research to determine why treatment-emergent CSA occurs (eg, 
mouth and/or mask leak, washout of dead space, sleep state in-
stability) and why it resolves in some, but not all, patients.

CONCLUSIONS

In patients with poorer CPAP adherence, possibly due to treat-
ment-emergent CSA, PAP device usage can be improved by 
switching to ASV therapy. Analysis of sleep study data before 
and after a switch from CPAP to ASV would provide insight 
into the role of residual or treatment-emergent CSA in contrib-
uting to worse adherence during CPAP and improved adher-
ence after changing to an ASV device.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
AI, apnea index
ASV, adaptive servoventilation
CAI, central apnea index
CI, confidence interval
CPAP, continuous positive airway pressure
CSA, central sleep apnea
EPAP, expiratory positive airway pressure
HI, hypopnea index
OAI, obstructive apnea index
OSA, obstructive sleep apnea
PAP, positive airway pressure
UAI, unknown apnea index
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