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Study Objectives: Adaptive servoventilation (ASV) is often 
used to treat central sleep apnea (CSA) and complex sleep 
apnea syndrome (CompSAS). Both CompSAS and CSA 
may occur in the setting of CHF and with the use of chronic 
opioids. We hypothesized that ASV would be less successful 
in treatment of CSA and CompSAS secondary to opioid use 
than in CHF patients.
Methods: Consecutive patients were studied between January 
and December 2009 who underwent ASV titration for CSA or 
CompSAS due to CHF (defi ned as EF < 45%, or > 50% with 
evidence for diastolic dysfunction on echocardiogram) and 
chronic opioid users (defi ned by the use of opioids > 6 months).
Results: Study included one hundred and eight patients with 
77 males (71.3%) and 31 females (28.7%). Subjects had se-
vere sleep apnea at baseline (AHI 45.6 ± 27.4) and inadequate 
control of sleep disordered breathing on CPAP (AHI 50.0 ± 
32.2, CAI 36.6 ± 32). No signifi cant differences were found be-
tween the groups in overall ASV success, defi ned as AHI < 10/h 
(p = 0.236). ASV was successful in 28 (59.6%) of those in the 

opioid group, compared to 43 (70.5%) of those in the CHF group. 
When ASV success was defi ned as AHI < 5/h at optimum EEP, 
there was again no signifi cant difference between the groups 
(p-value = 0.812). Logistic regression showed unit increases in 
BMI, unit increases in HCO3, and presence of CSR were each 
associated with decreased likelihood of ASV success.
Conclusion: We did not fi nd a statistically signifi cant difference 
in the effectiveness of ASV between CHF patients and chronic 
opioid users, with the overall success rate approaching 70%, 
as defi ned by an AHI < 10/h.
keywords: Adaptive servoventilation, central sleep apnea, 
complex sleep apnea, chronic opioid use, congestive heart 
failurex
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Sleep physicians are increasingly confronted with patients 
who suffer with centrally mediated sleep disordered breath-

ing. This is in part due to two trends. Since the consensus state-
ment on liberalization of opioids for chronic pain use by the 
American Academy of Pain Medicine and the American Pain 
Society, the total doses of prescribed fentanyl, hydromorphone, 
morphine, and oxycodone have increased dramatically in the 
last decade.1 With continued increasing use of chronic opioids, 
there is greater risk and prevalence of central and obstructive 
sleep disordered breathing that may result in increased morbid-
ity and mortality.2,3 Similarly, congestive heart failure (CHF) is 
on the rise, with a reported prevalence of 2% among the general 
population, increasing to 10% among patients 65 years or older, 
and it also is associated with increased presence of sleep disor-
dered breathing, including central sleep apnea syndromes.4

Adaptive servoventilation (ASV) is often used to treat central 
sleep apnea (CSA) due to Cheyne-Stokes respiration (CSR) in 
the setting of CHF5-7 and complex sleep apnea syndrome (Comp-
SAS).8,9 CompSAS is described as the development of central 
sleep apnea with the application of continuous positive airway 
pressure (CPAP) in patients with obstructive sleep apnea (OSA). 
Both CompSAS and CSA may occur in the setting of CHF and 
with the use of chronic opioid medications.10-13 The predomi-
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nant pattern of CSA in CHF patients is CSR, which is a highly 
periodic breathing pattern. In contrast, both periodic and non-
periodic breathing patterns of CSA or CompSAS are described 
with chronic opioid users.10-13 The periodic CSA breathing pat-
tern in chronic opioid users is called cluster breathing, while the 
non-periodic or irregular form of CSA is called ataxic or Biot 
breathing pattern. The periodic cluster breathing pattern in chron-
ic opioid users is considerably shorter in length than CSR. The 
non-periodic ataxic/Biot breathing pattern seen in opioid users is 

bRIEF SUMMARY
Current knowledge/Study Rationale: Based on its internal proprietary 
algorithm, we hypothesized that adaptive servoventilation (ASV) might 
function better in the presence of a highly regular and periodic central 
sleep disordered breathing (such as Cheyne-Stokes respiration (CSR) 
in the setting of CHF) compared to the non-periodic (such as irregular 
or ataxic/Biot breathing patterns in chronic opioid users) central sleep 
disordered breathing. 
Study Impact: ASV was as effective in the treatment of central and com-
plex sleep apnea in chronic opioid users as it is in patients with CHF, with 
the overall success rate of 70% as defi ned by an AHI ≤ 10/hour. Lower 
body mass index, but higher bicarbonate values and absence of CSR, 
were predictors for ASV success in both groups. 
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characterized by irregular frequency and variable respiratory rate 
and tidal volume. Though previous studies have shown ASV to 
be an effective treatment for CSA-CSR in CHF patients, studies 
assessing the effectiveness of ASV in chronic opioid users have 
shown conflicting results.14,15 One study showed it to be highly 
effective,15 while another reported it as insufficient to treat the 
sleep disordered breathing.14 The study samples in these two 
studies were small (5 and 22 patients, respectively). In addition, 
there are no studies to date that compare the effectiveness of ASV 
between the CHF and opioid users. This study compares the ef-
ficacy of ASV in the treatment of CSA and CompSAS secondary 
to opioid use with those secondary to CHF.

Adaptive servoventilation (ASV) is a pressure preset, vol-
ume or flow cycled form of closed-loop mechanical ventilator 
that monitors the patient’s breathing pattern over a certain pe-
riod of time. It uses an internal algorithm to provide breath-
by-breath dynamic adjustment of inspiratory pressure support 
with a back-up respiratory rate to normalize breathing patterns 
to a predetermined target of either minute ventilation or peak 
flow, thereby stabilizing the central sleep disordered breath-
ing pattern. Embedded computer-based algorithms use logic 
to determine whether a given hypopneic breath is towards the 
beginning of a hyperpnea or leading towards an apnea so that 
they may adjust the delivered support accordingly. Since ASV, 
based on its internal proprietary algorithm might function more 
optimally in the presence of a regular or periodic form of cen-
tral sleep disordered breathing such as CSR, we considered, as 
was suggested by Farney et al., that it may prove less effective 
for the non-periodic, more irregular breathing pattern such as 
ataxic/Biot breathing pattern seen in chronic opioid users.14 We 
therefore hypothesized that ASV would be less successful in 
treatment of CSA and CompSAS secondary to opioid use than 
in those secondary to CHF.

METHODS

Overview and Study Design
The study was approved by the Mayo Clinic Institutional 

Review Board (IRB Application #:11-007500). Retrospec-
tively, we screened consecutive patients referred to our sleep 
center who underwent ASV titration between January and De-
cember 2009. Patients were selected if their baseline diagnostic 
polysomnography (PSG) showed an AHI ≥ 5/h and subsequent 
continuous positive airway pressure (CPAP) titration showed 
control of obstructive events but a residual AHI > 5/h or the 
persistence of CSA and/or CSR on CPAP. All of our patients 
were identified based upon split-night studies. They were al-
lotted in the CHF group if they had a transthoracic echocardio-
gram that showed an ejection fraction (EF) ≤ 45%, or if they 
had an EF > 50% but had documentation of heart failure with 
preserved EF (diastolic dysfunction). The chronic opioid group 
included those who had been treated with opioid medications > 
6 months. Patients were excluded from analysis if they did not 
meet our definition for CHF or chronic opioid use.

Setting and Participants
One hundred and eight patients were found eligible based 

on the above screening criteria. Patient records from 2009 

contained data on the titration study to assess the optimum 
AHI at the prescribed end-expiratory pressure (EEP) on ASV 
titration. EEP was also titrated to a maximum of 15 cm of 
water, if needed.

Clinical records of consults and follow-up visits were re-
viewed, and data were collected including age, gender, body 
mass index (BMI), EF from echocardiogram, and presence or 
absence of atrial fibrillation. Polysomnographic data on both 
the diagnostic and titration studies were also collected as stated 
below. The main reason for the use of chronic opioids was for 
chronic pain syndrome.

Polysomnography
Polysomnography (PSG) was performed using a digital 

polygraph (Nicolette, San Diego, CA). We used the electroen-
cephalogram ([EEG] 2 channels), electroculogram ([EOG] 2 
channels), and electromyogram ([EMG] 1 channel) montage as 
described in the recent scoring manual of the American Acad-
emy of Sleep Medicine.16 Airflow and respiratory effort were 
monitored using oronasal thermocouple and nasal pressure 
transducer, respiratory inductive plethysmography (RIP) dur-
ing the diagnostic study, and, during titration, using the flow 
channel from the CPAP and bilevel positive airway pressure 
(BPAP) plus RIP. Sleep staging and arousals were scored.17

An apnea was defined as cessation of inspiratory flow (> 90% 
reduction in airflow signal) ≥ 10 sec. An obstructive apnea was 
defined as the absence of airflow in the presence of rib cage 
and abdominal excursions. A central apnea was defined as the 
absence of airflow with absence of rib cage and abdominal ex-
cursions. Hypopnea was defined as a 30% reduction in airflow 
signal lasting ≥ 10 sec associated with ≥ 4% drop in oxygen 
saturation. We defined CSA to be present if the central apnea 
index (CAI) was > 5/h and the CAI was ≥ 50% of the AHI. CSA 
due to CSR was considered to be present based on the interpret-
ing physician’s report or consult note; CSR was defined by the 
presence of ≥ 3 consecutive cycles of cyclical crescendo and 
decrescendo breathing consisting of apneas, hypopneas, hyper-
pneas, and hypopneas, with each cycle lasting ≥ 45 sec, and a 
central apnea index ≥ 5/h. Complex sleep apnea (CompSAS) 
was considered present if the diagnostic PSG demonstrated 
findings consistent with obstructive sleep apnea, but CPAP 
titration sufficient to alleviate obstruction left residual central 
apneas and/or periodic breathing with hypopneas sufficient to 
produce an AHI ≥ 5/h.

Standard protocols for our sleep laboratory were used to ti-
trate for CPAP and ASV. Different masks were used based on 
patient’s preference, comfort, and fit. Mask leaks were moni-
tored and corrections made accordingly. CPAP (Respironics 
Inc., Murrysville, PA) titration was performed using a uniform 
and standard approach. Titration usually began at CPAP of 5 cm 
of water and titrated to eliminate obstructive sleep disordered 
breathing events. If central apneas developed, the pressure 
was increased to monitor for improvement; if not, the pressure 
was brought back down to the pressure that eliminated the ob-
structive events. The development and persistence of central 
sleep apnea on CPAP as defined above led to ASV titration. 
ASV titration was performed using a ResMed VPAP Adapt SV 
(ResMed Ltd., NSW, Australia). The EEP was started at 5 cm 
of water or at the CPAP that eliminated OSA during the CPAP 
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titration. Titration of EEP was performed by the technician to 
eliminate OSA, while the pressure support was on default set-
tings (minimum inspiratory pressure support of 3 cm of water, 
maximum inspiratory pressure support of 10 cm of water above 
EEP that was controlled by the internal algorithm of the ma-
chine to target minute ventilation). The back-up rate was in the 
auto mode. The EEP could be adjusted to a maximum of 15 cm 
of water pressure.

Comparison and Outcomes
We assessed the effectiveness of ASV to treat CSA and 

CompSAS between the CHF group and chronic opioid group. 
For the primary analysis, we considered treatment successful 
if the ASV settings resulted in an AHI < 10/h. As a secondary 
analysis, we also looked at our data using an AHI threshold for 
control of < 5/h at the optimally prescribed EEP (that EEP that 
eliminated obstructive events while minimizing central events 
and sleep disruption, based upon sleep specialist’s review of 
PSG). Finally, we assessed and compared sleep architecture, 
arousal index, periodic leg movements, and predictors for ASV 
success between the 2 groups.

Statistical Analyses
All analyses were done in Statistical Analysis System (SAS; 

version 9.2; SAS Institute, Cary, NC). The primary outcome 
was ASV success defined as AHI < 10. The secondary outcome 
was defined as AHI < 5 at the optimum EEP measured during 
ASV titration. Logistic regression was used to determine which 
variables predicted ASV success in the overall group as well as 
separately within the CHF and opioid groups. All p-values were 
2-tailed, and statistical significance was defined with p < 0.05. 
Univariate analyses were first conducted on factors including 
BMI, age, and AHI during the diagnostic study, AHI on CPAP 
titration (CPAP AHI), bicarbonate levels (since most patients 
did not have arterial blood gas analysis to identify PaCO2 lev-
els, we assessed bicarbonate levels close to the time of their 
PSGs), presence or absence of CSR, presence or absence of 
CSA, presence or absence of atrial fibrillation, gender, and EF 
from echocardiogram to identify factors that were indepen-
dently associated with ASV success. Models were built with 3 
different ASV success criteria, one defined as overall titration 
period AHI < 10/h, and the others with AHI < 5/h or 10/h at the 
optimum EEP. Based on the Wald test from logistic regression, 
predictors with p-value < 0.25 were included as candidates for 
multivariate analysis. This cutoff was selected rather than the 
traditional p-value cutpoint of 0.05 so as to include important 
co-variates in the model. Stepwise selection was performed in 

which the most nonsignificant (p-value > 0.05) and non-con-
founding co-variates (change in parameter estimate > 20%) 
were removed iteratively from the model. Hosmer-Lemeshow 
Goodness of fit test was used to assess model fit. All models 
were assessed at p < 0.05.

RESULTS

Demographics
Of 108 patients meeting our selection criteria, 61 (56.48%) 

had CSA during the diagnostic portion of the night and be-
longed to the CHF group. Of the 61 patients with CSA, 19 
(31.1%) had CSR. Chronic opioid users comprised the remain-
ing 47 of our 108 subjects; among them, 28 had CompSAS 
(59.6%), while the remaining 19 had CSA. The sample includ-
ed 77 males (71.3%) and 31 females (28.7%) who ranged in 
age from 26 to 89 years. Among the males, 23 (29.9%) were 
in the opioid group and 54 (70.1%) were in the CHF group. 
Tables 1, 2, and 3 provide characteristics of all subjects, and 
comparisons between CHF and opioid groups. Forty-six of 61 
patients (75%) had systolic congestive heart failure, as defined 
by an EF ≤ 45%. All 61 CHF patients were in a stable treatment 
phase at the time of their PSG.

Overall, the subjects had severe sleep apnea at baseline (AHI 
45.6 ± 27.4) and had significantly abnormal breathing on CPAP 
(AHI 50.0 ± 32.2, with CAI 36.6 ± 32). Compared with the 
opioid group, the CHF group had a significantly higher propor-
tion of men, were older in age, had lower LVEF, and had higher 
residual CAI on CPAP (Table 1). The 2 groups were not oth-
erwise significantly different with respect to measures of sleep 
disordered breathing

Efficacy
There was no significant difference between the groups in 

overall ASV success defined as AHI < 10/h (p = 0.236). Of 
those in the opioid group, 28 (59.6%) found success with ASV, 
compared to 43 (70.5%) of those in the CHF group. When suc-
cess was defined as AHI < 5/h at the optimum EEP, there was 
again no significant difference between the groups having ASV 
success (χ2 p-value = 0.812). Of those in the opioid group, 29 
(61.7%) found success with ASV, compared to 39 (63.9%) of 
those in the CHF group. Similarly, no significant differences 
were noted in ASV success (as defined by an AHI < 10/h) be-
tween overall CSA patients (irrespective of whether they be-
longed to the CHF or chronic opioid group) and CompSAS 
patients (64.2% vs 65.7%, p = 0.8826). The average EEP was 8 

Table 1—Demographic characteristics
CHF N= 61 Opioid N = 47 All N = 108

Median (IQR) Mean ± SD Median (IQR) Mean ± SD Mean ± SD p value
Age 73.0 (64.0, 77.0) 70.9 ± 9.4 61.0 (49.0, 68.0) 59.1 ± 14.2 65.3 ± 13.7 < 0.001
Body mass index (BMI) 32.8 (26.9, 35.8) 30.8 ± 5.8 31.6 (27.9, 39.7) 33.9 ± 8.0 31.6 ± 6.7 0.030
Ejection fraction from echocardiogram (%) 40.0 (27.0, 51.0) 40.6 ± 15.5 62.0 (58.0, 66.0) 60.3 ± 10.6 44.7 ± 17.4 < 0.001
Atrial fibrillation N (%) 27.0 (87.1) 4.0 (12.9) 31.0 (28.7) < 0.001
Gender (M/F) 54/7 23/24 77/31 < 0.001
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(± 2) cm of water at the end of titration. The mean baseline oxy-
gen saturation during sleep was 92.5% ± 2.5%, and improved 
during ASV titration to 93.6% ± 2.1% (p < 0.001). Similarly, 
the percentage of time spent above 90% during the diagnostic 
portion of the study improved from 81.7 ± 21.6 to 91.7 ± 15.6 
(p < 0.001) (Table 5).

The men made up a significantly greater proportion of the 
CHF group than the opioid group (88.5% vs. 48.9%), however 
gender was not associated with treatment success as defined by 
an AHI < 5/h at the optimum prescribed EEP (p = 0.274), or by 
an AHI < 10/h on ASV titration (p = 0.781). There was also a 
significant difference in age between the 2 groups (p < 0.001); 
the CHF group had a median age of 73 (range 47-89), while the 
opioid group had a median age of 61 (range 26-84). However, 
age was also not significantly associated with ASV success us-
ing AHI < 10/h (p = 0.647), or ASV success using an AHI < 5/h 
at optimum prescribed EEP (p = 0.733). The overall mean BMI 
was 31.6 (range 16.3-53.5); mean BMI did vary significantly 
between the opioid and CHF groups (32.8, range 16.3-53.5 and 
31.6, range 18.8-43.6, respectively, p = 0.038) and was a sig-
nificant predictor of ASV success in both groups as discussed 
below. There was also a significant difference in mean EF be-
tween the groups (60.3 vs. 40.6, p < 0.001) and in the presence 
of atrial fibrillation (4% vs. 27%, p < 0.001) in the opioid vs. 
CHF group, respectively.

Summary distributions of sleep architecture, arousal index, 
and periodic leg movements in our subjects are found in 
Table 3. Overall, there was a decrease in stage N1, increase in 
stages N2 and N3, and decrease in stage R in the opioid group 
compared to the CHF group. The periodic leg movement index 
(PLMI) and arousal index was lower in the opioid group than 
in the CHF group.

Predictors of ASV Success
Logistic regression showed that BMI and CPAP AHI were 

inversely predictive of overall ASV success using the AHI < 10/h 
criterion (OR 0.920; CI 0.861, 0.983 and OR 0.984: CI 0.970, 
0.998, respectively; Table 4). When ASV success was defined 
by AHI < 5/h at the optimum EEP, BMI, CSR, bicarbonate levels 
were all significant predictors of ASV success (OR 0.851: CI 
0.775, 0.934; OR 0.213: CI 0.062, 0.727; OR 1.218: CI 1.008, 
1.471, respectively). Unit increases in BMI, unit increases 
in HCO3, and presence of CSR were each associated with 
decreased likelihood of ASV success (Figure 1). Of note, in the 
last model, CSR and HCO3 were not significant in univariate 
analysis; however, they were forced in to the multivariate model 
due to biologic relevance and came out as significant predictors 
of ASV success. Overall, higher measures of BMI, especially in 
the overweight class, correlated with lower probability of ASV 
success with AHI < 10/h (p = 0.0005) and AHI < 5/h at optimum 
EEP (p = 0.0048). Interestingly, the highest proportion of those 
who had failures at AHI < 10/h (37%) had a BMI in the range of 
30-36 (Figure 1).

DISCUSSION

The findings of this study indicate that ASV is as effective 
in the treatment of central and complex sleep apnea in chronic 
opioid users as it is in patients with CHF. Overall success rates 
using more liberal criteria (AHI < 10 on ASV titration) or more 
stringent criteria (AHI < 5/h at best EEP), were statistically not 
different. The predictors for success with ASV in both groups 
were lower BMI, higher bicarbonate values, and absence of 
CSR. This is not the result we expected. We had hypothesized 
that ASV would be more likely to succeed in patients with CHF, 
especially if they had CSR. Although not specifically part of our 
initial hypothesis, we had considered it likely that since patients 

Table 2—Polysomnographic respiratory measures
CHF n = 61 Opioid n = 47 All N = 108

Median (IQR) Mean ± SD Median (IQR) Mean ± SD Mean ± SD p value
Diagnostic AHI 40.0 (25.0, 57.0) 42.6 ± 20.5 38.5 (22.0, 71.0) 48.4 ± 33.3 45.6 ± 27.4 0.300
Diagnostic CAI 5.0 (1.0, 26.0) 14.4 ± 18.8 6.0 (1.0, 26.0) 17.8 ± 24.6 15.7 ± 21.2 0.488
Diagnostic OMAI 9.5 (2.0, 16.0) 13.3 ± 16.5 6.0 (1.0, 15.0) 13.2 ± 19.9 13.3 ± 17.8 0.983
CPAP AHI 47.0 (31.0, 63.0) 49.1 ± 24.4 41.0 (19.0, 74.0) 50.5 ± 39.1 49.7 ± 31.6 0.830
CPAP CAI 31.0 (11.0, 54.0) 34.5 ± 26.3 20.0 (10.0, 66.0) 38.7 ± 39.7 36.3 ± 32.8 0.533
CPAP OMAI 1.0 (0.0, 4.0) 4.2 ± 7.3 1.0 (0.0, 4.0) 3.4 ± 6.7 3.8 ± 7.0 0.586
Optimal EEP success (AHI < 5) N (%) 39 (63.9) 29 (61.7) 68 (63.0) 0.812
ASV success (AHI < 10) N (%) 43 (70.5) 28 (59.6) 71 (65.7) 0.236

CHF, congestive heart failure; AHI, apnea hypopnea index; CAI, central apnea index; OMAI, obstructive/mixed apnea index; CPAP, continuous positive airway 
pressure; EEP, end-expiratory pressure.

Table 3—Polysomnographic sleep characteristics

All Subjects CHF Opioid

p value
(opioid 

vs. CHF)
Dx N1% 24.5 ± 17.4 27.9 ± 16.9 19.3 ± 17.2 0.018
Dx N2% 49.2 ± 16.3 47.5 ± 15.9 51.7 ± 16.8 0.225
Dx N3% 17.3 ± 18.1 13.8 ± 14.5 22.7 ± 21.6 0.029
Dx REM% 9.0 ± 9.7 10.8 ± 9.7 6.3 ± 9.2 0.026
Dx ARLI 50.3 ± 27.3 53.0 ± 20.1 46.6 ± 35.7 0.333
Dx PMLI 36.6 ± 52.2 46.5 ± 48.9 22.5 ± 54.0 0.024

Values expressed as mean ± standard deviation. Dx N1%, N2%, N3%, 
REM% = Percentage of N1, N2, N3, and REM sleep during the diagnostic 
portion of the sleep study. Dx ARLI = Arousal index during the diagnostic 
portion of the sleep study. Dx PLMI = Periodic leg movement index during 
the diagnostic portion of the sleep study.
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Table 4—Univariate and multivariate correlates of ASV success
Model 1 (AHI < 10) Model 2 (AHI < 5 at Optimum EEP)

Univariate Multivariate Univariate Multivariate
Variable OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p

BMI 0.92 (0.87, 0.98) 0.011 0.92 (0.86, 0.98) 0.014 0.92 (0.86, 0.97) 0.005 0.85 (0.78, 0.93) 0.001
Age 1.01 (0.98, 1.04) 0.634 1.01 (0.98, 1.04) 0.737
Diagnostic test AHI 0.99 (0.98, 1.01) 0.211 0.99 (0.98, 1.01) 0.215
CPAP AHI 0.99 (0.97, 1.00) 0.03 0.98 (0.97, 1.0) 0.023 1.0 (0.99, 1.01) 0.708
Atrial fibrillation* 1.13 (0.47, 2.75) 0.781 1.10 (0.46, 2.62) 0.832
Gender** 0.88 (0.36, 2.14) 0.781 0.61 (0.25, 1.49) 0.277
EF 0.99 (0.97, 1.0) 0.655 0.99 (0.97, 1.02) 0.502
CSR* 0.98 (0.39, 2.48) 0.965 0.61 (0.25, 1.48) 0.272 0.21 (0.06, 0.73) 0.014
CSA* 1.01 (0.44, 2.29) 0.985 1.45 (0.64, 3.30) 0.37
HCO3 0.97 (0.83, 1.14) 0.704 1.06 (0.91, 1.24) 0.47 1.22 (1.01, 1.47) 0.042
Opioid*** 0.62 (0.28, 1.38) 0.237   0.91 (0.41, 2.0) 0.812   

Covariates modeled as: *Yes vs No; **Males vs Females; ***Opioid group vs CHF group.

Table 5—Oxygen saturation during the diagnostic study vs. ASV titration
All Patients (Mean ± SD) CHF (Mean ± SD) Opioid (Mean ± SD)

Mean baseline oxygen saturation during sleep
Diagnostic study 92.5 ± 2.5% 92.6 ± 2.1 92.3 ± 3.0
ASV titration 93.6 ± 2.1 93.7 ± 1.9 93.5 ± 2.3

Percentage of time spent above 90% oxygen saturation
Diagnostic study 81.7 ± 21.6 83.9 ± 16.9 78. 3 ± 27.4
ASV titration 91.7 ± 15.6 92.6 ± 15.4 90.5 ± 16.1

All values were statistically significantly better, with p < 0.001 in the ASV titration compared to the diagnostic study.

ASV Success Defined as AHI < 10 ASV Success Defined as AHI < 5 at Optimum EEP
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Figure 1—Overall percent success and failure by BMI

Proportions of overall success and failure by body mass index (BMI). Unit increases in BMI were associated with decreased likelihood of ASV success. The 
greatest difference in proportion of successes compared to failures at AHI < 10/h (19%) occurred among those with a BMI in the range of 24 to < 32. The difference 
between proportion of success compared to failures in this BMI range was even more pronounced (25%) when success was defined as AHI < 5/h at optimum EEP.
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with CHF and CSR often have lower PaCO2 and bicarbonate 
levels, that bicarbonate levels would inversely correlate with 
likelihood of success. Again, this proved to not be the case.

Of the 108 patients, ASV was successful in reaching an AHI 
< 5 in 63% and AHI < 10 in 73.2%. These rates are consistent 
with findings of most other studies. Success rates for ASV (using 
an AHI < 10) in patients with CompSAS have been reported 
in as low as 18%14 and as high as 100%15 associated with 
chronic opioid use, and in more mixed populations as 70% to 
100%.8,18-20 Published success rates for patients with CSR have 
ranged from 73% to 100%.8,21-25 Although our overall success 
rates were not dissimilar to prior reports, the reason why ASV 
succeeds in controlling some, but not all types of central sleep 
apnea remains elusive. Possible mechanisms for ASV failure 
might include inadequate stabilization of the upper airway, high 
interface leak, ineffective pressure support, patient-ventilator 
dyssynchrony due to poorly timed pressure support, or unstable 
sleep leading to oscillation between ventilatory control patterns.

Role of Upper Airway Stabilization, Interface Leak, and 
Ineffective Pressure Support

CPAP provides a pneumatic splint for the upper airway 
throughout the breathing cycle and successfully treats 
obstructive sleep apnea (OSA). The expiratory pressure on 
ASV is titrated to eliminate OSA, while the variable inspiratory 
pressure support along with the back-up rate tries to eliminate 
the central sleep disordered breathing events. CPAP has some 
success in studies to treat CSA in the setting of heart failure,26-28 
though overall effectiveness is inferior to ASV.5-7,29 In contrast, 
CPAP alone is most often ineffective in controlling sleep 
disordered breathing in patients with chronic opioid use.12,14 
In our own study, though it helped to control OSA, CPAP 
overall was unsuccessful in controlling central sleep disordered 
breathing in opioid users, and in fact worsened the CSA, similar 
to findings in other studies. When using ASV, it appears that we 
achieved adequate EEP, since on ASV the OMAI was only 3.4 
± 6.7/h. Therefore, we do not think the ASV failures were due 
to inadequate stabilization of the upper airway. It also seems 
likely that leak was not a major contributor, since titration 
was performed manually under direct sleep technologist 
observation; the technologists promptly adjust interfaces when 
leaking is detected. However, we did not measure leak, and this 
could be an opportunity for improvement in our practice and 
outcomes. The fact that higher BMI was associated with lower 
likelihood of ASV success may speculatively reflect an expected 
decreased effectiveness of pressure support in enhancing tidal 
volumes when the respiratory compliance is reduced by obesity. 
We did not measure tidal volumes in a calibrated fashion, and 
thus were not able to compare volumes between ASV success 
and failures.

Patient-Ventilator Dyssynchrony
Failure via ventilatory-patient dyssynchrony might be ex-

pected when ventilatory patterns being generated by the ASV 
do not match or compensate adequately for the patient’s pat-
tern. We had postulated that since different underlying mech-
anisms result in central sleep apnea patterns in patients with 
chronic opioid use vs. CHF that the interaction of the central 
respiratory controller with ASV algorithms would be character-

istically different. The central sleep apnea patterns noted with 
CSR (in association mostly with CHF) are most pronounced 
during NREM sleep and clearly represent the manifestation of 
a respiratory system with high loop gain and delayed feedback. 
The pattern is typically reduced during REM sleep because ven-
tilation is less reliant on feedback mechanisms. The resultant 
ventilatory pattern is predictable and we thought would result 
in better synchrony with the ASV algorithm. In contrast, most 
opioid induced sleep disordered breathing patterns are less 
periodic, poorly attenuated in REM, and the pathophysiology 
is complex and less well worked out. Opioids appear to exert 
differential effects on central and peripheral chemoreceptors.30 
In addition, opioids inhibit the inspiratory rhythm generating 
neurons located in the pre-Bötzinger complex neurons, but do 
not appear to affect the expiratory motor neurons located in 
the retrotrapezoid nucleus/parafacial respiratory group.31 Thus 
opioids interfere with normal ventilatory rhythmogenesis and 
regulation, resulting in less predictable patterns of ventilation 
than in CSR. Some of the breathing patterns in chronic opioid 
users are similar to those in heart failure patients, such as the 
presence of OSA and the cluster breathing pattern, though the 
cycle lengths in the periodic breathing pattern are considerably 
shorter in the cluster breathing than in the CSR pattern seen in 
heart failure patients. In contrast, ataxic/Biot breathing pattern 
is a non-periodic irregular breathing pattern seen in chronic opi-
oid users but not in CHF.

There were differences in the proportion of sleep stages be-
tween the CHF and opioid group during the diagnostic study 
(Table 3), with a higher percentage of stage N3 and lower REM 
in the chronic opioid group than the CHF group. Decrease in 
REM has been reported in chronic opioid users32; however, 
results are conflicting for NREM sleep. Most studies show a 
decrease in stage N1 and an increase in stage N2 compared to 
controls not on opioids, but the results are conflicting with stage 
N3.12,32 We found a higher percentage of stage N3 in chronic 
opioid group than the CHF group. Our reported percentage 
of stage N3 is higher than the previous reported literature in 
chronic opioid users.12,32 Whether this has any effect on the ef-
ficacy of the PAP therapy is unclear, though we believe it not 
to be the case.

We postulated that the ASV algorithm would synchronize 
ventilation more poorly with opioid-related SDB than with 
CHF-associated patterns. We did not demonstrate this. In fact, 
when we analyzed the influence of CSR pattern on ASV suc-
cess by forcing CSR into the regression model, its presence 
correlated negatively. This may be reflective of imprecise char-
acterization of the breathing patterns. Patients might have expe-
rienced CSR for only relatively short percentages of the study 
(for example, 3-5 min out of an entire night) and yet would 
be characterized as having demonstrated CSR. Our hypothesis 
regarding a positive correlation between a regular cyclic breath-
ing pattern and ASV success might be better studied by using a 
more global measure of periodicity across the entire study, such 
as percent of time spent in a periodic pattern; we did not de-
sign our study to accommodate such measures. CSR associated 
with CHF is most often accompanied by hypocapnia, which we 
thought might be reflected in serum bicarbonate levels, thus 
hypothesizing that lower serum bicarbonate levels would be 
associated with a greater likelihood of ASV success. Again, 
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our hypothesis was proven incorrect. This may be influenced 
by the fact that not all of our subjects had bicarbonate levels 
immediately prior to ASV titration. Some of the levels were 
obtained shortly afterward as a result of other clinical needs. It 
is possible the bicarbonate levels do not represent in any way 
the PaCO2 levels at the time of ASV titration. Therefore, the 
contribution of this mechanism for ASV failure cannot be reli-
ably inferred from our data.

Although our study identified BMI, CSR, and HCO3 levels as 
significant predictors of ASV success, there may be other fac-
tors that might determine success with ASV in chronic opioid 
users that we did not discern. The type and duration of opioids 
used, the predominant breathing pattern, i.e., cluster vs. ataxic/
Biot breathing pattern, comorbid conditions, and co-ingestion 
of other medications such as benzodiazepines may be other 
factors that should be assessed and possibly controlled for, in 
future studies.

The main limitation of our study is the retrospective nature 
of our assessment, with no prospective randomization or blind-
ing performed. Referral bias is also likely, and this may have 
affected the overall effectiveness of ASV, as patients referred to 
our center were the ones who likely failed therapies elsewhere. 
While our sample size was small and could have resulted in a 
type II error, post hoc power calculation of 77% suggests that 
a type II error is not unlikely with this sample size. Another 
limitation of our study was the use of bicarbonate levels to indi-
rectly assess pCO2 as most patients did not have arterial blood 
gas analysis around the time of their PSG. Though our assump-
tion was that bicarbonate values would inversely correlate with 
pCO2, it is possible that bicarbonate levels may have been af-
fected by various conditions such as the use of diuretics. Not 
reporting the exact dose of opioids consumed around the time 
of the PSG, or whether the patients were concomitantly taking 
benzodiazepines, is another limitation of our study. Due to the 
retrospective nature of our study, however, we knew that the 
patients were on opioids based on the medication list; it was dif-
ficult to assess the exact dose at the time of the PSG or the type 
of chronic pain syndrome, as this information was not avail-
able on the consult or progress note. We compared two patient 
cohorts with different underlying diseases. However, both CHF 
and chronic opioid use are associated with central sleep apnea, 
and ASV is currently being used to treat varied types of central 
sleep apnea.

The main intent of this study was to assess whether ASV 
would be an effective treatment for central sleep apnea, inclu-
sive of CSR and CompSAS, and irrespective of the underlying 
cause or disorder that triggers it. CompSAS that occurs in the 
setting of chronic opioids may be different in pathophysiology 
(probably a “dulling” of the loop gain mechanism) than that due 
to CSA/CSR (where the loop gain is high with increased che-
mosensitivity). Therefore, we hypothesized that ASV as a treat-
ment option would not work well in patients on chronic opioids. 
Although previous data suggest that both CSA and CompSAS 
improve over time in some patients undergoing treatment with 
CPAP,33 the retrospective nature of our study design did not al-
low us to address this, as all patients in our sample with per-
sistent CSA on CPAP immediately underwent ASV titration. 
A future prospective and randomized study could be designed 
to specifically address this question. The main purpose of this 

study was to assess which patients are most likely to acutely 
succeed with ASV, rather than determining whether ASV would 
succeed better than CPAP of chronic use. Also, most studies 
in our center are performed based on the split-night protocol.34 
Though there might have been differences in the proportion of 
obstructive and central sleep disordered breathing between the 
first and second half of the night, it would be difficult to specu-
late whether it would have made a difference, as all our patients 
in this study were selected based on the split night protocol. 
Additionally, we used only the VPAP Adapt SV, which is a 
ResMed device and not the Respironics BiPAP AutoSV device 
during our ASV titration. There are differences between these 
two machines in how they address the underlying central sleep 
disordered breathing events. The AutoSV uses a different tar-
get (peak flow) in its servomechanism, while the VPAP Adapt 
SV targets the minute ventilation. Consequently, our findings 
may not apply to patients using the Respironics BiPAP autoSV. 
Despite these limitations, our data are the most comprehensive 
regarding the use and comparing the effectiveness of ASV be-
tween CHF and chronic opioid groups. Also, our sample size is 
the largest on opioid users using ASV to treat their sleep disor-
dered breathing.

CONCLUSION

In conclusion, we did not find a statistically significant differ-
ence in the effectiveness of ASV between the CHF patients and 
chronic opioid users, with the overall success rate approaching 
around 70%, as defined by an AHI of less than 10/h. With the 
increasing use of chronic opioids and increasing prevalence of 
congestive heart failure and their associated breathing disor-
ders, further studies are needed to assess predictors for success 
in this group of patients.
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