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ABSTRACT
We tested the hypotheses that in patients with congestive heart failure (CHF)
and sleep-disordered breathing (SDB) auto-servo ventilation (ASV) improves cardiac
function and quality of life.
Between 3/2007 and 9/2009 patients with stable CHF (left ventricular ejection
fraction, LVEF≤40%) and SDB (apnea-hypopnea index, AHI ≥20/h) were randomized
to either ASV (BiPAP ASV, Philips Respironics, n=37) and optimal medical
management or optimal medical management alone (n=35). Outcomes were
assessed at baseline and 12 weeks.
The AHI assessed with polysomnography scored in one core-lab was
significantly more reduced in the ASV-group (-39±16 vs. -1±13 /hour, p<0.001) with
an average use of 4.5±3.0 hours/day. Both groups showed similar improvements of
the primary endpoint LVEF (+3.4±5 vs. +3.5±6 %, p=0.915) assessed with
echocardiography. In the ASV-group reduction of N-terminal pro brain natriuretic
peptide (NT-proBNP) was significantly greater (-360±569 versus +135±625 ng/ml,
p=0.010). No differences were observed between the groups in subjective quality of
life.
In patients with CHF and SDB ASV reduced NT-proBNP levels, but
improvement of LVEF or quality of life was not greater than in the control group. Data
support that such patients can be randomized in large scale long-term trials of PAP
therapy versus control to determine effects on cardiovascular outcome.
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INTRODUCTION
Congestive Heart Failure (CHF) is associated with repeated hospitalizations,
high morbidity and mortality [1, 2]. The implementation of poly-pharmaceutical and
device therapies has resulted in an improved outcome for the patients [3, 4].
However, symptomatic CHF continues to confer a poor prognosis that is equivalent
to some malignancies, with a five-year mortality of 20 to 50% [5]. Thus
complimentary, non-pharmaceutical, therapies are needed.
One potential therapeutic target in CHF patients is the treatment of any coexistent sleep-disordered breathing (SDB). Recent estimates suggest that SDB
affects 51 to 71% of patients with CHF [6, 7]. The consequences of SDB, such as
hypoxia, increased sympathetic drive and cardiac after-load may adversely affect
heart function and contribute to the increased morbidity and mortality associated with
CHF [8-10]. This increased mortality was not reversible in the largest randomized
trial of continuous positive airway pressure (PAP) for patients with central sleep
apnea (CSA) and CHF [11]. However, a post-hoc analysis of this trial [12]
demonstrated that those with suppression of CSA by continuous PAP had marked
improvements in LVEF and transplant-free survival compared to control patients who
were not treated with continuous PAP. These data suggest that adequate
suppression of SDB may play a key role in improving cardiovascular outcome in such
patients.
Auto-servo ventilation (ASV) suppresses CSA better than continuous PAP
therapy, in patients with and without coexisting obstructive sleep apnea (OSA) [13,
14]. Randomized trials investigating the short-term effects of ASV on cardiac function
in patients with CHF and CSA have been small and their findings inconsistent [13,
15-17], with two out of four not showing a significant improvement of LVEF [15, 16].
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However, in the absence of a significant change of LVEF, one trial [16] demonstrated
a significant fall of plasma brain natriuretic peptide as a surrogate marker of cardiac
function [2, 18].
While CHF patients with SDB and SDB-related symptoms usually improve
their daytime hypersomnolence and quality of life on treatment with positive airway
pressure support [19], it is unknown, whether SDB should be routinely treated in CHF
patients with no or mild SDB-related symptoms. Therefore, we performed a multicentre randomized, open label with blinded and centralized evaluation of outcomes,
parallel group trial to test whether in patients with CHF and SDB with no or mild SDBrelated symptoms, additional treatment with ASV improves daytime cardiac function
and quality of life (QoL) compared to stable optimal medical management alone.

METHODS
Sample size
The sample size for the primary outcome (LVEF) was calculated using
analysis of variance, assuming an improvement in left ventricular ejection fraction of
4.0%, a standard deviation of 5.0 and a drop-out rate of approximately 15%. Based
on these assumptions, at a 2-sided alpha of 0.05, with 80% power, approximately 35
subjects per group were required.

Patients
Candidates for participation in the trial included patients aged 18-80 years,
with CHF (NYHA Class II-III) due to ischemic, non-ischemic or hypertensive
cardiomyopathy, a LVEF 40%, stable clinical status and stable optimal medical
therapy according to the guidelines of the European Society of Cardiology [2] for at
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least 4 weeks and an apnea-hypopnea index (AHI) 20 per hour of sleep assessed
by in-laboratory polysomnography. Patients were excluded if they had unstable
angina, myocardial infarction, cardiac surgery or hospital admissions within the
previous 3 months, or they had contraindications for PAP therapy, were using
oxygen therapy, had severe pulmonary disease, or symptoms of SDB that required
immediate treatment. All patients gave written informed consent to participate in the
trial. The protocol was approved by the local ethics boards of each participating
center. The trial is registered at http://www.controlled-trials.com (ISRCTN04353156).

Screening
Polysomnography was performed using the core equipment available at each
of the four participating centres (Regensburg, Germany; Laval, Canada; Clamart,
France and Swansea, United Kingdom). Thoraco-abdominal effort and airflow were
recorded quantitatively by respiratory inductance plethysmography and nasal
pressure cannula [20]. Sleep stages, apneas and hypopneas were measured,
defined and scored according to standard diagnostic criteria as described previously
[20]. The AHI was defined as the number of apneas and hypopneas per hour of
sleep. To ensure quality control a blinded analysis of each sleep study was
centralized to two experienced sleep technician.

Echocardiography
Transthoracic echocardiographic was performed according to current
recommendations for chamber quantification [21]. LVEF was calculated according to
a modification of the Simpson’s method (end-diastolic minus end-systolic volume
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divided by end-diastolic volume). To ensure quality control a blinded analysis of each
echocardiogram was centralized to two experienced analysts.

Randomization
Eligible patients were randomly assigned to either the control group, who
continued to receive optimal medical management of heart failure, or the ASV group,
who in addition, received ASV therapy (1:1). Randomization was performed by
computerized schedule in random blocks of 4 and was stratified by type of SDB (e.g.
OSA and CSA). Randomization codes were made available by fax-back request after
testing for eligibility for the study.

Initiation of Auto-servo Ventilation
By protocol night time pressure settings had to be in the range of tolerated
pressure settings during an attended daytime titration with monitoring of blood
pressure and heart rate. During the first night CPAP was titrated under
polysomnographic monitoring from 4 cmH2O in 1 cmH2O increments to the point
where any sign of flow limitation was eliminated, or the maximum level the patient
could tolerate (≤10 cmH2O).
Before initiating ASV at night a daytime titration with bilevel PAP was
performed in order to avoid long term application of ASV with pressure settings that
may lead to hemodynamic compromise. First baseline blood pressure (BP) and heart
rate (HR) were recorded as described. Expiratory PAP was set at the optimal CPAP
level suppressing upper airway obstruction determined by polysomnography.
Inspiratory pressure support (IPS) was titrated starting from 1 cmH2O and increased
by 1 cmH2O up to the maximum of 10 cmH20 every 5 minutes after BP and HR
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reading was taken. Attended daytime IPS titration was stopped when a pressure of
10 cmH2O was reached or if mean BP <60mmHg or a drop of 15mmHg occurred or
the patient did not tolerate IPS.
At the ASV initiation night the expiratory PAP of the ASV device was set to the
continuous PAP determined during the titration night. The minimum inspiratory PAP
was set to the expiratory PAP level, and the maximum inspiratory PAP to a maximum
of 10 cmH2O above the expiratory PAP level, or not higher than the maximum the
patient could tolerate during the daytime test. The default back-up rate of the
machine was used. Assessment of hours of ASV use over this period, were obtained
from the downloadable SmartCard located in the device.

Measurement of primary and secondary outcomes
Values from the in-laboratory polysomnography and echocardiography tests,
performed during screening, were taken as baseline. The primary outcome of the trial
was the change in LVEF within twelve weeks of treatment. All secondary outcome
measures were performed at baseline and at 12 weeks after randomisation.
Serum samples were stored at -70ºC and analysed using standard techniques
for measurement of N-terminal pro brain natriuretic peptide (NT-proBNP) and
creatinine in one batch at a central laboratory. Glomerular filtration rate was
estimated using the four-variable abbreviated modification of diet in renal disease
(4vMDRD) formula.
Two questionnaires were used to assess QoL, the SF-36 as a generic QoL
questionnaire [22] and the Minnesota Living with Heart Failure Questionnaire
(MLHFQ) as a HF specific questionnaire [23]. For the SF-36, a score of 0
represented worst and 100 best possible health. For the MLHFQ, higher scores
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indicated more severe impairment. Fatigue was measured using the FatigueSeverity-Scale [24]. Higher scores suggest indicated worsening symptoms.

Statistical Analysis
The intention to treat (ITT)-analysis set contained all randomized patients
(Figure 1). Patients who had a significant change in cardiac medication as a
competing treatment during the period of the trial may influence the results.
Therefore, the Per-Protocol (PP)-set was also analyzed. It contained all patients in
the ITT set, excluding those who had a change in cardiac medication, prematurely
withdrew from the study, or received the wrong treatment allocation (Figure 1).
The primary outcome of the trial, change in LVEF within twelve weeks of
treatment, was tested with the two-sided independent samples t-test at the 5%
significance level. Statistical tests were performed for the between group differences
of the week 12 values (adjusted for possible baseline differences with a linear
regression) and the change in value within twelve weeks of treatment (independent
samples t-test). Changes throughout the study within one group were assessed with
the paired samples t-test. All statistical analyses apart from the primary endpoint
were performed in an explorative manner and no multiplicity adjustment of the pvalues was performed. All primary and secondary endpoint analyses were first
performed on the ITT-population and then repeated on the PP-population. In the ITTpopulation, the change in LVEF was also analyzed by type of SDB. In the PPanalysis all secondary endpoints were analyzed by type of SDB. All statistical tests
were two-sided with significance level of 5%. All statistical analyses were performed
with SPSS 18.0.
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RESULTS
Trial Flow
A total of 194 patients were screened for eligibility (Figure 1). After excluding
the majority of them due to AHI<20 per hour of sleep or LVEF>40%, 72 patients were
randomized to ASV (n= 37) and the control group (n=35). All patients received the
treatment they were allocated, except for one control patient who was treated with
ASV.
The ITT-analysis set consists of all 72 randomized patients in the groups they
were randomized (Figure 1). The PP-analysis set contained 21 patients in the ASV
and 21 patients in the control group. Reasons for exclusion were early withdrawal,
one patient from the control group, who was treated with ASV, as well as
cardiovascular medication change, in order to avoid bias from competing therapies.

Patients
Table 1 shows the similarity in the baseline characteristics of the two groups.
As expected, the majority of the patients were middle-aged males. The only
significant difference was in BMI, which was lower in the ASV group (Table 1). The
proportion of patients using cardiac medication is shown in Table 1 and did not
change significantly during the follow-up period. Only in one patient from the control
group a beta-receptor blocker was added and in 2 patients from the ASV group
spironolactone was discontinued. The occurrence of serious adverse events was
similar between the groups (Table 2).
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Intervention
Bilevel PAP daytime test
When IPS in addition to expiratory PAP (mean 8.1±1.7 cmH2O) was raised
from 0 to 10 cmH2O, neither systolic, diastolic, mean BP nor mean HR changed
significantly with expiratory PAP+IPS (p=0.93, p=0.96, p=0.92 and p=0.88, Figure
E1). Five patients terminated the bilevel PAP daytime test early due to discomfort
because of pressure intolerance. In one patient the mean BP dropped to 58 mmHg at
an endexpiratory PAP of 15 cmH2O plus 8 cmH2O IPS. Until termination of the
daytime test none of the patients experienced symptoms of hemodynamic
compromise.

Intention-to-Treat-Analysis
Adaptive Servoventilation Settings and Compliance
Daily device use was 4.5 hours on a mean expiratory PAP of 8.1±1.7 cmH2O
and the maximum inspiratory PAP was set at a mean of 14.0±5.3 cmH2O. Automatic
back-up rate was used in all patients.

Primary Outcome
The change in LVEF, the primary endpoint of the study, was similar in the ASV
and control patients with both arms showing a modest improvement (2.8±5.5 vs.
2.3±6.5%, p = 0.767, Table 3). The primary endpoint was analyzed according to the
four participating study centers in order to rule out center or country bias. In all
centers the change in LVEF was similar in the ASV and control patients
(Regensburg, Germany: n= 23, p=0.964; Laval, Canada: n=31, p=0.557; Clamart,
France: n=7, p=0.918; Swansea, United Kingdom: n=9, p=0.472).
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In the subanalyses of patients with OSA (n=36) and CSA (n=32) the change in
LVEF was not significantly different between the ASV and the control group (OSA:
3.0±5.4 vs. 1.8±6.9%; CSA: 2.5±5.8 vs. 3.0±6.2%, p>0.05 for both comparisons).

Secondary Outcomes
In the ASV group AHI and central AHI were significantly more decreased
compared to the control group (Table 3). Mean SaO2 increased significantly in the
ASV compared to the control group, respectively (Table 3), indicating that ASV
effectively suppressed SDB.
There were statistically non-significant trends for a fall of NT-proBNP and a
rise of glomerular filtration rate in the ASV-group compared to the control group (-431
ng/ml, p=0.064 and 5.52 ml/min/1.73m2, p=0.076, respectively, Table 3). The
changes in all other secondary outcomes including general and disease specific QoL
and symptoms were similar between the groups (Table 3).

Per-Protocol-Analysis
Primary outcome
There were moderate improvements between baseline and 3 month values of
LVEF in both the ASV and control arms, but the between-group differences were
again similar (3.8±5.0 vs. 4.1±6.8%, p=0.915; Figure 2C). In the ASV group the
change of AHI between baseline and 12 weeks was not significantly related with
changes in LVEF (linear regression analysis R2=0.029, p=0.52).

11

Secondary Outcomes
There were significant reductions in the AHI, central AHI and a rise in mean
SaO2 on ASV therapy (Figure 2A and 2B). There was a significant decrease in NTpro BNP in the ASV compared to the control group (-372±581 vs. 142±640, p=0.010;
Table E1, Figure 2D). P-values were adjusted for baseline differences. GFR was
similar between the groups and showed no statistically significant change over time.
Three of the eight subscores of the SF-36 questionnaire (Social Functioning,
Bodily Pain and General Health) improved statistically significant in the ASV
compared to the control group (p =0.011, p=0.019 and p=0.013, respectively). The
change in the physical and the mental component score of the SF-36 was not
different between the ASV and control groups (Figure E2).
A larger reduction of MLHFQ total score was observed in the active treatment
group (-8.2±16.4) than in the control group (-1.15±15.0; Figure E2). This difference
was not statistically significant due to the large variation of the scores. While the
Epworth Sleepiness Scale Score remained similar in both the ASV and control group,
there was a non-significant reduction of the Fatigue Severity Scale on ASV therapy
(Figure E2).

Subanalysis in patients with central and obstructive sleep apnea
Of the PP-population 21 patients had predominantly OSA, of whom 10 were
randomized to the ASV and 11 to the control group, respectively, and 21 patients had
predominantly CSA, of whom 11 were allocated to the ASV and 11 to the control
group. The change of LVEF from baseline to 12 weeks was similar in the ASV and
control group in both the OSA and the CSA patients, respectively (OSA: 3.6±3.5
versus 4.6±6.9 %, p>0.05; CSA: 3.7±6.3 versus 3.4±7.0 %, p>0.05). The effects of
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ASV on secondary outcomes in the OSA and CSA patients were similar to the results
in the entire PP-population.

Effects of treatment adherence to ASV
For this prespecified analysis, the ASV group was stratified into groups with ≥4
and <4 hours use of the ASV device per night, respectively. The control, ASV use < 4
hours and ASV use ≥4 groups had an increasing time of intervention per night (0,
0.56 and 4.76 hours). In association with this increasing time of ASV use, there were
stepwise trends towards greater improvements in NT-pro BNP, glomerular filtration
rate, the Physical Component Score of the SF-36 questionnaire and the FatigueSeverity-Scale (Figure 3 A-D).

DISCUSSION
The major findings of this randomized, multi-centre, open label, parallel group
trial of ASV therapy in patients with CHF and SDB are, that: (1) ASV effectively
suppressed SDB (both CSA and OSA) and adherence to this therapy was
satisfactory at 4.5 hours per night; (2) ASV was not associated with an improvement
of LVEF, the primary outcome, but was associated with a significant fall of NTproBNP, as a surrogate for cardiac loading conditions and cardiac function in the PPanalysis; (3) ASV did not influence significantly glomerular filtration rate, general and
disease specific QoL, or symptoms of fatigue and sleepiness.
In line with previous studies, ASV proved to be an efficient treatment for coexisting CSA and OSA, in patients with CHF [13-15, 17, 20, 25]. In addition, the
observed ASV use of 4.5 hours per night is similar to other short and mid-term ASV
trials, where the usage range was 4.2 to 5.2 hours per night [13, 15, 17, 25].
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Considering the relatively short sleep duration of CHF patients [26], the adherence
levels obtained in this trial could be considered satisfactory.
The present trial was powered to detect significant differences in the primary
endpoint LVEF, however, neither the ITT nor the PP analysis showed significantly
greater improvement of LVEF in the ASV compared to the control group. In the ASV
group the change of AHI between baseline and 12 weeks was not significantly
related with changes in LVEF. Thus, the data of the present study support previous
trials who did not find a significant effect of ASV on LVEF in CHF patients with SDB
[15, 16, 27] compared to control interventions (e.g. optimal medical management
alone or other forms of PAP therapy). In contrast, Philippe and co-workers [17] found
a significant increase in LVEF of 7% in a small subset of 7 CSA patients treated with
ASV. Similarly Hastings et al. [25] observed, in a non-randomized trial of ASV in CHF
patients with CSA, an increase in LVEF of 6%. Recently, in a 3 months randomized
trial comparing the effects of ASV and CPAP in CHF patients with co-existing CSA
and OSA, Kasai and colleagues observed a significant improvement of LVEF in
patients using ASV (n=16) compared to CPAP (+9.1 versus +1.9%, respectively)
[13]. Sharma and colleagues [36] recently studied the effects of ASV on LVEF
compared to a control intervention in a meta-analysis including 6 non-randomized
and 4 randomized trials. Including all studies ASV did significantly improve LVEF.
However, this result is mainly based on the non-randomized trails, while in
randomized trials the effects of ASV on LVEF are modest (<2%) [36]. Study design
appears to have an influence on effect size, while no specific characteristics of
patients, who may have the greatest improvement of LVEF on ASV could be
identified [36].
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There was a significant reduction of NT-proBNP in the ASV-group and an
increase in the control group. Such effects cannot be explained by changes in
pharmacological therapy or renal function in the present study, as these potential
confounders did not change significantly. One possibility is that ASV improved
cardiac pre-load and afterload, which could lead to a reduction of cardiac morbidity
[28]. The observed effect size is similar to the 23% reduction of BNP that was found
in a previous randomized-cross-over trial after a 4 week ASV treatment period in
CHF patients with CSA [16], but less than it has been observed with cardiac resynchronisation therapy (42% in association with an increase of LVEF) [29].
One potential reason for the finding that ASV does improve NT-proBNP and
does not improve LVEF, compared to the control group could be the time of day
blood was drawn (morning) and echocardiography (time of day was not predefined)
was performed. When observing studies of CPAP in OSA patients, the greatest
effects on blood pressure [30] are present in the morning hours. A similar
dissociation of effects of ASV on BNP and LVEF in CHF patients and CSA [16] or
CSA with coexisting OSA [27] was observed previously.
In accordance with the findings of Pepperell and colleagues [16] we did not
observe significant effects of ASV on general and disease specific quality of life. In
contrast, Philippe and colleagues [17] demonstrated an improvement in disease
specific quality of life as assessed with the Minnesota Living With Heart Failure
questionnaire after 6 months of ASV treatment. However, as in the present study,
this effect was not observed at 3 months [17].
As reported in the literature, patients in the present study did not report
excessive daytime hypersomnolence at baseline [26, 31-33], thus no significant
change of this symptom was observed. However, fatigue was observed at baseline,
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as indicated by a FSS score of more than 36 [34], and a non-significant fall was
observed after 3 months of ASV therapy, bringing this score back into the normal
range. Fatigue has not been evaluated in comparable intervention trials.
This trial has several strengths and limitations. To optimize data quality,
polysomnography recordings from all centres were centrally scored by two
experienced sleep technicians at the University of Pennsylvania who were blinded to
the clinical data of the patients. Most other trials in this field have been single centre
[16, 19, 25, 27, 32, 35]. In addition, all patients in the present study were on
contemporary cardiac medication [2] which has developed considerably in recent
years.
One limitation of the study is that some patients had a competitive therapy
during the trial period (change in cardiac medication), such patients had to be
excluded in the PP-analysis. E.g. after cardiac worsening (n=3 in ASV-group and n=5
in control-group, respectively) patients received intensified diuretic treatment leading
to improvement of cardiac function. Thus, although the present study is to date the
largest randomized-controlled trial of ASV in CHF patients with SDB assessing
cardiac function, the PP-analysis did not comply with the calculated sample size and
the trial therefore lacked the necessary power to reliably address the effects on
several of the outcome measures and to perform important subanalyses such as
whether effect sizes depend of age or cause of heart failure.
However, a stepwise trend towards greater improvements in glomerular
filtration rate, general quality of life (physical component score) and fatigue in the
group of patients who complied with ASV therapy, suggest that these outcomes
should be re-evaluated in larger trials.
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In summary, this trial supports the notion that ASV is an effective treatment for
both CSA and OSA in patients with CHF. Despite the lack of SDB-related symptoms
in this group of patients, adherence to ASV therapy was satisfactory in most patients.
ASV in CHF patients with SDB reduces NT-proBNP levels as a surrogate for
improvement of cardiac loading conditions and function. These changes were not
associated with greater improvement of LVEF in the ASV compared to the control
group. There were no significant improvements in QoL or symptoms. The results
support that CHF patients with CSA and OSA with no or mild SDB-related symptoms
can be randomized in large scale long-term trials of PAP therapy versus control in
order to determine whether PAP therapy can improve cardiovascular outcome in
such patients.
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FIGURE LEGENDS
Figure 1 Trial Flow. EF – Ejection Fraction; AHI – Apnoea Hyperpnoea Index; ITT –
Intention to Treat; CV - Cardiovascular; ASV – Auto-Servo Ventilation.

Figure 2 Effects of Auto-Servoventilation on Apnea-Hypopnea Index (A), central
Apnea-Hypopnea Index (B), left ventricular ejection fraction (C) and N-terminal pro
Brain Natriuretic Peptide (D) in the Per-Protocol data set.
LVEF – Left Ventricular Ejection Fraction; NT-proBNP – N-terminal pro Brain
Natriuretic Peptide; ASV – Auto-Servo Ventilation.

25

Figure 3 Effects of the duration of Auto-Servoventilation use on changes of outcome
measures from baseline to 12 weeks in the Per Protocol data set.
ASV-C – Auto-Servo Ventilation Compliant (defined as ≥ 4 hours device use per
night); ASV-NC – Auto-Servo Ventilation Non-Compliant (defined as <4 hours device
26

use per night); NT-proBNP – N-terminal pro Brain Natriuretic Peptide (A); GFR –
Glomerular Filtration Rate (B); SF-36 – Short Form 36 questionnaire (C); FSS –
Fatigue Severity Scale (D); CS – Component Score; C – Component.
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Table 1 Baseline Characteristics
ASV

Control

n

37

35

Age (years)

64±10

65±9

Male, n (%)

34 (92)

32 (91)

BMI (kg/m2)*

28.9±4.3

31.6±4.9

Systolic BP (mmHg)

119±15

118±17

Diastolic BP (mmHg)

70±11

70±9

Heart Rate (BPM)

70±11

69±11

NYHA-Class II n (%)

28 (76)

26 (74)

NYHA-Class III n (%)

9 (24)

9 (26)

Ischaemic, n (%)

19 (51)

20 (57)

Non Ischaemic, n (%)

18 (49)

15 (43)

History of Atrial Fibrillation, n (%)

10 (27)

15 (43)

Bi-ventricular Pacemaker, n (%)

3 (8)

6 (17)

Cause of Heart Failure

Rhythm & Pacing

Implanted Cardiac Defibrillator, n (%) 16 (43)

17 (49)

Medication
Diuretic, n (%)

24 (65)

32 (91)

Spironlactone, n (%)

18 (49)

18 (51)

ACE-inhibitor, n (%)

27 (73)

24 (69)

AT-receptor blocker, n (%)

12 (32)

9 (26)

Beta-receptor blocker, n (%)

29 (78)

32 (91)

Data is presented as mean±SD unless otherwise stated. ASV – Auto-Servo
Ventilation; n - number; BMI - Body Mass Index; BP – Blood Pressure; NYHA –
New York Heart Association; ACE - Angiotensin-Converting Enzyme; AT Angiotensin. *p=0.017 using an independent samples t-test.
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Table 2 Serious adverse events
ASV

Control

Serious adverse event , n (%)

6 (16)

7 (20)

Cardiac worsening, n (%)

3 (8)

5 (14)

Death during study, n (%)

1 (3) -

0 (0)

Pneumonia
Other n (%)

2 (5)

2 (6)

Lung Cancer, n

0

1

DVT/PE, n

1

0

Duodenal Ulcer, n

0

1

Foot Ulcer, n

1

0

Data is presented as n (%). ASV – Auto-Servo Ventilation; n - number; DVT – Deep
Vein Thrombosis; PE –Pulmonary Embolism .

2

Table 3 Outcome Measures – Intention-to-Treat Analysis Set
ASV

P Value

12 Weeks

Control
Baseline
12 Weeks

48 ± 18
20±16
93.6±2.3

11 ±10
5±5
95.4±1.9

47±19
19±15
93.5±2.9

47±22
20±15
93.5±2.6

<0.001
<0.001
0.001

29.9±7.2
1039±1034
65.3±19.1

33.1±8.6
940±1072
68.7±20.4

29.4±6.9
1611±2102
63.2±20.8

31.7±8.9
1562±1698
63.2±20.8

0.728
0.064
0.076

39±10
47±12

43±9
47±13

40±8
47±12

39±10
49±13

0.101
0.624

Baseline
Intervention
AHI (events/hour)
Central AHI (events/hour)
Mean SaO2 (%)
Surrogates of Cardiac & Renal Function
LVEF (%)
NT-pro BNP (ng/ml)
Glomerular Filtration Rate (ml/min/1.73m2)
General Quality of Life - SF-36
Physical Component Score
Mental Component Score
Disease Specific Quality of Life - MLHFQ

32.4±22.8

25.6±22.3

38.2±21.6

33.2±19.9

0.377

Symptoms
Fatigue Severity Scale Score
Epworth Sleepiness Scale Score

42.9±16.9
7.5±4.4

37.2±17.2
8.1±4.2

41.2±18.0
9.0±5.0

37.4±17.2
8.4±4.6

0.385
0.830

Data is presented as mean±SD. Exclusion was performed per variable. ASV – Auto-Servo Ventilation; AHI - Apnea Hypopnea
Index; LVEF – Left Ventricular Ejection Fraction; NT-pro BNP – N Terminal-pro B-type natriuretic peptide; SF-36 – Short Form 36
questionnaire; MLHFQ – Minnesota Living with Heart Failure Questionnaire. P value is for the between group differences, adjusted
3

for baseline differences using a linear regression. At baseline and 12 weeks all available data from the randomized patients (ASV
n=37, Control n=35) and the ITT analysis set (ASV n=32, Control n=31) are shown.
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