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An update of the 2012 systematic review and meta-analyses were performed and a modified-GRADE approach was used to update the recommendation
for the use of adaptive servo-ventilation (ASV) for the treatment of central sleep apnea syndrome (CSAS) related to congestive heart failure (CHF). Metaanalyses demonstrated an improvement in LVEF and a normalization of AHI in all patients. Analyses also demonstrated an increased risk of cardiac
mortality in patients with an LVEF of ≤ 45% and moderate or severe CSA predominant sleep-disordered breathing. These data support a Standard level
recommendation against the use of ASV to treat CHF-associated CSAS in patients with an LVEF of ≤ 45% and moderate or severe CSAS, and an Option
level recommendation for the use of ASV in the treatment CHF-associated CSAS in patients with an LVEF > 45% or mild CHF-related CSAS. The application
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by the clinician.
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I N T RO D U C T I O N

BACKG RO U N D

The most recent practice parameter paper by the American
Academy of Sleep Medicine (AASM) on the treatment of central sleep apnea syndrome (CSAS) in adults was published in
2012.1 Since the publication of the current practice parameters,
the scientific literature on adaptive servo-ventilation (ASV) for
the treatment of CSAS has grown considerably. In particular,
recent evidence from the SERVE-HF trial demonstrated an
increase in cardiovascular mortality in heart failure patients
with a reduced ejection fraction using ASV compared to a
control group.2 These findings resulted in the device manufacturer (ResMed) issuing a Field Safety Notice in 2015 stating
that ASV therapy is contraindicated in this specific patient
population.3
Due to this new evidence, the AASM recommissioned the
same physician Task Force members who formulated the 2012
practice parameter paper to update the specific recommendations pertaining to the use of ASV to treat CSAS associated
with congestive heart failure, i.e. 4.2.3a Adaptive Servo-Ventilation (ASV) targeted to normalize the apnea-hypopnea index
(AHI) is indicated for the treatment of CSAS related to CHF
(STANDARD).

Adaptive servo-ventilation (ASV) is a form of bilevel positive airway pressure (BPAP) therapy that is increasingly
used to treat sleep-related breathing disorders, particularly
central sleep apnea (CSA). Similar to BPAP and continuous
positive airway pressure (CPAP), ASV provides expiratory
positive airway pressure (EPAP) that can be adjusted to control obstructive events. However, ASV therapy differs from
CPAP or BPAP by providing dynamic (i.e. breath-by-breath)
adjustment of inspiratory pressure support (IPS) and utilizing an auto-backup rate to normalize breathing rate relative
to a predetermined target. Two manufacturers currently offer ASV devices in North America: ResMed and Phillips
Respironics.
The ResMed ASV (AirCurve 10 ASV, S9 VPAP Adapt,
VPAP SV, VPAP Adapt, or VPAP Adapt Enhanced) uses a
three minute moving average to monitor and determine an appropriate target minute ventilation, set to 90% of their most
recent minute ventilation. This target threshold prevents under
and over ventilation by dynamically increasing (for hypopneas) or decreasing (for hyperpneas) inspiratory pressure support (IPS) as needed. Together with a back-up respiratory rate
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Figure 1—Evidence base flow diagram.

PICO Question

(set dynamically at 15 breaths/min), when a patient’s minute
ventilation falls below the set target, ResMed’s ASV automatically adjusts the inspiratory pressure support to provide the
ventilation needed. As breathing stabilizes, the pressure delivered is rapidly reduced back towards the minimum required.
ResMed’s newest ASV device, AirCurve 10 ASV, has a maximum pressure of 25 cmH2O and can be set to an IPS of 0 to
20 cmH2O.
The Philips Respironics ASV (BiPAP autoSV Advanced
System One) utilizes inspiratory flow as the primary variable
to identify and respond to sleep-related breathing disorders
(SRBD). In the absence of SRBD, EPAP is automatically determined based on the REMstar Auto algorithm. The algorithm
identifies and responds to obstructive sleep disordered breathing events as they occur. During periods of airway stability,
the algorithm will proactively assess the airway to minimize
pressure while optimizing airway patency. The maximum inspiratory positive airway pressure is 30 cmH2O with a minimum EPAP of 4 cmH2O. The Philips Respironics ASV devices
are also capable of withdrawing IPS entirely during periods
of normal breathing. All Respironics ASV devices have two
methods of setting a backup rate: a fixed rate determined by
the operator, or an auto mode that synchronize with the patient’s intrinsic rate.

An amended PICO question 2 was used in order to update this
recommendation:
“Does adaptive servo-ventilation improve clinical
(transplant-free survival) or surrogate (left ventricular
ejection fraction or apnea-hypopnea index) outcomes in
patients with CSAS and congestive heart failure”

Literature Searches, Evidence Review and Data
Extraction

A literature search was performed on November 15, 2015 by
the AASM research staff using the PubMed database (see
Figure 1), using the following criteria:
a) (adaptive servo ventilation OR ASV) AND
b) sleep apnea syndromes AND
c) articles published from June 2010–present AND
d) limits of adults 19+, English, and humans
This resulted in 51 publications. Full keywords and MeSH
terms for the literature search can be found in the appendix (see
supplemental material, “Literature Search String”). Abstracts
from all retrieved articles, including “pearled” publications,
were individually assessed by two task force (TF) members to
determine whether the publication should be included for further consideration in the project. Inclusion criteria were:
a) A minimum of 5 patients plus clinical outcomes
measures of mortality/transplant-free survival, left
ventricular ejection fraction (LVEF), or apneahypopnea index (AHI).
AND
b) Sleep-disordered breathing is clearly differentiated
between CSA and OSA.
AND
c) The central sleep apnea index is greater than the
obstructive sleep apnea index OR the percentage of
central events is greater than 50% of respiratory events.

M E T H O D O LO GY

Expert Task Force

In order to develop this recommendation update, the AASM
re-commissioned the authors of the 2012 Practice Parameters
paper and the AASM Science and Research Department staff
members. Prior to appointment, the authors were required to
disclose all potential conflicts of interest (COI) according to
the AASM’s policy. All relevant conflicts of interest are listed
in the Disclosures section.
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Table 1—AASM strengths of recommendations.
High
STANDARD

Overall Quality of Evidence
Moderate
Low
STANDARD
GUIDELINE

Very Low
OPTION

Benefits closely balanced with harms/burdens OR
Uncertainty in the estimates of benefits vs harms/burdens

GUIDELINE

GUIDELINE

OPTION

OPTION

Harms/burdens clearly outweigh benefits

STANDARD

STANDARD

STANDARD

STANDARD

Assessment of Benefits vs. Harms/Burdens
Benefits clearly outweigh harms/burdens

Twenty new studies were approved for inclusion. Of the studies
used for the 2012 practice parameters, 9 were included, for a
total of 29 studies included in the new evidence base. Twentyseven were used for the meta-analysis. Full texts of accepted
articles were inspected closely; data pertaining to the outcomes of interest were extracted into spreadsheets by AASM
staff. If outcome data were not presented in the format necessary for statistical analysis (i.e. mean, standard deviation,
and sample size), the paper was discussed but not used in the
meta-analyses.

relatively few patients and few events. Indirectness occurs
when the question being addressed is different than the available evidence regarding population, intervention, comparator,
or outcome. There is inconsistency when there is unexplained
heterogeneity of the results. Reporting bias can occur if there
is selective reporting of studies or outcomes, which may occur
if the published evidence is limited to a small number of trials
funded by a for-profit organization.
To determine the strength of the recommendation, the TF
assessed the quality of evidence, balance of beneficial and
harmful effects to determine the strength of a recommendation, according to Table 1.

Statistical and Meta-Analysis

For the outcomes of interest, data from baseline and last treatment time points were used for all statistical and meta-analyses.
For adverse events, all data presented in the included papers
were used for statistical and meta-analysis. All calculations
and meta-analyses were performed using Review Manager
5.3 software. Whenever possible, meta-analyses were performed by pooling data across studies for each outcome and
adverse event. The evidence was grouped for analysis based
on the clinical outcome of interest and LVEF inclusion criteria
(≤ 45% and > 45%).
Meta-analyses for continuous outcomes were performed
as pre-post analyses using the random effects model, while
relative risk was used for dichotomous outcomes. For most interventions, absolute effects of treatments are represented by
the mean difference (MD) ± standard deviation (SD) of posttreatment vs post-placebo. The result of each meta-analysis is
displayed as a forest plot. Pooled results for continuous outcomes are expressed as the total number of patients, mean difference (MD) and 95% confidence interval (CI) between the
experimental treatment and placebo. Relative risk is presented
as baseline risk of the control group (events per thousand) and
comparative risk of the intervention (events per thousand).

Approval and Interpretation of Recommendations

The final guideline was submitted to the AASM Board of
Directors who approved these recommendations.
The recommendations in this guideline define principles of
practice that should complement the 2012 Practice Parameters
to meet the needs of most patients in most situations. This
guideline should not, however, be considered inclusive of all
proper methods of care or exclusive of other methods of care
reasonably used to obtain the same results. The ultimate judgment regarding propriety of any specific care must be made by
the clinician, in light of the individual circumstances presented
by the patient, available diagnostic tools, accessible treatment
options, and resources.
The AASM expects this guideline to have an impact on
professional behavior, patient outcomes, and, possibly, health
care costs. This clinical practice guideline reflects the state of
knowledge at the time of publication and will be reviewed and
updated as new information becomes available.
R ECO M M E N DAT I O N S

Strength of Recommendations

Adaptive Servo-Ventilation for the Treatment of
Central Sleep Apnea Syndrome Related to Congestive
Heart Failure

The assessment of evidence quality was performed by AASM
staff and the task force. The task force followed the GRADE
process that was used in the 2012 Practice Parameters, with
slight modifications to the initial quality rating based on recent
publications from the GRADE working group.4 The results are
reported in Table S1 in the supplemental material.
Briefly, risk of bias includes aspects of study design (randomized control trials [RCTs] versus non-randomized controlled trials or before-after trials) and conduct such as
blinding, allocation concealment, large loss to follow up, or
selective outcome reporting. Imprecision refers to wide confidence intervals around the estimate of effect when there are

Recommendation 1: Adaptive servo-ventilation (ASV)
targeted to normalize the apnea-hypopnea index (AHI)
should not be used for the treatment of CSAS related
to CHF in adults with an ejection fraction ≤ 45% and
moderate or severe CSA predominant, sleep-disordered
breathing. (STANDARD AGAINST)
Remarks: The recommendation against using ASV is based
on evidence for increased risk of death in CHF patients with
LVEF ≤ 45%.
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Recommendation 2: Adaptive servo-ventilation (ASV)
targeted to normalize the apnea-hypopnea index (AHI)
can be used for the treatment of CSAS related to CHF
in adults with an ejection fraction > 45% or mild CHFrelated CSAS. (OPTION)

studies12–14 captured cardiac death during follow-up of 176 patients with an average LVEF ranging from 34% to 56% for an
average of 12–18 months.
Cowie et al.2 reported a significantly higher incidence of
cardiac death in ASV patients compared to patients receiving standard care (25% vs 20%, respectively; p = 0.03). The
remaining three studies reported significantly lower incidence of cardiac death in ASV patients compared to patients
receiving standard care (0–4% vs 11–25%, respectively;
p = 0.01 to < 0.01).12–14 However due to the heterogeneity of the
study results, the small study populations and shorter followup periods of these three studies, the task force relied exclusively on the data from Cowie et al. for the recommendations.
(see supplemental material, Figures S3A and S3B)

Summary
The overall quality of evidence for ASV is low due to mixed
study designs (i.e. a combination of randomized controlled
trials and observational studies). The quality of evidence for
LVEF and AHI are low due to a combination of study methodologies, which differs from the previous assessment of quality.
The quality of evidence for mortality (cardiac death) is high.
Meta-analyses indicate that ASV improves LVEF by 5.49%
(95% CI: 4.16% to 6.82%) and decreases the AHI by 30 events/h
(95% CI: −27 to −34 events/h) over baseline. Data from Cowie
et. al.2 demonstrate a relative risk of cardiac death of 1.25 (95%
CI: 1.02 to 1.53) in CHF patients with an LVEF ≤ 45% receiving ASV compared to standard care. (see Table S1)

Values and Tradeoffs: Although there is only one study
demonstrating a small but statistically significant increase in
mortality with ASV use in CHF patients with an EF ≤ 45%
and moderate or severe CSA, the strength of the evidence is
high given the study design, duration of follow-up, and sample size. Thus, at this time, ASV therapy should not be prescribed to heart failure patients with moderate or severe CSA
predominant, sleep-disordered breathing (SDB), and an ejection fraction ≤ 45%. However, the results from this singular
study cannot be generalized to other types of heart failure, i.e.
those with preserved ejection fraction (EF > 45%), mild sleepdisordered breathing, or those with obstructive sleep apnea
(OSA)-predominant SDB. It is also recommended that until
further data are available, other ASV devices not be prescribed
for the subgroup of heart failure patients with an ejection fraction ≤ 45% and moderate or severe central sleep apnea.

Discussion
One study5 compared therapeutic to sub-therapeutic ASV, 10 studies2,6–14 compared ASV treatment to standard care, 7 studies15–21
compared ASV treatment to baseline, 4 studies22–25 compared
ASV to CPAP, 3 studies26–28 compared it to BPAP-ST, 1 study29
compared ASV to either CPAP or BPAP (these 2 treatment results
were combined), and 3 study compared ASV to oxygen.30–32
Left Ventricular Ejection Fraction: Nineteen studies5,7–15,18,19,22–24,27,29,32 reported on the effects of ASV on LVEF.
The meta-analysis of the change in LVEF with treatment versus baseline is shown in Figure S1 in the supplemental material. The data show that ASV improves LVEF by 5.49%
(95% CI: 4.16 to 6.82%). Five longer-term (3–6 months) studies7,11,12,18,19 showed a statistically significant increase in LVEF
with ASV. A fourth study by Randerath et al. showed no significant change in LVEF with ASV.23 Finally, a study by Bitter
et al. could not be included in the meta-analysis because no
standard deviations were provided, but demonstrated a small
increase in LVEF with ASV.6 (see Figure S1)

D I SCUS S I O N A N D FU T U R E D I R EC T I O N S
Undoubtedly, there have been significant strides made over recent years to enhance our understanding of CHF-associated
CSAS and its treatment. However, critical gaps remain in the
literature. The current update highlights that, with the exception of the recent SERVE-HF, there continues to be a paucity of
high quality research, and especially clinical trials. Thus, there
are several potential investigative avenues to pursue.
For example, given that the SERVE-HF trial focused on CHF
patients with a reduced ejection fraction of < 45%, the results
cannot be extrapolated to patients with CHF and preserved
ejection fraction. Thus, studies that examine the sizable patient
population with CHF, CSAS, and an ejection fraction ≥ 45%
should be considered. There is likely to be considerable debate
regarding the details of study design and the implications of
the SERVE-HF trial, including the possibility of post-hoc data
analysis (since the study used an intent-to-treat design) which
could influence these recommendations in the future.33 Furthermore, manufacturer-based differences in algorithms between
ASV devices limit generalizability. Different ASV devices
need to be tested in clinical trials to ensure that inferences regarding the use of ASV devices in CHF-associated CSAS from
current, available data are in fact appropriate. Additionally, outcomes with ASV use in those with CHF and mild CSAS need

Apnea-Hypopnea Index: Twenty-six studies5,7–27,29–32 reported
data on the effects of ASV on AHI and were consistent in showing that ASV improves AHI over baseline. Meta-analyses indicate that ASV decreases AHI by 30 events/h (95% CI: −27
to −34 events/h) over baseline. Furthermore, 12 of the studies7,8,16,18,22,24–26,28–31 showed a normalization of AHI to 5 or less. Finally, studies by Bitter et al., Cowie et al. and Morgenthaler et al.
could not be included in the meta-analysis because they did not
provide standard deviation, but demonstrated a normalization of
AHI with ASV.2,6,28 (see supplemental material, Figure S2)
Mortality (Cardiac Death): Four studies2,12–14 reported
data on mortality in CHF patients using ASV compared to
standard care. Cowie et al.2 examined all-cause mortality as a
primary end point and cardiovascular death as a secondary end
point, following 1,325 patients with a LVEF of ≤ 45% (mean
32% ± 8%) an average of 31 months. The remaining three
Journal of Clinical Sleep Medicine, Vol. 12, No. 5, 2016
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to be explored. Overall, the data on the use of ASV (and other
positive airway pressure devices) in CHF-associated CSAS
continues to improve. However, investigative efforts need to be
expanded both in terms of the quality and quantity of studies.
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Literature Search String
((adaptive[All Fields] AND servo[All Fields] AND ("ventilation"[MeSH Terms] OR "ventilation"[All Fields]
OR "respiration"[MeSH Terms] OR "respiration"[All Fields])) OR ASV[All Fields]) AND ("sleep apnoea
syndromes"[All Fields] OR "sleep apnea syndromes"[MeSH Terms] OR ("sleep"[All Fields] AND "apnea"[All
Fields] AND "syndromes"[All Fields]) OR "sleep apnea syndromes"[All Fields]) AND
(("2010/06/01"[PDAT] : "2015/10/31"[PDAT]) AND "humans"[MeSH Terms] AND English[lang] AND
"adult"[MeSH Terms])
Table S1 – Summary of findings for ASV
ASV for CSAS in CHF patients
References: Artz 2008 (A); Artz 2013 (B); Campbell 2012 (C); Carnevale 2011 (D); Cowie 2015 (E); Fietze 2008(F); Joho 2012 (G); Kasai 2010(H);
Kasai 2013 (I); Kourouklis 2013 (J); Koyama 2010 (K); Koyama 2013 (L); Miyata 2012 (M); Oldenburg 2008(N); Oldenburg 2011 (O); Oldenburg
2013 (P); Owada 2013 (Q); Pepperell 2003(R); Philippe 2006(S); Randerath 2012 (T); Suzuki 2014 (U); Szollosi 2006(V); Yoshihisa 2011 (W);
Yoshihisa 2012 (X); Yoshihisa 2013 EJHF (Y); Yoshihisa 2013 Heart (A); Zhang 2006 (AA)
Outcomes

Left Ventricular Ejection
Fraction
(follow-up 0.5-6 months;
measured with: %; Better
indicated by higher values)

Quality of the
evidence
(GRADE)
⊕⊕⊝⊝
low2,3

Apnea-Hypopnea Index
⊕⊕⊝⊝
(follow-up 0.005 - 6 months; low2,3
measured with: No./hr sleep;
Better indicated by lower
values)

Absolute Effect
ASV (Pre-Post treatment)1
The LVEF in the ASV group was
5.49% higher
(4.16% to 6.82% higher)

426
(17 studies)B,D,F-I,M-O,P-U,W,Y,AA

The AHI in the ASV group was
30.63 events lower
(26.98 to 34.28 lower)

638
(26 studies)A-D,F-AA

Relative Effect
Baseline Risk
Mortality (Cardiac Death) ⊕⊕⊕⊕
(follow-up 12-31 months;
high
measured with: events; Better
indicated by lower RR)

198 per 1,000 patients

Results vs. baseline; patients served as their own controls
2 Combination of randomized and non-randomized studies
3 Studies generally funded by industry
1

No of Participants
(studies)

Comparative Risk
247 per 1,000 patients
(202 to 304)
RR 1.25 (1.02 to 1.53)

1325
(1 study)E

Figure S1 - Meta-analysis of LVEF from before-after ASV treatment trials

Figure S2 – Meta-analysis of AHI from before-after ASV treatment trials

Figure S3a – Risk of cardiac death after ASV treatment vs standard care (for recommendations)

Figure S3b – Risk of cardiac death after ASV treatment vs standard care (all studies)

Table S2: LVEF Data; ASV
Author, Yr

Control
Treatment

Duration

Artz 2013
Bitter 2013
Carnevale 2011
Fietze 2008
Joho 2012
Kasai 2010
Kasai 2013
Koyama 2010
Koyama 2013
Miyata 2012
Oldenburg 2008
Oldenburg 2011
Owada 2013

Standard care
Standard care
None
BPAP-S/T
Standard care
CPAP
CPAP
Standard care
Standard care
Standard care
None
Standard care
Standard care

12 wks
12 wks
36 mo.
6 wks
~3.5 mo.
3 mo.
3 mo.
4 wks.
6 mo.
6 mo.
6 mo.
~6.5 mo.
6 mo.

Pepperell 2003

Sub-therapeutic
ASV

4 wks

Philippe 2006
CPAP
Randerath 2012
CPAP
Suzuki 2014
None
Yoshihisa 2011
Standard care
Yoshihisa 2013
Standard care
EJHF
Zhang 2006
Oxygen
*estimated from graph

n
(treatmen
t/control)

Test Treatment

Control Treatment

Baseline

After

11/10
96/86
33
15/15
20/12
15/15
12/11
10/7
10/9
11/11
29
56/59
36/44

29.9 ±7.2
32 (23, 40)
40.1 ±13.5
24.6 ±7.9
30 ±9
35.7 ±12.9
32.0 ±7.9
43.5 ±6.4
43.8 ±10.4
30.5 ±13.9
28.2 ±6.9
29.9 ±6.1
37.0 ±15.6

33.1 ±8.6
4.3 ±4.0
42.6 ±13.5*
26.5 ±8.8
37 ±12
44.8 ±12.9
37.8 ±9.1
53.3 ±6.1
47.0 ±10.6
36.0 ±11.2
35.2 ±10.6
34.0 ±8.8
44.7 ±15.6

15/11

36.5 ±3.0

38.3 ±3.3
±9*

Baseline

After

29.4 ±6.9
31.7 ±8.9
33 (24, 44)
N/A
N/A
25.5 ±9.2
31.1 ±10.5
34 ±9
31 ±9
36.0 ±8.1
37.9 ±N/A
32.9 ±5.9
31.9 ±6.1
45.7 ±9.5
45.6 ±9.7
40.6 ±15.3
40.2 ±14.2
30.2 ±9.0
32.2 ±8.8
N/A
27.8 ±7.4
28.1 ±8.7
35.7 ±11.1
38.4 ±13.8
35.7 ±3.9

36.3 ±3.8

6 mo.
1 yr.
6 mo.
6 mo.

7/6
26/25
29
23/37

29 ±9
47.4 ±15.9
37.8 ±16.6
38.3 ±18.4

36.9
45.5 ±16.0
46.6 ±14.3
46.4 ±15.4

30 ±9
28 ±N/A*
43.2 ±16.4
48.1 ±11.9
N/A
38.9 ±12.9
41.2 ±14.7

6 mo.

18/18

56.1 ±7.4

61.1 ±9.9

54.0 ±8.2

51.9 ±9.7

2 wks

14

30.2 ±4.6

37.2 ±4.1

N/A

33.2 ±5.1

Table S3: AHI Data; ASV
n

Test Treatment

Control Treatment

Author, Yr

Control
Treatment

Duration

(treatment
/control)

Baseline

After

Baseline

Arzt 2008
Artz 2013
Bitter 2013
Campbell 2012
Carnevale 2011
Cowie 2015
Fietze 2008
Joho 2012
Kasai 2010
Kasai 2013
Kourouklis 2013
Koyama 2010
Koyama 2013
Miyata 2012
Morgenthaler
2007
Oldenburg 2008
Oldenburg 2011
Oldenburg 2013
Owada 2013

CPAP
Standard care
Standard care
Oxygen
Standard care
Standard care
BPAP-S/T
Standard care
CPAP
CPAP
None
Standard care
Standard care
Standard care
CPAP
BPAP-S/T
None
Standard care
None
Standard care

1 night
12 wks.
12 wks
8 wks.
36 mo.
31 mo.
6 wks.
~3.5 mo.
3 mo.
3 mo.
6 mo.
4 wks.
6 mo.
6 mo.
1 night
1 night
6 mo.
~6.5 mo.
3.6 mo.
6 mo.

14
11/10
96/86
7
33
666/659
15/15
20/12
15/15
12/11
9
10/7
10/9
11/11
6
6
29
56/59
23
36/44

46.4 ±4
20 ±16
25 (25,30)*
66.5 ±31.5
54.0 ±24.0
31.2 ±12.7
31.0 ±10.0ǂ
27 ±14
37.4 ±19.5
25.0 ±6.9
43.2 ±23.2
36.6 ±15.8
35.7 ±13.7
39.0 ±20.7
46.0 ±22.7
46.0 ±22.7
37.4 ±9.4
39.7 ±17.8
42.8 ±17.5
36.7 ±15.2

4 ±1
5 ±5
~27.5±N/A
5.0 ±6.3
8 ±2†
3.3(0.0,36.5)*
11.1 ±9.9ǂ
2 ±3
1.9 ±2.1
2.0 ±1.4
3.5 ±0.9
4.7 ±3.3
9.0 ±4.9
5.9 ±6.3
0 ±0
0 ±0
3.8 ±4.1
6.1 ±12.1
8.9 ±5.8
8.3 ±7.6

46.4 ±4
19 ±15
26 (24,32) *
N/A
N/A
31.7±13.2
33.4 ±20.5ǂ
22 ±7
38.6 ±13.9
23.0 ±7.9

Pepperell 2003

Sub-therapeutic
ASV

4 wks.

15/11

24.7 ±11.3

5.4 ±7.4

23.3 ±13.3

14.7 ±10.6

Philippe 2006
Randerath 2012
Suzuki 2014
Szollosi 2006
Yoshihisa 2011
Yoshihisa 2012

CPAP
CPAP
None
None
Standard care
Oxygen

6 mo.
1 yr.
6 mo.
1 night
6 mo.
1 night

9/8
36/34
29
10/0
23/37
42

47 ±18
23.1 ±13.2
41.0 ±16.8
30.0 ± 20.9
38.8 ±17.3
39.0 ±17.3

3 ±4†
6.1 ±7.8
7.6 ±4.9
14.0 ± 12.0
9.0 ±7.9
5.0 ± 6.3

40.5 ±13.5
21.8 ±11.7

21 ±25†
10.7 ±8.7

After

22 ±4
20±15
~25±N/A
19.4 ±15.7
N/A
N/A
16.1 ±16.2ǂ
23 ±3
15.4 ±12.8
23.1 ±9.1
N/A
33.1 ±16.8
33.9 ±21.7
39.9 ±8.9
37.2 ±9.7
33.0 ±17.8
N/A
N/A
22.8 ±18.2
N/A
1.5 ±1.5
N/A
36.6 ±13.2
N/A
N/A
32.9 ±16.3
28.0 ±14.3

N/A
N/A

N/A
N/A

N/A
22.3 ±13.4

Yoshihisa 2013
Standard care
6 mo.
EJHF
Yoshihisa 2013
None
1 night
Heart
Zhang 2006
Oxygen
2 wks
* data presented as median (quartiles)
† estimated from graph
ǂ CSRI = CSAI+PBI (periodic breathing index)

18/18

37.0 ±14.1

6.9 ±6.4

50

37.3 ±18.2

9.1 ±13.3

14/14

34.5 ±6.1

6.5 ±0.8

35.4 ±15.5

27.8 ±15.0
N/A

N/A

Table S4: Mortality (Cardiac Death) Data; ASV
Author, Yr
Cowie 2015
Owada 2013
Suzuki 2014
Yoshihisa 2013 EJHF

Control
Treatment
Standard care
Standard care
Standard care
Standard care

Duration
31 mo.
6 mo.
6 mo.
6 mo.

Test Treatment
Events
N
165
666
3
36
1
23
0
18

Control Treatment
Events
N
131
659
11
44
4
37
3
18

27.8 ±8.2

