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ARTICLE INFO ABSTRACT

Keywords: Background: Sleep-disordered breathing (SDB) is a common comorbidity in patients with heart failure (HF) and is
Sleep-disordered breathing associated with worse prognosis.

Treatment

Objectives: This study evaluated the effects of adaptive servo-ventilation (ASV) on morbidity and mortality in a
large heterogeneous population of HF patients with different etiologies/phenotypes.

Methods: Consecutive HF patients with predominant central sleep apnea (+ obstructive sleep apnea) indicated for
ASV were included; the control group included patients who refused or stopped ASV before three months follow-
up. Six homogenous clusters were determined using the latent class analysis (LCA) method. The primary
endpoint was time to composite first event (all-cause death, lifesaving cardiovascular intervention, or unplanned
hospitalization for worsening of chronic HF).

Results: Of 503 patients at baseline, 324 underwent 2-year follow-up. Compared to control group, 2-year primary
endpoint event-free survival was significantly greater in patients in ASV group only in univariable analysis (1.67,
95% [1.12-2.49]; p = 0.01). Secondary endpoints, event-free of cardiovascular death or heart failure-related
hospitalization and all-cause death or all-cause hospitalization were positively impacted by ASV (univariate
and multivariable analysis). LCA identified two groups, with preserved and mid-range left ventricular ejection
fraction (LVEF) and severe hypoxia, in whom ASV increase prognosis benefit.

Conclusions: Patients with HF and SDB are a highly heterogeneous group identified using LCA. Systematic deep
phenotyping is essential to ensure that ASV is prescribed to those benefit from therapy, as ASV use in patients
with severe hypoxic burden and those with HFpEF was associated with a significant reduction in cardiovascular
events and mortality.

Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT01831128.
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Abbreviations

ASV adaptive servo-ventilation

Co CSA-OSA Coexistent central and obstructive sleep apnea
(20<central AHI<50%)

CPAP continuous positive airway pressure

CSA central sleep apnea

FACE French Cohort Study of Chronic Heart Failure Patients
with Central Sleep Apnea Eligible for Adaptive Servo-
Ventilation

HFmrEF heart failure with mid-range ejection fraction

HFpEF  heart failure with preserved ejection fraction

HFrEF  heart failure with reduced ejection fraction

AHI Apnea Hypopnea Index

LCA latent class analysis

OSA obstructive sleep apnea

SDB sleep-disordered breathing

TE-CSA Treatment emergent central sleep apnea (CSA that
occurs on CPAP)

1. Introduction

Heart failure (HF) refers to a complex clinical syndrome in which the
heart is unable to supply enough blood to the systemic circulation to
meet the body’s needs [1]. Symptoms including breathlessness, fatigue,
weakness and fluid retention are persistent, and are associated with
reduced quality of life [2,3]. Despite advances in pharmacological and
device therapy, HF remains a significant cause of morbidity and mor-
tality, and is a global public health issue [4].

HF is a heterogeneous disease, with different etiologies, left ven-
tricular function and comorbidities. When divided into categories based
on the left ventricular ejection fraction (LVEF), patients with LVEF
<40% are classified as having HF with reduced ejection fraction
(HFrEF), those with LVEF >50% have HF with preserved ejection frac-
tion (HFpEF), and when LVEF is between 40% and 50%, patients have
HF with mildly reduced ejection fraction (HFmrEF) [5]. Most current
knowledge and therapies relate to HFrEF, despite the fact that HFpEF is
at least as common and is associated with similar symptom burden and
adverse outcomes to HFrEF [6-8].

For all patients with HF, but especially those with HFpEF, there is
increasing focus on managing comorbidities to improve clinical out-
comes [9]. One such comorbidity is sleep-disordered breathing (SDB),
which is highly prevalent in patients with HF and remains present
despite improvement in HF medical and electrophysiologic management
[10-14]. There are two main forms of SDB: obstructive sleep apnea
(OSA) and central sleep apnea (CSA). Both American Academy of Sleep
Medicine and European Respiratory Society guidelines define predom-
inant CSA as >50% central events, predominant OSA as <50% central
events (including pure OSA as <20% central events and co-existent
CSA-OSA with central events between 20 and 50%) [13].

The presence of SDB in patients with HF is associated with worse
prognosis [15]. However, randomized controlled trials have failed to find
any benefit of treating CSA with either continuous positive airway pres-
sure (CPAP) or adaptive servo-ventilation (ASV) in patients with HFrEF
[16,17]. The only randomized trial to include patients with HFpEF was
stopped early, but the results of a prespecified subgroup analysis sug-
gested that ASV might improve outcomes in these patients [18].

The French Cohort Study of Chronic Heart Failure Patients with
Central Sleep Apnea Eligible for Adaptive Servo-Ventilation (FACE)
evaluated the effects of ASV therapy on morbidity and mortality in a
large heterogeneous population of patients with HF of different etiol-
ogies, LVEF ranges (HFrEF, HFmrEF, HFpEF) and severity, and different
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SDB phenotypes (CSA, co-existing CSA/OSA or TE-CSA). Latent class
analysis (LCA) based on 3-month FACE study data categorized patients
into six clusters based on 21 parameters from HF condition to SDB
characteristics, resulting in meaningful clinical phenotypes [19]. This
categorization effectively differentiated between clusters with respect to
prognosis at the 3-month follow-up (see graphical abstract) [19].

The current analysis used 2-year follow-up data from the FACE study
to determine whether the effects of ASV differed between patient
clusters.

2. Methods
2.1. Study design

The multicenter, prospective, observational cohort FACE study
(NCT01831128) was conducted at 28 centers in Europe between
November 2009 and September 2018 [20]. Ethical approval, the study
protocol was approved by ‘Le Comité consultatif sur le traitement de
I’information en matiéere de recherche en santé’ (C.C.T.I.LR.S no 09.418).
The study was conducted in accordance with local laws/regulations,
International Conference on Harmonization-Good Clinical Practice
(ICH-GCP), ISO 14155 Standard Operating Procedures, and the Decla-
ration of Helsinki and its current revision. An Executive Steering Com-
mittee provided independent oversight of the study.

2.2. Participants

Eligible patients had HFrEF, HFmrEF or HFpEF based on current
European Society of Cardiology definitions [5,21], predominant CSA,
coexistent CSA-OSA uncontrolled by CPAP, or OSA with treatment
emergent CSA (TE-CSA) on continuous positive airway pressure (CPAP)
were considered as an indication for ASV therapy, and no contraindi-
cation for positive airway pressure therapy. A comprehensive list of
inclusion and exclusion criteria is available in the design paper [20]. Full
details have been reported previously and in the online supplement
[20].

Synopsis (see graphical abstract, online supplement, and previous
published paper design [20] and results for details [19]).

All eligible patients were treated using ASV. ASV therapy (Pace-
Wave™, AutosetCS™; ResMed) was initiated in hospital; pressure set-
tings were titrated based on respiratory monitoring and patients were
instructed to use the device for >5 h every night. Two groups of patients
were constituted following the 3-month visit follow-up. The ASV group
includes those using ASV more than 3 h of sleep per day and the control
group consists of patients who refused ASV, stopped treatment before or
were not compliant at 3-month visit follow-up. Follow-up visit were
them completed at least every 6 months until 2 years of follow-up. We
used latent class analysis to determine 6 clinical phenotypes (i.e. LCA 1
to 6 phenotypes), based on 21 clinical and cardiorespiratory variables
[19]. Briefly, these previously reported phenotypes individualized par-
ticipants that exhibited significant clinical parameters (central versus
obstructive sleep apnea, hypoxic burden, preserved versus reduced left
ventricular ejection fraction, comorbidities, and age). In fact, at three
months’ follow-up, these phenotypes already showed a different prog-
nosis of the primary endpoint [19].

2.3. Follow-up

Patients attended clinic follow-up visits at baseline, and after 3
months, 1 year and 2 years of follow-up [20]. At each visit, functional
status (based on the New York Heart Association [NYHA] classification)
was evaluated, the occurrence of any primary endpoint event since the
last visit was recorded, and patients completed the Epworth Sleepiness
Scale (ESS) and the Minnesota Living with Heart Failure Questionnaire
(MLHFQ).
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2.4. Outcomes

The primary endpoint was the time to first event of the composite of
all-cause death, life-saving cardiovascular intervention, or unplanned
hospitalization (or unplanned prolongation of a planned hospitaliza-
tion) for worsening of chronic HF.

Secondary endpoints were the same as the primary endpoint but with
cardiovascular death rather than all-cause death, and the same as the
primary endpoint but with all-cause unplanned hospitalization rather
than unplanned hospitalization for worsening of chronic HF. Additional
secondary endpoints are reported in the online supplement.

2.5. Statistical analysis

Statistical analyses were performed using SAS v9.4 (SAS Institute),
and a p-value of <0.05 was defined as statistically significant. Baseline
comparisons between groups were performed using the Mann-Whitney
test for quantitative variables and the Chi-squared test or Fisher test

Eligible patients in the FACE study
database (n=509)
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for qualitative variables.

All available data were included in the analyses unless consent for
data usage was revoked [20]. Variables with <20% missing values were
imputed using multiple imputations: ten imputed datasets were consti-
tuted using a Monte-Carlo Markov Chain for quantitative variables and
fully conditional specification for qualitative variables. Imputed data-
sets were combined using Rubin’s rules. Two-year event-free survival
(primary and secondary endpoints) was estimated using the
Kaplan-Meier method and compared between the ASV and control
groups using a two-sided log-rank test. In addition, for each outcome a
complementary analysis was performed using a univariable model and a
multivariable Cox model adjusted for variables of interest. Change in
NYHA class was analyzed using a likelihood Chi-square test, and
continuous endpoints were evaluated using analysis of covariance
(ANCOVA) with the baseline value as a covariate (if available); variables
with right-skewed distributions within each treatment group were
log-transformed before analysis. A sensitivity analysis was performed
using an extended control group that included not only patients who

Not included (n=6)

Initial cardiology visit and sleep
evaluation (n=503)

A 4

«  protocol deviation (n=6)

Withdrawn (n=21)
¢ Death (n=11)

»{ + Lost to follow-up (n=1)
*  Withdrawal of consent (n=4)

A\ 4 ¢ Stopped ASV (n=5)
3-month follow-up
(n=482)
Withdrawn (n=31)
¢ Death (n=9)
P + Lost to follow-up (n=2)
*  Withdrawal of consent (n=9)
A\ 4 e Stopped ASV (n=11)
6-month follow-up
(n=451)
Withdrawn (n=34)
¢ Death (n=16)
» + Lost to follow-up (n=2)
¢ Withdrawal of consent (n=7)
\ 4 *  Stopped ASV (n=9)
1-year follow-up
(n=417) Withdrawn (n=54)
¢ Death (n=14)
o| ¢ Lostto follow-up (n=1)
"| « withdrawal of consent (n=7)
v ¢ Hearttransplant (n=2)
e  Stopped ASV (n=4)
18-month follow-up
(n=363)
Withdrawn (n=39)
- e Death (n=9)
e Lost to follow-up (n=3)
v e Withdrawal of consent (n=1)

2-year follow-up
(n=324)

Fig. 1. Patient flow chart. ASV, adaptive servo-ventilation.
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refused ASV at 3-month follow-up but also those who stopped ASV after
3-month or decreased ASV usage to <3 h/night at 2 years.

3. Results
3.1. Study population

Assessment of SDB was performed in 509 patients with indication for
ASV, of whom six were excluded and 503 underwent baseline assess-
ments; 324 remained in the study at the 2-year follow-up (Fig. 1). The
study population was characterized by a high degree of heterogeneity;
full details have been published previously [19] and are reported in the
online supplement (Table 1).

Baseline characteristics and comorbidities for patients who accepted
or declined ASV by patient’s cluster are presented in Table 2. For further
detail about the population and compliance to ASV see online
supplement.

3.2. Impact of ASV on outcomes in the overall population

Two-year primary endpoint event-free survival was significantly
greater in patients who accepted ASV compared with the control group
(univariable Cox model HR 1.67, 95% CI 1.12-2.49: log-rank test p =
0.01) (Fig. 3, Table 3). On univariable analysis, ASV usage was also
associated with significantly lower rates of all-cause hospitalization, HF-
related hospitalization, and cardiovascular death (Table 3). Significant
reductions in cardiovascular death or HF-related hospitalization and all-
cause death or all-cause hospitalization in the ASV group compared with
control were statistically significant on both univariable and adjusted
multivariable analysis (Table 3).

Table 1
Demographic and clinical characteristics at baseline based on usage of adaptive
servo-ventilation.

Variable Non-ASV (n = ASV (n = 402) p-
101) value
Male, n (%) 82(81.2) 362 (90) 0.01
Age, years 72.9 [62.3-80] 71.9 0.91
[64.8-78.4]
Body mass index, kg/m2 25.6 [22.7-28.3] 28.7 <0.01
[25.5-32.3]
Current smoker, n (%) 44 (44) 190 (47.3) 0.56
Alcohol use, n (%) 12 (12) 57 (14.2) 0.57
Cardiac stimulator/defibrillator, 43 (42.6) 93 (23.3) <0.01
n (%)
Heart failure etiology, n (%) <0.01
Ischemic 51 (50.5) 209 (52.5)
Dilated cardiomyopathy 11 (10.9) 25 (6.3)
Hypertension 5(5) 69 (17.3)
Valvular 8(7.9) 30 (7.5)
Alcoholic 3(3) 2(0.5)
Other 23 (22.8) 63 (15.8)
LVEF, % 40 [30-50] 50 [38-60] <0.01
NYHA class, n (%) <0.01
1 8(8.2) 75 (21.6)
I 39 (40.2) 154 (44.4)
I 41 (42.3) 105 (30.3)
v 9(9.3) 13 (3.7)
Comorbidities, n (%)
Hypertension 70 (69.3) 291 (72.4) 0.54
Diabetes 35 (34.7) 154 (38.3) 0.50
Dyslipidemia 51 (51) 242 (60.3) 0.09
Stroke/transient ischemic 31 (30.7) 82 (20.4) 0.03
attack
Atrial fibrillation 42 (42) 162 (40.4) 0.77
Other arrhythmias 17 (16.8) 79 (19.7) 0.52
COPD 9(8.9) 49 (12.2) 0.36
Depression 5(5) 31(7.7) 0.40

Values are median [interquartile range], or number of patients (%).
ASV, adaptive servo-ventilation; COPD, chronic obstructive pulmonary disease;
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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3.3. Outcomes by patient phenotype

Patient phenotypes based on LCA (six homogeneous patient clusters)
have been described previously [19]. On univariable analysis, primary
endpoint event-free survival was worst in cluster 1 patients (hazard ratio
[HR] 0.63, 95% confidence interval [CI] 0.36-1.12), intermediate in
those from clusters 2, 3 and 4 (HR [95% CI] values 0.63 [0.36-1.12],
0.63 [0.34-1.15] and 0.71 [0.42-1.21], respectively), and less severe in
clusters 5 and 6 (0.44 [0.25-0.77] and 0.34 [0.15-0.79], respectively)
(Supplementary Table III). Findings were similar for analysis of the
cardiovascular death or HF-related hospitalization endpoint (Supple-
mentary Figure I, Supplementary Table III), and the all-cause death or
all-cause hospitalization endpoint (Supplementary Figure II, Supple-
mentary Table III). In the multivariable Cox model adjusted for age, sex,
BMI, use of ASV, presence of HFrEF and presence of CSA, patients in
Cluster 2 were still at significantly lower risk of all-cause death
compared with those in Cluster 1 (Supplementary Table IV).

3.4. Effects of ASV by patient phenotype

In the univariable model, primary endpoint event-free survival did
not differ between the ASV-treated and control groups in Clusters 1, 2
and 3 (Fig. 4A-C, Table 4). In contrast, use of ASV by patients in Clusters
4 and 5 was associated with significantly better primary endpoint event-
free survival versus the corresponding control group (Fig. 4D & E,
Table 4). Further details on secondary outcomes are reported in the
online supplement.

On multivariable analysis, the risk of all-cause death or all-cause
hospitalization was significantly lower in the ASV versus control
group in Cluster 4 (Table 5).

3.5. Sensitivity analysis

The sensitivity analysis based on ASV compliance is reported in the
online supplement.

4. Discussion

Two-year follow-up data from the FACE study show that more than
half of all patients with chronic HF and SDB benefitted from ASV ther-
apy. When patients were grouped into clusters using LCA, clusters
showed markedly different ASV acceptance and prognosis.

The current findings enhance and reinforce the FACE study 3-month
follow-up data [19] showing that usage of ASV was associated with
significant reductions in morbidity and mortality in patients from
Clusters 4 and 5 (i.e. those who are older, male, with more hypoxic
burden, obese, hypertensive, and have HFmrEF and both CSA and OSA)
and Cluster 6 (i.e. old, mostly male, with more hypoxic burden, and
HFpEF and OSA). However, this benefit on prognosis was not present in
patients from Clusters 1 and 2 (i.e., those with a higher NYHA class,
HFrEF, lower BMI, an implanted cardiac device, and/or current smoking
habit, and CSA or OSA) and Cluster 3 (i.e., those with a higher age, both
males and females, and with HFmrEF and mild SDB). Interestingly, pa-
tients in Clusters 4, 5 and 6 (i.e., those who benefited from therapy)
showed the highest rates of ASV acceptance, at 91.9%, 91.6% and 100%,
respectively.

The presence of SDB in patients with chronic HF worsens prognosis
and increases mortality risk compared to similar patients without SDB
[22]. Over three-quarters of chronic HF patients (76%) also have SDB
[14]. This implies that health professionals in charge of these conditions
need knowledge about the presentation and the consequences of this
association [23].

Use of ASV has been shown to solve the challenging issue of
abnormal ventilation during sleep in patients with HF [24,25]. How-
ever, although several studies have been performed over the last decade,
controversies remain regarding the putative benefit of treating SDB with
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Table 3

Sleep Medicine 113 (2024) 412-421

Univariate and multivariate Cox model showing risk of endpoint events in the non-adaptive servo-ventilation (ASV) versus ASV group. Significant hazard ratio value

above 1 illustrates a protective effect of ASV in the overall population.

Outcomes Hazard ratio (95% confidence interval)
Univariate p-value Multivariate® p-value

Death or hospitalization for worsening heart failure or heart transplant 1.67 (1.12-2.49) 0.01 1.33 (0.87-2.03) 0.18
Cardiovascular death or heart failure-related hospitalization 2.30 (1.5-3.53) <0.01 1.81 (1.15-2.85) 0.01
All-cause death or all-cause hospitalization 1.67 (1.21-2.31) <0.01 1.50 (1.06-2.11) 0.02
All-cause hospitalization 1.63 (1.14-2.32) 0.01 1.47 (1.01-2.14) 0.05
Heart failure-related hospitalization 1.80 (1.11-2.93) 0.02 1.41 (0.84-2.35) 0.19
All-cause death 1.14 (0.61-2.11) 0.68 0.87 (0.46-1.66) 0.67
Cardiovascular death 2.76 (1.28-5.95) <0.01 2.03 (0.9-4.59) 0.07

@ Adjusted for age, sex, body mass index, presence of heart failure with reduced ejection fraction, and presence of central sleep apnea.

optimize individual patient outcomes, as highlighted by our finding of
very different outcomes in the ASV and no ASV groups by patient cluster.
This highlights the recommendation to perform systematic deep phe-
notyping in these patients [29,30], including documentation of comor-
bidities, clinical variables, and precise characterization of SDB subtypes.
Consequently, accurate scoring of obstructive and central events, and an
adequate measure of hypoxic burden are particularly important because
these parameters are key factors in determining prognosis and outcomes
during ASV therapy.

The classification of patients with both chronic HF and SDB into
clusters (or phenotypes) may help healthcare professionals in clinical
decision making. The characteristics of patients in Cluster 1 [19] are
most similar to the inclusion criteria of both the SERVE-HF [17] and
ADVENT-HF [31] randomized clinical trials, and the cluster 2 for the
ADVENT-HF trial. These two clusters were those with the less proportion
of patient in NYHA class I or II, and therefore the more severe heart
failure status. This may help understanding why these clusters exhibited
the worst prognosis [32]. Several hypotheses for explaining cardiovas-
cular adverse effects of ASV in SERVE-HF have been speculated. Among
them the ASV device, which had a minimum pressure support above the
end expiratory pressure of 3 cmH20, and thus may not suitably control
the hyperventilation state. This may particularly affect the most fragile
patients enrolled in SERVE-HF (NYHA class 3 and 4, or NYHA class 2
with recent hospitalizations). Further research is required to explore
whether changes in minimum pressure support settings may explain the
adverse effects seen in SERVE-HF. In addition, although not reaching
statistical significance (with wide confidence intervals), there was some
indication that the risk of all-cause death was increased in patients from
Cluster 1 who did versus did not use ASV (Table 5). Patients in Cluster 2
have characteristics similar to some patients enrolled in the ADVENT-HF
study and were found not to derive any prognostic benefit with ASV
therapy. It is interesting to note that all patients in Cluster 6 (older, with
better preserved ejection fraction, high BMI, hypoxia, hypertension, and
a high incidence of stroke/transient ischemic attack) chose to use ASV.
This group mostly included those with OSA, for whom CPAP treatment
does not control central events [28,33]. In our practice, this clinical
situation represents nearly 3% of all patients using CPAP. It is interesting
to note that patients in this cluster showed the best prognosis, and all
patients accepted ASV (Fig. 2). Furthermore, in this cluster, the sensi-
tivity analysis showed that those who used ASV for >3 h/night
throughout the 2-year follow-up had a better prognosis with respect to
all-cause death or hospitalization than those who were not ASV
compliant (Supplementary Figs. 5 and 6). The sensitivity analysis was
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performed using a different definition of the untreated group (n = 171)
that included all patients who dropped therapy or were using ASV less
than 3 h per night compared to compliant one. Using this cutoff, we
found similarly as the principal analysis an overall protective effect of
ASV for the primary outcomes compared to non-compliant patient.

4.1. Study limitations

The FACE study provides important insights into the relative benefits
of ASV usage in HF patients with different clinical phenotypes. However,
several limitations need to be considered. One is the non-randomized
design that means sources of bias may not be adequately controlled
for. Nevertheless, the study population and patient clusters are repre-
sentative of real-world practice and the study data may therefore offer
clinically meaningful insights. However, the total number of patients in
some clusters was small, limiting statistical power. Another limitation is
that ASV usage (or not) was based on patient decision, and this may be
associated with other factors that could influence the disease trajectory
and patient outcomes, such as healthy behaviors and adherence to other
treatment modalities [34]. On the other hand, ASV (like other pressure
support devices) may be difficult to wear in patients with the most se-
vere conditions. Furthermore, this study, like all cohort and observa-
tional studies, may not have accounted for some confounding factors,
especially time-dependent confounders. Nevertheless, it is increasingly
being acknowledged that observational studies produce data with
higher levels of generalizability/external validity with regard to
research participants and practice settings [35,36].

5. Conclusions

The FACE study highlights the many possible combinations of dis-
ease and patient characteristics that create a highly heterogeneous
population of patients with HF and SDB. Therefore, it is essential to
undertake careful patient selection and phenotyping to ensure that ASV
is prescribed to patients most likely to benefit from therapy. This study
confirms that patients with HFrEF, or aged patients with mild SDB do
not obtain any mortality benefit from treatment with ASV. Conversely,
use of ASV in patients with severe hypoxic burden (CSA or uncontrolled
OSA) and those with HFpEF and SDB was associated with a significant
reduction in cardiovascular events and mortality.
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Fig. 4. Kaplan-Meier curves for primary endpoint event-free survival for patients who accepted versus refused adaptive servo-ventilation (ASV) by patient cluster (all

patients in Cluster 6 accepted ASV).
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Table 4
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Univariate Cox model showing risk of endpoint events in the non-adaptive servo-ventilation (ASV) versus ASV group by patient cluster. Significant hazard ratio value

above 1 illustrates a protective effect of ASV.

Outcomes Hazard ratio (95% confidence interval)
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Death or hospitalization for worsening heart failure or heart 1.11 1.08 0.83 3.69 (1.39-9.79)** 3.26 (1.09-9.74)*
transplant (0.52-2.36) (0.39-2.94) (0.31-2.25)
Cardiovascular death or heart failure-related hospitalization 1.92 (0.8-4.64) 1.32 0.91 4.54 (1.49-13.85)** 3.85 (1.26-11.75)
(0.47-3.72) (0.33-2.51) *
All-cause death or all-cause hospitalization 1.21 1.36 0.99 5.60 (2.42-13.0)** 1.62 (0.57-4.60)
(0.64-2.29) (0.66-2.80) (0.45-2.17)
All-cause hospitalization 1.61 1.27 (0.6-2.69) 0.91 3.89 (1.32-11.45)** 1.7 (0.6-4.84)
(0.76-3.41) (0.38-2.16)
Heart failure-related hospitalization 1.52 1.05 0.88 2.44 (0.55-10.86) 3.85 (1.26-11.75)
(0.57-4.09) (0.34-3.23) (0.26-3.00) *
All-cause death 0.43 1.08 1.07 (0.3-3.81) 3.79 (1.06-13.61)* 0
(0.14-1.38) (0.22-5.35)
Cardiovascular death 1.06 1.59 1.59 (0.4-6.35) 13.84 (1.95-98.45) 0
(0.26-4.23) (0.14-17.5) e

*p < 0.05; **p < 0.01.

Table 5

Multivariate Cox model showing risk of endpoint events in the non-adaptive servo-ventilation (ASV) versus ASV group by patient cluster. Significant hazard ratio value
above 1 illustrates the protective effect of ASV. Multivariate cox model was adjusted for age, sex, body mass index, presence of heart failure with reduced ejection

fraction, and presence of central sleep apnea.

Outcomes

Hazard ratio (95% confidence interval)

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Death or hospitalization for worsening heart failure or heart transplant
Cardiovascular death or heart failure-related hospitalization

All-cause death or all-cause hospitalization

All-cause hospitalization

Heart failure-related hospitalization

All-cause death

Cardiovascular death

1.14 (0.53-2.43)
1.85 (0.76-4.49)
1.31 (0.69-2.50)
1.70 (0.79-3.63)
1.51 (0.56-4.10)
0.47 (0.15-1.52)
1.17 (0.29-4.75)

1.21 (0.42-3.45)
1.73 (0.58-5.16)
1.53 (0.72-3.28)
1.46 (0.66-3.23)
1.36 (0.41-4.45)
0.68 (0.11-4.04)
2.38 (0.2-27.91)

0.76 (0.26-2.28)
0.86 (0.28-2.62)
0.93 (0.37-2.33)
0.96 (0.35-2.61)
1.05 (0.27-4.08)
0.76 (0.18-3.26)
1.04 (0.22-4.96)

2.26 (0.64-8.02)
4.12 (0.85-20.04)
4.57 (1.46-14.3)*
3.54 (0.88-14.27)
2.00 (0.30-13.2)
1.50 (0.32-6.96)
7.06 (0.38-130.95)

2.48 (0.55-11.1)
2.65 (0.57-12.34)
1.43 (0.46-4.43)
1.45 (0.46-4.57)
2.65 (0.57-12.34)
0

0

*p < 0.01.

Clinical perspectives

COMPETENCY IN MEDICAL KNOWLEDGE: Management strategies
to improve outcomes for patients with heart failure (HF), especially
those with mid-range or preserved ejection (HFmrEF or HFpEF) is
increasingly focusing on comorbidities. Sleep-disordered breathing
(SDB) is a common comorbidity in patients with HF and is associated
with worse prognosis. This study showed that patients with HF can be
categorized into six distinct clusters and that the impact of treating SDB
with adaptive servo-ventilation (ASV) on clinical outcomes varies by
patient phenotype. ASV had a beneficial impact on prognosis in patients
with either HFmrEF and both central and obstructive sleep apnea, or
HFpEF and OSA. These groups are characterized by a high proportion of
male patients with obesity and high hypoxic burden.

TRANSLATIONAL OUTLOOK 1: Treatment of SDB with ASV has
value in carefully selected groups of patients with HF.

TRANSLATIONAL OUTLOOK 2: Clinical management of patients
with HF should include thorough evaluation and characterization of
SDB, and careful phenotyping to ensure the use of ASV in patients who
will achieve prognostic benefit from this therapy.

Sources of funding

The FACE study was supported by unrestricted grants from ResMed.
R.T., S.B. and J-L.P. are supported by the French National Research
Agency in the framework of the “Investissements d’avenir” program
(ANR-15-IDEX-02) and the “e-health and integrated care and trajec-
tories medicine and MIAI artificial intelligence” Chairs of excellence
from the Grenoble Alpes University Foundation. This work was partially
supported by MIAI @ Grenoble Alpes, (ANR-19-P31A-0003).

419

Data sharing statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request (rtamisier@chu-gr
enoble.fr).

CRediT authorship contribution statement

Renaud Tamisier: Conceptualization, Formal analysis, Writing —
original draft, Writing — review & editing. Thibaud Damy: Formal
analysis, Writing — review & editing. Sébastien Bailly: Conceptualiza-
tion, Formal analysis, Writing — original draft, Writing — review &
editing. Frédéric Goutorbe: Writing — review & editing. Jean-Marc
Davy: Formal analysis, Writing — review & editing. Florent Lavergne:
Writting — review & editing. Alain Palot: Writing — review & editing.
Johan A. Verbraecken: Writing — review & editing. Marie-Pia d’Or-
tho: Conceptualization, Formal analysis, Writing — review & editing.
Jean-Louis Pépin: Conceptualization, Formal analysis, Writing — orig-
inal draft, Writing — review & editing.

Declaration of competing interest

J-L.P,, T.D., J-M.D., R.T. and M-P.d’O. are FACE study investigators
and steering committee members for ResMed.

A.P. and F.G. are FACE study investigators for ResMed.

R.T. has received unrestricted research grants from ResMed, Vital-
aire, Philips and the AGPMC Foundation, consultant fees from ResMed,
Inspire, Navigant, Bioprojet and Jazz Pharmaceuticals, and travel grants
from Agiradom.

T.D. reports grants and fees from Pfizer, ResMed, GSK, Alnylam,


mailto:rtamisier@chu-grenoble.fr
mailto:rtamisier@chu-grenoble.fr

R. Tamisier et al.

Akcea Therapeutics, Ionis, Sanofi-Aventis, and Novartis.

J.A.V. reports grants and personal fees from ResMed, Bioproject and
Jazz Pharmaceuticals, personal fees from Philips, Sanofi, Agfa-Gevaert
and Springer, and grants from AirLiquide, Nyxoah, Westfalen Medical,
Sefam, SomnoMed, Vivisol, Total Care, Medidis, Fisher & Paykel, Wave
Medical, Micromed OSG, MediqTefa, NightBalance, Heinen &
Lowenstein, AstraZeneca, Accuramed, Bekaert Deslee Academy, Ecto-
sense, Idorsia, Desetin and UCB Pharma, all outside the submitted work.

M.P.d’O. has received unrestricted research grants from ResMed and
Philips, consultant fees from ResMed, Somnomed and Jazz Pharma-
ceuticals, speaker fees from ResMed, Philips, LinaNova and Jazz Phar-
maceuticals, and traveling grants from ISIS medical, Orkyn, SOS
Oxygene and Vitalaire.

S.B. has no conflicts of interest to declare.

F.L. is an employee of ResMed.

Acknowledgements

Medical writing assistance for manuscript preparation was provided
by Nicola Ryan, independent medical writer, funded by ResMed France.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.sleep.2023.07.014.

References

[1] McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, Burri H,
Butler J, Celutkiene J, Chioncel O, Cleland JGF, Coats AJS, Crespo-Leiro MG,
Farmakis D, Gilard M, Heymans S, Hoes AW, Jaarsma T, Jankowska EA,
Lainscak M, Lam CSP, Lyon AR, McMurray JJV, Mebazaa A, Mindham R,
Muneretto C, Francesco Piepoli M, Price S, Rosano GMC, Ruschitzka F, Kathrine
Skibelund A, Group ESCSD. ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure. Eur Heart J 2021;42:3599-726. 2021.

Malik A, Brito D, Vagar S, Chhabra L. Congestive heart failure. Treasure Island
(FL): StatPearls; 2022.

Moradi M, Daneshi F, Behzadmehr R, Rafiemanesh H, Bouya S, Raeisi M. Quality of
life of chronic heart failure patients: a systematic review and meta-analysis. Heart
Fail Rev 2020;25:993-1006.

Savarese G, Lund LH. Global public health burden of heart failure. Card Fail Rev
2017;3:7-11.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V,
Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer P, Authors/Task Force M. 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure: the
Task Force for the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC)Developed with the special contribution of
the Heart Failure Association (HFA) of the ESC. Eur Heart J 2016;37:2129-200.
Bhatia RS, Tu JV, Lee DS, Austin PC, Fang J, Haouzi A, Gong Y, Liu PP. Outcome of
heart failure with preserved ejection fraction in a population-based study. N Engl J
Med 2006;355:260-9.

Oktay AA, Rich JD, Shah SJ. The emerging epidemic of heart failure with preserved
ejection fraction. Curr Heart Fail Rep 2013;10:401-10.

Hoekstra T, Lesman-Leegte I, van Veldhuisen DJ, Sanderman R, Jaarsma T. Quality
of life is impaired similarly in heart failure patients with preserved and reduced
ejection fraction. Eur J Heart Fail 2011;13:1013-8.

Mentz RJ, Kelly JP, von Lueder TG, Voors AA, Lam CS, Cowie MR, Kjeldsen K,
Jankowska EA, Atar D, Butler J, Fiuzat M, Zannad F, Pitt B, O’Connor CM.
Noncardiac comorbidities in heart failure with reduced versus preserved ejection
fraction. J Am Coll Cardiol 2014;64:2281-93.

Arzt M, Oldenburg O, Graml A, Schnepf J, Erdmann E, Teschler H, Schoebel C,
Woehrle H, HFXTi Schla. Prevalence and predictors of sleep-disordered breathing
in chronic heart failure: the SchlaHF-XT registry. ESC Heart Fail 2022;9:4100-11.
Borrelli C, Gentile F, Sciarrone P, Mirizzi G, Vergaro G, Ghionzoli N, Bramanti F,
Iudice G, Passino C, Emdin M, Giannoni A. Central and obstructive apneas in heart
failure with reduced, mid-range and preserved ejection fraction. Front Cardiovasc
Med 2019;6:125.

Schulz R, Blau A, Borgel J, Duchna HW, Fietze I, Koper I, Prenzel R, Schadlich S,
Schmitt J, Tasci S, Andreas S. Sleep apnoea in heart failure. Eur Respir J 2007;29:
1201-5.

Randerath W, Verbraecken J, Andreas S, Arzt M, Bloch KE, Brack T, Buyse B, De
Backer W, Eckert DJ, Grote L, Hagmeyer L, Hedner J, Jennum P, La Rovere MT,
Miltz C, McNicholas WT, Montserrat J, Naughton M, Pepin JL, Pevernagie D,
Sanner B, Testelmans D, Tonia T, Vrijsen B, Wijkstra P, Levy P. Definition,

[2

—

[3

=

[4

=

[5

—

[6

=

[7

—

[8

—

[9

—

[10]

[11]

[12]

[13]

420

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Sleep Medicine 113 (2024) 412-421

discrimination, diagnosis and treatment of central breathing disturbances during
sleep. Eur Respir J 2017;49.

Oldenburg O, Lamp B, Faber L, Teschler H, Horstkotte D, Topfer V. Sleep-
disordered breathing in patients with symptomatic heart failure: a contemporary
study of prevalence in and characteristics of 700 patients. Eur J Heart Fail 2007;9:
251-7.

Javaheri S, Barbe F, Campos-Rodriguez F, Dempsey JA, Khayat R, Javaheri S,
Malhotra A, Martinez-Garcia MA, Mehra R, Pack Al, Polotsky VY, Redline S,
Somers VK. Sleep apnea: types, mechanisms, and clinical cardiovascular
consequences. J Am Coll Cardiol 2017;69:841-58.

Bradley TD, Logan AG, Kimoff RJ, Series F, Morrison D, Ferguson K, Belenkie I,
Pfeifer M, Fleetham J, Hanly P, Smilovitch M, Tomlinson G, Floras JS, the CANPAP
Investigators. Continuous positive airway pressure for central sleep apnea and
heart failure. N Engl J Med 2005;353:2025-33.

Cowie MR, Woehrle H, Wegscheider K, Angermann C, d’Ortho MP, Erdmann E,
Levy P, Simonds AK, Somers VK, Zannad F, Teschler H. Adaptive servo-ventilation
for central sleep apnea in systolic heart failure. N Engl J Med 2015;373:1095-105.
O’Connor CM, Whellan DJ, Fiuzat M, Punjabi NM, Tasissa G, Anstrom KJ,
Benjafield AV, Woehrle H, Blase AB, Lindenfeld J, Oldenburg O. Cardiovascular
outcomes with minute ventilation-targeted adaptive servo-ventilation therapy in
heart failure: the CAT-HF trial. J Am Coll Cardiol 2017;69:1577-87.

Tamisier R, Damy T, Bailly S, Davy JM, Verbraecken J, Lavergne F, Palot A,
Goutorbe F, d’Ortho MP, Pepin JL, Fs investigators. Adaptive servo ventilation for
sleep apnoea in heart failure: the FACE study 3-month data. Thorax 2022;77:
178-85.

Tamisier R, Damy T, Davy JM, Verbraecken JA, Bailly S, Lavergne F, Palot A,
Goutorbe F, Pepin JL, d’Ortho MP. Cohort profile: FACE, prospective follow-up of
chronic heart failure patients with sleep-disordered breathing indicated for
adaptive servo ventilation. BMJ Open 2020;10:e038403.

McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K,
Falk V, Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Kober L, Lip GY,
Maggioni AP, Parkhomenko A, Pieske BM, Popescu BA, Ronnevik PK, Rutten FH,
Schwitter J, Seferovic P, Stepinska J, Trindade PT, Voors AA, Zannad F, Zeiher A.
ESC guidelines for the diagnosis and treatment of acute and chronic heart failure
2012: the task force for the diagnosis and treatment of acute and chronic heart
failure 2012 of the European society of Cardiology. Developed in collaboration
with the heart failure association (HFA) of the ESC. Eur Heart J 2012;33:1787-847.
Khayat R, Jarjoura D, Porter K, Sow A, Wannemacher J, Dohar R, Pleister A,
Abraham WT. Sleep disordered breathing and post-discharge mortality in patients
with acute heart failure. Eur Heart J 2015;36:1463-9.

Levy P, Naughton MT, Tamisier R, Cowie MR, Bradley TD. Sleep apnoea and heart
failure. Eur Respir J 2021.

Philippe C, Stoica-Herman M, Drouot X, Raffestin B, Escourrou P, Hittinger L,
Michel PL, Rouault S, d’Ortho MP. Compliance with and effectiveness of adaptive
servoventilation versus continuous positive airway pressure in the treatment of
Cheyne-Stokes respiration in heart failure over a six month period. Heart 2006;92:
337-42.

Kasai T, Usui Y, Yoshioka T, Yanagisawa N, Takata Y, Narui K, Yamaguchi T,
Yamashina A, Momomura SI. Effect of flow-triggered adaptive servo-ventilation
compared with continuous positive airway pressure in patients with chronic heart
failure with coexisting obstructive sleep apnea and Cheyne-Stokes respiration. Circ
Heart Fail 2010;3:140-8.

Yoshihisa A, Suzuki S, Yamaki T, Sugimoto K, Kunii H, Nakazato K, Suzuki H,
Saitoh S, Takeishi Y. Impact of adaptive servo-ventilation on cardiovascular
function and prognosis in heart failure patients with preserved left ventricular
ejection fraction and sleep-disordered breathing. Eur J Heart Fail 2013;15:543-50.
Orr JE, Ayappa I, Eckert DJ, Feldman JL, Jackson CL, Javaheri S, Khayat RN,
Martin JL, Mehra R, Naughton MT, Randerath WJ, Sands SA, Somers VK, Badr MS.
Research priorities for patients with heart failure and central sleep apnea. An
official American thoracic society research statement. Am J Respir Crit Care Med
2021;203:e11-24.

Pepin JL, Woehrle H, Liu D, Shao S, Armitstead JP, Cistulli PA, Benjafield AV,
Malhotra A. Adherence to positive airway therapy after switching from CPAP to
ASV: a big data analysis. J Clin Sleep Med 2018;14:57-63.

Tamisier R, Bocquillon V, Treptow E, Destors M, Salvat M, Borrel E, Pepin JL.
Prevalence and factors contributing to daytime and nocturnal hypoxemia in
chronic heart failure patients. Respiration 2019;97:213-22.

Azarbarzin A, Sands SA, Taranto-Montemurro L, Vena D, Sofer T, Kim SW,

Stone KL, White DP, Wellman A, Redline S. The sleep apnea-specific hypoxic
burden predicts incident heart failure. Chest 2020;158:739-50.

Lyons OD, Floras JS, Logan AG, Beanlands R, Cantolla JD, Fitzpatrick M,
Fleetham J, John Kimoff R, Leung RS, Lorenzi Filho G, Mayer P, Mielniczuk L,
Morrison DL, Ryan CM, Series F, Tomlinson GA, Woo A, Arzt M, Parthasarathy S,
Redolfi S, Kasai T, Parati G, Delgado DH, Bradley TD, Investigators A-H. Design of
the effect of adaptive servo-ventilation on survival and cardiovascular hospital
admissions in patients with heart failure and sleep apnoea: the ADVENT-HF trial.
Eur J Heart Fail 2017;19:579-87.

Javaheri S, Brown LK, Randerath W, Khayat R. SERVE-HF: more questions than
answers. Chest 2016;149:900-4.

Liu D, Armitstead J, Benjafield A, Shao S, Malhotra A, Cistulli PA, Pepin JL,
Woehrle H. Trajectories of emergent central sleep apnea during CPAP therapy.
Chest 2017;152:751-60.

Gerves-Pinquie C, Bailly S, Goupil F, Pigeanne T, Launois S, Leclair-Visonneau L,
Masson P, Bizieux-Thaminy A, Blanchard M, Sabil A, Jaffuel D, Racineux JL,
Trzepizur W, Gagnadoux F, Pays de la Loire Sleep Cohort Study G. Positive airway


https://doi.org/10.1016/j.sleep.2023.07.014
https://doi.org/10.1016/j.sleep.2023.07.014
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref1
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref1
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref1
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref1
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref1
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref1
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref1
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref2
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref2
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref3
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref3
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref3
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref4
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref4
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref5
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref6
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref6
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref6
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref7
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref7
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref8
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref8
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref8
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref9
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref9
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref9
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref9
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref10
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref10
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref10
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref11
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref11
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref11
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref11
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref12
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref12
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref12
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref13
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref13
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref13
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref13
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref13
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref13
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref14
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref14
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref14
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref14
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref15
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref15
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref15
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref15
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref16
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref16
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref16
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref16
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref17
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref17
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref17
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref18
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref18
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref18
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref18
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref19
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref19
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref19
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref19
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref20
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref20
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref20
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref20
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref21
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref22
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref22
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref22
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref23
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref23
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref24
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref24
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref24
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref24
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref24
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref25
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref25
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref25
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref25
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref25
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref26
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref26
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref26
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref26
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref27
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref27
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref27
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref27
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref27
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref28
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref28
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref28
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref29
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref29
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref29
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref30
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref30
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref30
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref31
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref31
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref31
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref31
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref31
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref31
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref31
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref32
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref32
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref33
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref33
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref33
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref34
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref34
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref34

R. Tamisier et al.

[35]

pressure adherence, mortality and cardio-vascular events in sleep apnea patients.
Am J Respir Crit Care Med 2022.

Gershon AS, Lindenauer PK, Wilson KC, Rose L, Walkey AJ, Sadatsafavi M,
Anstrom KJ, Au DH, Bender BG, Brookhart MA, Dweik RA, Han MK, Joo MJ,
Lavergne V, Mehta AB, Miravitlles M, Mularski RA, Roche N, Oren E, Riekert KA,
Schoenberg NC, Stukel TA, Weiss CH, Wunsch H, Africk JJ, Krishnan JA. Informing

421

Sleep Medicine 113 (2024) 412-421

healthcare decisions with observational research assessing causal effect. An official
American thoracic society research statement. Am J Respir Crit Care Med 2021;
203:14-23.

[36] Tavazzi L. Observational research as a platform for evidence-based public health
policies and learning health systems. Eur Heart J 2017;38:1891-4.


http://refhub.elsevier.com/S1389-9457(23)00257-5/sref34
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref34
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref35
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref35
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref35
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref35
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref35
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref35
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref35
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref36
http://refhub.elsevier.com/S1389-9457(23)00257-5/sref36

	FACE study: 2-year follow-up of adaptive servo-ventilation for sleep-disordered breathing in a chronic heart failure cohort
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Participants
	2.3 Follow-up
	2.4 Outcomes
	2.5 Statistical analysis

	3 Results
	3.1 Study population
	3.2 Impact of ASV on outcomes in the overall population
	3.3 Outcomes by patient phenotype
	3.4 Effects of ASV by patient phenotype
	3.5 Sensitivity analysis

	4 Discussion
	4.1 Study limitations

	5 Conclusions
	Clinical perspectives
	Sources of funding
	Data sharing statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


