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A b s t r ac t
Heart failure (HF) shares a bidirectional cause and effect relationship with sleep-disordered breathing (SDB). This review aims to address the
epidemiology, etiopathogenesis, and treatment for such patients as early suspicion, and treatment is the key to improved morbidity and mortality.
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I n t r o d u c t i o n

1

Heart failure (HF) is a clinical entity characterized by typical
symptoms (e.g., breathlessness, ankle swelling, and fatigue) with/
without signs (e.g., elevated jugular venous pressure, crackles, and
peripheral edema). It is affected by a structural or functional cardiac
abnormality, ending in a reduced cardiac output with or without
increased intracardiac pressures at rest or during stress.1 The aging
of population and prolongation of the lives of cardiac patients by
modern therapies have led to an increment in the prevalence of
HF. Besides, we have also seen an increase in sleep-disordered
breathing (SDB) of varying patterns in these patients. The mortality
rate in patients suffering from SDB-HF is unacceptably high, making
early detection of this condition imperative.2

H e a r t F ai lu r e
The existing definition of HF restricts itself to stages at which
clinical symptoms manifest. Before clinical symptoms manifest,
patients can exhibit asymptomatic structural or functional cardiac
abnormalities [systolic or diastolic left ventricular (LV) dysfunction],
which are precursors of HF. Heart failure encompasses a wide range
of patients, of those with normal left ventricular ejection fraction
(LVEF) [typically considered as ≥50%; HF with preserved ejection
fraction (HFpEF)] to those with reduced LVEF [typically considered
as 40%; HF with reduced ejection fraction (HFrEF)]. Patients with
an LVEF in the range of 40–49% denote a “gray area,” which we
now define as HFmrEF.1 An unusual electrocardiogram and/or
plasma levels of B-type natriuretic peptide (BNP) >35 pg/mL and/
or N-terminal pro-BNP (NT-proBNP) >125 pg/mL secure a diagnosis
of HFpEF, HFmrEF, or HFrEF more likely. The subsequent step
comprises an advanced workup in case of initial evidence of HFpEF/
HFmrEF. It comprises an objective demonstration of structural
and/or functional alterations of the heart as the underlying cause
for the clinical presentation. Differentiation of patients with HF
based on LVEF is important due to diverse underlying etiology,
demographics, comorbidities, and response to therapies. 3

H e a r t F ai lu r e : E p i d e m i o lo g y
E t i o pat h o g e n e s i s

and

The prevalence of HF depends on the definition implemented, 1–2%
of the adult population in developed nations, rising to ≥10% among
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people >70 years of age.4 Among HF population, the prevalence
of HFpEF ranges from 22 to 73%, depending on the definition
used, the clinical setting (primary care, hospital clinic, and hospital
admission), age and sex of the examined population, and previous
myocardial infarction (MI).1
The etiology of HF is diverse; patients will have several different
pathologies—cardiovascular and noncardiovascular—that conspire
to cause HF. Identification of these different pathologies should be
part of the diagnostic workup (Table 1). In the 1970s, in the United
States and Europe, hypertension and coronary disease, particularly
MI, were the essential causes of HF.5,6 However, recently, coronary
disease and diabetes mellitus have become frequently responsible
for HF, while hypertension and valve disease have become less
prevalent because of advances in detection and therapy.7
In a 19-year follow-up study of 13,643 men and women,
National Health and Nutrition Examination Survey (NHANES I), the
risk determinants for HF were coronary heart disease, cigarette
smoking, hypertension, obesity, diabetes mellitus, and valvular
heart disease. However, the valvular disease is a frequently probable
cause of HF at older ages, with calcific aortic stenosis being the most
common disorder requiring surgery.7
The predisposing conditions commonly associated with HFpEF
and HFrEF include older age, hypertension, coronary disease, and
diabetes mellitus. Patients with HFpEF tend to be older, more
frequently have hypertension, are overweight, and are more
often women, compared with patients with HFrEF.8 The PREVEND

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Sleep-disordered Breathing in Heart Failure: A Complex Bidirectional Pathophysiology
community-based cohort study of middle-aged subjects identified
predictors of these two types of HF. In a multivariate analysis,
incident HF was associated with the factors listed above as well as
obesity, NT-proBNP, and highly sensitive troponin T (hs-TnT) in all
subjects. In a comparison of etiology for HFpEF vs HFrEF, female
sex, atrial fibrillation, increased urinary albumin excretion, and
raised cystatin-C levels were preferentially associated with HFpEF.
The male sex, smoking, hs-TnT, and prior MI were preferentially
associated with HFrEF.9

S l e e p - d i s o r d e r e d B r e at hi n g
Sleep-disordered breathing defines disorders of plural chronic
conditions in which partial or complete cessation of breathing
occurs primarily and often exclusively during sleep. The
characteristic feature of SDB is cycles of notable pauses in
breathing with consequent hypoxia and incomplete neurological
arousals that interrupt the architecture of sleep. The classification
of SDB includes obstructive sleep apnea (OSA) and central sleep
apnea (CSA). The apnea hypopnea index (AHI) grades the severity
Table 1: Predisposing conditions for heart failure
HF—predisposing conditions
Hypertension
Coronary artery disease
Valvular heart disease
Cigarette smoking
Diabetes mellitus
Overweight
Atrial fibrillation
Sleep apnea
Advancing age

as mild (6–14 episodes/hour), moderate,10–23 or severe (>30)
(Figs 1 and 2).24
Obstructive sleep apnea results from the absolute collapse of the
pharynx and upper airways, whereas CSA arises from the variations
in the central respiratory drive. During OSA, the abdominal and
thoracic efforts increase to produce airflow. By contrast, respiratory
movements are absent in CSA.25 Obstructive sleep apnea and CSA
might stem from a common origin, and the patient can present with
predominantly obstructive apneas at the beginning of the night that
transforms into essentially central apneas toward the morning.26
The third form of SDB prevalent in patients with HF is mixed sleep
apnea, designated by an initial central apnea event followed by an
obstructive component.

S l e e p - d i s o r d e r e d B r e at hi n g : E p i d e m i o lo g y
a n d E t i o pat h o g e n e s i s
The prevalence of OSA in otherwise healthy adults varies widely in
the literature. It is 2–9% in women and 4–26% in men depending
on the models used for the diagnosis but with a marked upsurge
in prevalence in a previous couple of decades.27,28 The prevalence
of CSA/Cheyne–Stokes respiration (CSR) in healthy adults seems to
be below that of OSA, but no strong evidence has been presented
on this issue so far. Age, sex, sleep stage, and several medical
conditions reported affecting susceptibility to CSA. Breathing
instability anticipated to occur at sleep onset when patients can
oscillate between wakefulness, and various sleep stages are also a
potential trigger for CSA.26

S l e e p - d i s o r d e r e d B r e at hi n g
F ai lu r e

in

Heart

In the HF population with reduced LVEF (≤40%, HFrEF), SDB is
50–75% of cases; however, SDB prevalence estimates in the HFpEF

Fig. 1: A 5-minute epoch showing numerous obstructive sleep apneas associated with fall in nasal flow with preserved thoracic and abdominal efforts
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Fig. 2: A 5-minute epoch showing numerous central sleep apneas associated with fall in nasal flow with absent thoracic and abdominal efforts.
The crescendo and decrescendo flow is suggestive of Cheyne–Stokes breathing

population is slightly unclear. The data about the prevalence of SDB
in HFpEF are relatively scarce; existing studies support a prevalence
of SDB of approximately 55%.10,11
The cross-sectional studies reported OSA prevalence (11–37%),
the prevalence being greater in men (38%) than in women (31%).12
The prospective sleep heart health study comprising 6,424 men
and women indicated that the presence of OSA (defined as an
AHI ≥10/hour) favored the appearance of HF independent of other
known risk factors.13 In cross-sectional studies on SDB in patients
with HF with LV systolic dysfunction, the frequency of CSA/CSR
ranges between 28% and 82%.10,12 This enormous range might
depend on numerous variables, including the etiology and severity
of HF. The principal risk factors for CSA/CSR in HF patients identified
are male sex, advanced age, hypocapnia, atrial fibrillation, or
presence of a pacemaker, except obesity.12,14 Interestingly, women
with systolic dysfunction infrequently develop CSA/CSR.

ventricle. The increase in preload, as mentioned earlier, causes a
leftward shift of the interventricular septum that further reduces
the LV function. The negative intrathoracic pressure is also liable for
an increased LV transmural pressure, which increases the afterload,
further impairing the function of an already failing left ventricle.17
These recurrent events that accompany repeated obstructive
apnea cause a further increase in the already elevated sympathetic
activity in patients with HF, documented by increased plasma
catecholamine. The association of rehashed cycles of apneas and
hypopneas induces endothelial dysfunction. Also noted is increased
plasma concentration of inflammatory markers, increased platelet
aggregability, and increased variability in blood pressure and
heart rate.18

P at h o g e n e s i s o f O b s t r u c t i v e S l e e p A p n e a
i n H e a r t F ai lu r e

The arterial partial pressure of CO2 (PaCO2) is the most critical
factor controlling ventilatory drive during both wake and sleep.
Periodic breathing is defined by central apnea, which transpires
when the PaCO2 drops below the apneic threshold, followed by a
hyperventilation phase.18 Whenever the chemical drive of breathing
prevails over the cortical influence on the respiratory controller—as
typically transpires during sleep—the patient becomes apneic
until the PaCO2 increases above the apnea threshold, followed by
a decline in the arterial partial pressure of O2 (PaO2). The alternating
pattern of apnea and hyperpnea sustains because of the continuing
oscillations of PaCO2 around the apnea threshold, associated with
synchronous oscillations in PaO2. In LV failure patients, increased
pulmonary venous pressure leads to pulmonary congestion, thereby
stimulating pulmonary stretch receptors, hyperventilation, and
hypocapnia.19 The stimulation of stretch receptors also increases the
respiratory center sensitivity to CO2 through their vagal afferents.

The collapse of the upper airways produces OSA during sleep in
patients with anatomically narrowed and extremely compliant
airways (Flowchart 1). The dysfunction of the motor neurons,
liable for controlling the musculature within the pharynx, is
accountable for collapse. In patients with HF, additional factors
advocate the collapse of the upper airways. Marked oscillations
in the ventilatory drive, resulting in periodic breathing, influence
the upper airway narrowing. Also, the fluid shift in the supine
position from the legs to central structures contributes to airway
narrowing.15,16 Heart failure worsens the presence and severity of
OSA, and OSA influences the progression to chronic HF through
multiple mechanisms. Inspiration against a closed airway reduces
intrathoracic pressure, increasing venous return to the right
72
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Flowchart 1: Pathogenesis of sleep-disordered breathing in heart failure

secondary. This is probably caused by HF itself or by adverse effects
of commonly prescribed HF medications, such as angiotensinreceptor blockers, loop diuretics, and β-blockers. Nocturia and
orthopnea are commonly reported by patients with HF and are
additional reasons of poor sleep quality.29
Oddly, HF patients with OSA or CSA do not complain of daytime
sleepiness, snoring, or choking presumably because of the high
sympathetic tone in HF. 30 The Canadian Cardiovascular Society
recommends considering OSA in HF patients manifesting as
paroxysmal or recurrent atrial fibrillation, refractory hypertension,
raised body mass index, and unanticipated pulmonary hypertension
or right ventricular dysfunction. Furthermore, SDB should also be
considered in HF patients with malignant ventricular arrhythmias
particularly at night.31

D iag n o s i s o f S l e e p - d i s o r d e r e d B r e at hi n g
i n H e a r t F ai lu r e

OSA, obstructive sleep apnea; RAA, renin-angiotensin aldosterone; HR,
heart failure; LV, left ventricle; RR pulse rate; CSA, central sleep apnea

When patients with HF and peripheral edema lie supine, increased
venous return from the extremities causes a rostral fluid shift, and
pulmonary congestion further stimulates vagal receptors in the
lungs to elicit reflex hyperventilation.20 Indeed, central apneas are
more prevalent in the supine position, and sleeping on one side can
lead to the amelioration of the severity of CSA and CSR.21
Overall, CSA/CSR has been recognized more as a consequence
than a cause of HF. However, HF and CSA patients are characterized
by a high sympathetic activation during both day and night.
This sympathetic activation is linked to the frequency of apneas.
Additionally, the frequency and severity of hypoxia through
chemoreflex activation contribute to the degree of sympathetic
activation. These mechanisms suggest that CSA can have a
causative role in worsening the clinical condition of patients with HF,
emphasizing the existence of a bidirectional relationship between
two conditions. The bidirectional relationship has potential
therapeutic implications, given the evidence that the treatment
of CSA can diminish sympathetic activity.22

S l e e p Q ua l i t y

in

H e a r t F ai lu r e

Patients with HF frequently complain of sleep fragmentation or
non-restorative sleep, challenges in initiating sleep, or waking up
too early in the morning. Epidemiological data display a higher
prevalence of chronic insomnia in patients with HF than the general
population (33% vs 10–15%).23 In distinct cases, insomnia can be

The sleep apnea diagnosis in patients with HF requires nocturnal
monitoring of specific signals to recognize the peculiar mechanical
characteristics of sleep breathing typical of OSA and CSA and to
quantify the AHI. A formal diagnosis of OSA is made in instances
when AHI >15/hour or when AHI >5/hour with concomitant
presence of at least one of the following symptoms: sleepiness;
non-restorative sleep; fatigue or insomnia; waking up with
breath-holding, gasping, or choking; habitual snoring, breathing
interruptions, or both recorded by a bed partner or observer;
hypertension; mood disorder; cognitive dysfunction; coronary artery
disease; stroke; congestive HF; atrial fibrillation; or type II diabetes
mellitus. Furthermore, diagnosis of CSA requires a component AHI
of five or more with or without central hypopneas per hour of sleep,
with additional criteria for specific subtypes of CSA.24,32
The current standard diagnostic tool for SDB is overnight
polysomnography. This requires the simultaneous monitoring of
sleep electroencephalogram, eye movement, chin electromyogram,
cardiac rhythm, body position, oxyhemoglobin saturation, oronasal
flow, and detection of respiratory effort with noninvasive methods
that can discriminate between obstructive and central events.
The intraoesophageal pressure assessment as a measurement of
respiratory effort is an alternative method, although less commonly
performed. The assessment of the effect of SDB on cardiovascular
function is done by measurement of the time required for pulse
waves to reach peripheral arteries, defined as pulse transit time.
Pulse transit time can also be used in the assessment of patients with
HF and SDB, with better results when combined with capnography.33
Whether SDB occurs as a consequence of HFpEF or SDB
induces, diastolic dysfunction is still a matter of debate. Fung
et al. investigated 68 OSA patients for parameters of diastolic
dysfunction; the results stated that more severe SDB was associated
with a higher degree of diastolic dysfunction. 34 These results were
also supported by Otto et al., who compared 23 otherwise healthy
patients with OSA with 18 patients without OSA and found an
increased left atrial volume index as well as abnormal diastolic
filling parameters in the OSA group. 35 Besides an increased left
atrial volume index, Romero-Corral et al. reported an association
between SDB and an impaired myocardial performance index.36
Correspondingly, Sidana et al. found a higher prevalence of
diastolic dysfunction in moderate-to-severe OSA than in those
with mild or no OSA. 37 The main reason for this could be repeated
nocturnal hypoxemias leading to sympathetic nerve activation with
a consequent increase in hormonal activation and arterial blood
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pressure, thus predisposing to wall thickening and compromised
diastolic function.
In HFpEF, pulmonary congestion may arise from a compromised
LV filling pattern, which supports the theory, that SDB, and CSA in
particular, could be a consequence of HFpEF. Bitter et al. correlated
pulmonary capillary wedge pressure (PCWP) and AHI in their entire
cohort, and the CSA group specifically support this theory. 38 Bucca
et al. showed that the diuretic treatment of HFpEF produces a
significant decrease in AHI, possibly due to a reduction in pulmonary
congestion.39

T r e at m e n t
Currently, the optimization of available HF therapies is still the gold
standard for the management of patients with HF. Patients with even
mild OSA and associated comorbidities need treatment for OSA. The
first-line therapy for moderate-to-severe OSA is continuous positive
airway pressure (CPAP). Oral appliance and upper airway surgery are
other modalities of treatment.40 In the case of CSA/Cheyne–Stokes
breathing (CSB) with HF apart from optimizing HF therapy, treatment
options also include supplemental oxygen, CPAP, bi-level positive
airway pressure (BPAP) with backup rate, adaptive servo-ventilation
(ASV), or transplant.41
One randomized trial of CPAP provided preliminary evidence
of prolonged survival in patients with CSB–CSA treated with
CPAP.12 The Canadian continuous positive airway pressure trial
subsequently investigated the ability of CPAP to improve mortality
for patients with CSA and HF. This large, multicenter, randomized,
controlled trial compared CPAP and standard treatment for
patients with chronic HF and CSB–CSA. 42 Unfortunately, the
trial failed to show a survival benefit with CPAP treatment, and
there was a trend for higher early mortality in the CPAP group.
The outcomes of the study were disappointing, but the analysis
showed that only about 50% of patients responded to CPAP
(defined as an AHI <15/hour on a sleep study after 3 months of
treatment). Several studies have documented that ASV is well
tolerated and effective in CSB–CSA patients. The SERVE-HF
trial had studied the impact of ASV in CSB–CSA patients in a
randomized control design. The trial failed to demonstrate any
mortality benefit.43 Patients in the ASV group had significantly
higher mortality than the control group. A plausible explanation
for the result is protective nature of CSA by resting of respiratory
muscles, attenuation of excessive sympathetic nervous system
activity, evasion of hypercapnic acidosis, hyperventilation-related
increases in end-expiratory lung volume, and intrinsic positive
airway pressure. Another feasible explanation could be the
application of positive airway pressure may impair cardiac function
in at least some patients with HF. The ongoing ADVENT-HF trial is
designed to test whether ASV improves cardiovascular outcomes
in HF patients with sleep apnea. The preliminary results show
good compliance to therapy and no safety concerns as yet.44 A
novel approach to the treatment of CSB–CSA is a stimulation of
the phrenic nerve. A pulse generator is implanted to stimulate the
diaphragm during sleep, aiming at maintaining regular respiratory
excursions.45 Abraham et al. reported a 55% decrease in AHI at
3 months and a considerable improvement of sleep efficiency,
oxygen saturation, and quality of life.46
Management of SDB in HF is complex and requires the
combined role of cardiologist and pulmonologist. The screening
of patients of HF for SDB should be routinely done, and suspected
cases should undergo level I polysomnography.
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