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Summary

Patients with both heart failure and obstructive sleep apnea often have poor, repeatedly disrupted
sleep, and yet they frequently do not complain of excessive daytime sleepiness. Understanding this
lack of perceived sleepiness is crucial for the case identification and treatment of obstructive sleep
apnea in the heart failure population at high risk for this disease, especially given the association
between untreated obstructive sleep apnea and mortality among patients with heart failure. In this
review, we present epidemiologic evidence concerning the lack of sleepiness symptoms in heart
failure and obstructive sleep apnea, explore possible mechanistic explanations for this relationship,
assess the benefits of treatment in this population, discuss implications for clinical practice, and
explore directions for future research.

Keywords
Heart failure; Obstructive sleep apnea; Cardiovascular disease; Excessive daytime sleepiness

Introduction and Overview

Obstructive sleep apnea (OSA) is characterized by the interruption of ventilation due to a
repetitive collapse of the upper airway during sleep (Somers et al., 2008) and is a major
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public health problem affecting five to 15% of adults in the United States (Young et al.,
1993). Among patients with heart failure (HF), which is a clinical syndrome that occurs
when there is a decline in the pumping ability of the heart (Lymperopoulos et al., 2013)
sleep apnea, or sleep disordered breathing (SDB) is a common issue. We focus our review
on reduced ejection fraction (HFrEF aka systolic HF) which occurs when the heart fails to
contract properly and ejects less blood as a result (Borlaug and Paulus, 2011). SDB includes
obstructive sleep apnea, as well as central sleep apnea (CSA), which occurs when ventilation
is interrupted as a result of an abnormality in the brainstem’s regulation of respiration. In
both disorders, the apnea hypopnea index (AHI), or total number of apneas and hypopneas
per hour, is elevated from normal. OSA and CSA have different pathophysiologies, and, for
this review, we explore the relationship between HF and OSA specifically. Using an apnea
hypopnea index cut-off of 15 with 50% or more obstructive events, OSA is diagnosed in
varying proportions of HF patients, ranging from approximately 16% (Oldenburg et al.,
2016) to 37% (Sin et al., 1999) to 46% (Arzt et al., 2016) of HF patients. To further
compound the problem, OSA remains under-diagnosed (Kapur et al., 2002).

The Adult OSA Task Force of the American Academy of Sleep Medicine categorizes
patients with heart failure as a group at high risk of OSA (Epstein et al., 2009). According to
the Task Force, these patients should be evaluated for symptoms such as witnessed apneas,
snoring, gasping episodes, sleep fragmentation, morning headaches, decreased
concentration, and excessive daytime sleepiness not explained by other factors” (Epstein et
al., 2009). However, including these symptoms, such as excessive daytime sleepiness, as
important indicators of OSA in patients with HF may be problematic, since patients with HF
appear to have fewer sleepiness complaints than the general OSA population. Sleepiness is
the physiological state in which the body needs sleep and may also be an individuals’
perception of physiological and psychological symptoms pertaining to sleepiness; thus,
different individuals may perceive sleepiness symptoms differently (Hublin et al., 1996,
Johns, 2000).

Excessive daytime sleepiness (EDS) is commonly measured by the Epworth Sleepiness
Scale (ESS), which is a validated questionnaire that asks subjects to rate their likelihood of
falling asleep in several common situations (Johns, 1991). As the scale is subjective, patients
with HF and OSA who do not experience this symptom will not report it. This decreases the
likelihood of testing and eventual diagnosis and treatment of OSA. This is especially
concerning because those patients with heart failure treated for OSA have decreased two-
year mortality rates compared to HF patients not treated for OSA (HR: 0.33 [95%
confidence interval, 0.21-0.51], A< 0.0001) (Javaheri et al., 2011) Despite these potential
consequences, there currently are no comprehensive reviews exploring excessive sleepiness
in this population. This review seeks to address this gap by detailing the epidemiology and
mechanisms for the lack of association between EDS and OSA among patient with CHF,
explaining the treatment options, screening recommendations, and implications for future
research.
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Epidemiological studies on Sleepiness Symptoms in Heart Failure patients with
Obstructive Sleep Apnea

Findings in several reviewed studies generally provide evidence that patients with both OSA
and HF do not commonly complain of excessive daytime sleepiness (Javaheri et al., 1998,
Kaneko et al., 2003, Arzt et al., 2006, Rao et al., 2006, Mansfield et al., 2004, Wang et al.,
2009). Arzt et al compared HF patients to community controls and found that HF patients at
any AHI slept less and yet still had less subjective daytime sleepiness than community
controls (p<.01) (Arzt et al., 2006). Kaneko et al and Mansfield et al explored baseline
sleepiness levels in patients with HF and OSA (Kaneko et al., 2003, Mansfield et al., 2004)
and several studies have previously compared EDS in HF patients with and without sleep
apnea or sleep-disordered breathing (Dolliner et al., 2013, Herrscher et al., 2014, Javaheri et
al., 2011, Redeker et al., 2010, Wang et al., 2009, Yumino et al., 2009). These studies found
that most HF patients, regardless of whether or not they had OSA, endorsed similar levels of
daytime sleepiness. See Table 1 for detail.

In the majority of the reviewed studies that used the Epworth sleepiness scale, scores for
patients with HF and OSA were generally within the normal range of scores for healthy
adults (zero to ten) (Dolliner et al., 2013, Herrscher et al., 2014, Javaheri et al., 2011,
Redeker et al., 2010, Wang et al., 2009, Yumino et al., 2009, Kaneko et al., 2003, Mansfield
et al., 2004). Additionally, HF patients with and without OSA report normal levels of
sleepiness symptoms. These findings suggest that there are differences between both
diseases that decreases HF/OSA patients’ ability to experience the symptoms of excessive
daytime sleepiness that are often experienced by OSA patients without HF.

Weaknesses of the existing epidemiologic studies include concerns about different measures
of exposure and outcome, control of confounding variables, inclusion criteria, and power
(Arzt et al., 2006). In the majority of these studies (Arzt et al., 2006, Kaneko et al., 2003,
Rao et al., 2006, Mansfield et al., 2004, Wang et al., 2009), sleepiness was measured via the
Epworth sleepiness scale (ESS). However, in the study by Javaheri et al, sleepiness was
assessed by asking several questions regarding subjects’ tendencies to fall asleep in various
situations (Javaheri et al., 1998); as this work preceded the other manuscripts cited, it was
published prior to widespread use of the ESS (See Table 1). Thus varying methods are used
for assessing subjective sleepiness, from the methods used in Javaheri et al. to the ESS
(Riegel et al., 2013). Beyond concerns about the different measures of subjective sleepiness
used, there is also the possibility that objective measures of sleepiness, such as the
Psychomotor Vigilance Task (PVT), (Dinges and Powell, 1985) may be a more accurate
reflection of sleepiness. PVT measures sustained attention as an indicator of sleepiness by
counting the subject’s lapses in attention. Creber et al explored sleepiness in a chronic heart
failure population in which, 64% of subjects had mild to severe sleep apnea and 72%
reported poor sleep. Subjective measures of sleepiness, such as the ESS, Pittsburgh Sleep
Quality Index, and Stanford Sleepiness Scale, did not demonstrate sleepiness, but
importantly the objective PVT measure showed evidence of the effects of poor sleep by
demonstrating poor behavioral alertness (Creber et al., 2015). Additionally, the ESS may not
be an accurate predictor of sleep-disordered breathing even in patients without heart failure,
as some studies have shown it does not have a statistically significant correlation with
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measures of sleep apnea severity or mean sleep latency (MSL), which is considered the gold
standard for excessive daytime sleepiness (Chervin and Aldrich, 1999, Abrishami et al.,
2010, Benbadis et al., 1999). Other studies suggest that the ESS is the most sensitive and
specific test when it comes to distinguishing between narcolepsy and normal EDS (Johns,
2000). A review of several studies found that the multiple sleep latency test (MSLT),
previously considered the gold standard for measuring EDS, was the least discriminating test
of daytime sleepiness, compared to the maintenance of wakefulness test (MWT) and the
ESS, which was considered the most discriminating (Johns, 2000).

Furthermore, current studies use inconsistent inclusion criteria, with some including central
sleep apnea and others including only obstructive sleep apnea, and inconsistently controlling
for confounding variables. Even in studies that separated patients with OSA and CSA, these
conditions can coexist in the same patient, making it challenging to correctly classify
patients’ disease. All studies had small sample sizes, which limited statistical power to
confirm hypotheses. In spite of these limitations, the studies consistently found that HF
patients generally did not complain of excessive daytime sleepiness. This suggests that there
are mechanisms specific to heart failure that reduce disrupted sleepiness perception. As the
HF patients’ poor PVT results demonstrated, even when these patients did not perceive their
sleepiness, their behavioral alertness was negatively impacted.

Sympathetic Activation as a Mechanism for the Lack of Self-Reported Sleepiness in Heart
Failure and OSA

Mechanistically, it is hypothesized that the lack of symptomatic sleepiness in patients with
heart failure and OSA may be due to an increase in sympathetic activity, which increases
arousal and wakefulness and decreases daytime sleepiness symptoms (See Figure 1). The
proposed mechanism is similar to patients with atrial fibrillation, with patients not reporting
excessive daytime sleepiness (Albuquerque et al., 2012). The plausibility of this explanation
will be discussed in the following sections.

Sympathetic Activation in Heart Failure—The most prominent neurochumoral
mechanism at play in individuals with HF is the adrenergic, or sympathetic nervous system
(SNS), whose activity and outflow are significantly elevated in HF. When the SNS is
activated, two catecholamines, norepinephrine and epinephrine, increase the rate and force
of contraction of the heart and increase blood pressure. Under normal conditions when the
heart is functioning properly, these effects work as a compensatory mechanism to maintain
cardiac function (Lymperopoulos et al., 2013). However, in patients with HF, sympathetic
outflow to the heart, kidney, and skeletal muscle is chronically increased as a reflex response
to the hemodynamic disturbances of HF and myocardial ischemia (Floras, 2009, Azevedo et
al., 2001). With continued cardiac insult, the SNS’s ability to compensate for the decreased
contractile function of the failing heart eventually is overwhelmed, and the heart progresses
into chronic decompensated HF. When this occurs, the hyperactive SNS continues to fire
and stimulate the heart to work at a higher level than it can handle. This response confers
significant toxicity to the failing heart and increases morbidity and mortality
(Lymperopoulos et al., 2013).
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In addition to increased sympathetic activation, sleep disruption is another common
consequence of HF. The causes of poor sleep in this population include gender, age,
pathophysiology of HF, medications, comorbid health problems, such as pain and
depression, and primary sleep disorders, such as obstructive sleep apnea (Redeker NS). The
pathophysiology of HF causes poor sleep due to fluid build-up in the lungs, which leads to
patients waking with difficulty breathing after a period in the supine position. This sleep
disruption leads to sympathoexcitation. Because the arousal system has sympathetic inputs
(22), this excitation may carry over into wakefulness and establish a state of heightened
arousal (Spaak et al., 2005, Somers et al., 1995). In rats, this sympathetic input has been
shown to occur through the norepinephrine nuclei in the locus coeruleus, which are
associated with arousal and vigilance (16).

As a result of this increased sympathetic activation both from the failing heart and the
resulting fluid accumulation on the lungs, patients with HF sleep fewer hours than those
without HF and suffer from interrupted sleep more frequently than individuals without HF
(Kaneko et al., 2003). This type of interrupted sleep, which is characteristic of systolic
dysfunction, (Arzt et al., 2006) increases the integrated 24-hour sympathetic burden upon
the failing heart and circulation (Floras, 2009), which can impact patients’ morbidity and
mortality.

Sympathetic Activation in OSA—As in patients with HF, increased SNS activation also
occurs in patients with OSA, thus exacerbating the already highly activated sympathetic
nervous system. During non-rapid eye movement (NREM) sleep, daytime muscle
sympathetic nervous activation (MSNA), as measured by microneurography, and heart rate
usually fall (Somers et al., 1993), while vagal activity and arterial baroreflex control of heart
rate rise (Van de Borne et al., 1994, Smyth et al., 1969). However, during episodes of apnea
in OSA, the tonic inhibition during NREM is interrupted by an increase in sympathetic
nerve discharge to skeletal muscle and other vascular beds. This sympathetic activation is
triggered by a combination of the following events: the lack of reflex inhibition of MSNA by
pulmonary stretch receptors during apneic events (Narkiewicz et al., 1998b), stimulation of
excitatory chemoreceptors by hypoxia and hypercapnia (Narkiewicz et al., 1998b, Kasai and
Bradley, 2011)), unloading of carotid baroreceptors caused by acute reductions in stroke
volume (Bradley et al., 2003), and arousal from sleep at the end of apnea (Somers et al.,
1995, Horner et al., 1995).

Sympathetic activation in both HF and OSA—In exploring sympathetic activation in
both diseases, micrographic recordings have documented significantly elevated MSNA firing
rates in individuals with HF or OSA, when studied while awake and at rest, compared to
healthy control subjects, (Floras, 2009, Kasai and Bradley, 2011, Narkiewicz et al., 1998b).
This is important because subjective daytime sleepiness assessed by the ESS has been found
to decrease with increased sympathetic activity, as quantified by daytime MSNA burst
incidence and frequency (Taranto Montemurro et al., 2012). Furthermore, when HF and
OSA exist simultaneously, MSNA has been found to be significantly greater during
wakefulness than in patients who have HF without OSA (Spaak et al., 2005). This shows the
combined effect that both conditions have on increasing sympathetic activation. Although
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the findings in the epidemiologic studies discussed above did not support this result by
finding that patients with both conditions had even lower rates of excessive daytime
sleepiness (Javaheri et al., 1998, Rao et al., 2006), this may be due to the increase in MSNA
in patients with both diseases being too small to translate into a detectable symptomatic
decrease in subjective sleepiness. It is also possible that HF patients’ baseline levels of
sleepiness are low enough that measures of sleepiness are not able to detect a decrease in
sleepiness symptoms between HF patients with and without OSA. The role of sympathetic
hyperactivation in sleep apnea and sleepiness has been assessed by Donadio and colleagues
(Donadio et al., 2007). As OSAS is associated with higher resting MSNA (Carlson et al.,
1993, Narkiewicz et al., 1998a, Narkiewicz et al., 1998b), it is possible that the sleepiest
patients have the highest MSNA levels as suggested by Donadio and colleagues (Donadio et
al., 2007). In summary, increased SNS activation in patients with both HF and OSA may
counteract the effects of the poor sleep commonly found in patients with HF or OSA,
leading to an insensitivity to sleepiness.

Treatment of OSA in HF: Impact on Cardiovascular Function

Treatment with continuous positive airway pressure (CPAP) is the most studied treatment in
OSA, with or without comorbid HF, and has the most evidence of benefit (Redeker NS). In
patients with normal cardiac function, randomized trials looking at OSA and excessive
daytime sleepiness have shown that CPAP decreases apneic events, improves sleep quality,
reduces daytime sleepiness, improves left ventricular function, and lowers nocturnal and
daytime blood pressure (Engleman et al., 1994, Pepperell et al., 2002).

Although patients with both HF and OSA often do not experience sleepiness symptoms, they
have been found to benefit from CPAP treatment in other ways. In patients with HF and
OSA, CPAP was found to decrease the excess MSNA experienced by these patients to the
level experienced by patients with only one condition (Usui et al., 2005), demonstrating that
treatment successfully decreases sympathetic activation. CPAP was also found to increase
heart rate variability during morning wakefulness, indicating improved vagal modulation of
heart rate, which may improve prognosis (Gilman et al., 2008). This evidence of physiologic
benefit is also supported by studies looking at more clinical outcome measures. For example,
CPAP in patients with HF and OSA was found to result in beneficial decreases in blood
pressure and heart rate (Kaneko et al., 2003), as well as improvements in cardiovascular
function, such as increased left ventricular ejection fraction (LVEF) (Kaneko et al., 2003,
Mansfield et al., 2004). These findings contradict the conclusions of the Barbe et al
randomized trial, which included patients with severe OSA (AHI>30) who did not
experience excessive daytime sleepiness. This trial found that patients randomized to CPAP
did not derive any symptomatic, neurocognitive, or cardiovascular benefits from the
treatment and concluded that in patients with OSA and no sleepiness symptoms, CPAP
should not be recommended (Barbe et al., 2001, Damy et al., 2012). Finally, CPAP has been
shown to decrease morbidity and mortality in patients with HF and OSA. A study by Kasai
et al demonstrated significantly decreased rates of hospitalization or death in patients with
HF and OSA treated with CPAP compared to patients with these conditions not treated with
CPAP (HR 2.03, 95% CI 1.07-3.68, P =0.03) (Kasai et al., 2008). Two other studies by
Damy et al and Javaheri et al also found similar results with sleep apnea treatment,
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consisting mostly of CPAP, in patients with HF and SDB. In the study by Javaheri et al,
treatment decreased mortality (p = 0.009) (Javaheri et al., 2011), while Damy et al
discovered treatment decreased rates of mortality, heart transplant, and assist device
implantation (p = 0.017) (Damy et al., 2012). However, in spite of clear health benefits to
HF patients, with fewer symptomatic benefits, the issue of whether patients comply with
treatment becomes a major concern. Although anecdotal reports indicate that 80% of HF
patients comply with long-term mask therapy if they “are aware of the rationale for
treatment,” further research needs to be done that directly compares CPAP adherence in HF
and non-HF populations (Pearse and Cowie, 2016).

There is also the assumption that treating OSA in a person with heart failure is mandatory, or
at least advisable. It is important to note that an RCT assessing the treatment of OSA with
adaptive servo ventilation (ASV) in patients with heart failure and reduced ejection fraction
in reducing mortality is currently underway (Lyons et al., 2017) to explore treatment options
further. ADVENT-HF is a randomized, open-label trial with blinded assessment designed to
determine the effects of treating SDB with ASV on morbidity and mortality in patients with
HFrEF (LVEF <45%) and SDB (apnoea-hypopnoea index >15) during a maximum follow-
up time of 5 years (Lyons et al., 2017). SERVE- HF studied the effects of ASV in patients
who had HFrEF and predominantly central sleep apnea (Cowie et al., 2015) and showed
there is an equally strong association with poor outcome, an apparent lack of daytime
sleepiness, and a strong suggestion of harm from treating the sleep apnea with pressure
therapy (Cowie et al., 2015). The study randomly assigned n=1325 patients with a LVEF of
<45%, an apnea—hypopnea index (AHI) of 15 = per hour, and a predominance of central
events to receive guideline-based medical treatment with ASV or solely guideline-based
medical treatment (control) (Cowie et al., 2015). The primary end point in the time-to-event
analysis was the first event of death, lifesaving cardiovascular intervention, or unplanned
hospitalization for worsening heart failure (Cowie et al., 2015). ASV had no significant
effect, although all-cause and cardiovascular mortality were both increased with this therapy
(Cowie et al., 2015).

Conclusion and Future Implications

Clinicians should be aware that there is excess sympathetic activation in patients with heart
failure, and as a result, subjective sleepiness is not a good indicator of whether or not
patients with HF have OSA. If a patient with HF denies feeling sleepy, they should still be
evaluated for other symptoms of OSA, such as insomnia, snoring, witnessed apneas, or
morning headaches, especially if they have other risk factors, such as obesity. If the patient
screens positive for these symptoms or risk factors, clinicians should consider ordering an
overnight sleep study to screen for OSA in this high-risk group of patients. This maximizes
the likelihood that their OSA is detected and treated. Thus, if there is clinical suspicion of
obstructive sleep apnea, a sleep study should be initiated in heart failure patients even
without sleepiness symptoms.

It will be important to research further the effect of CPAP treatment in reducing blood
pressure and sympathetic activation to improve cardiovascular function. A prior RCT found
that treating OSA patients with CPAP who had CVD was not associated with a reduction in
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cardiovascular events (McEvoy et al., 2016). As there has been suggestion of harm with
treatment of ASV seen in SERVE- HF which studied the effects of ASV in patients who had
HFrEF and predominantly central sleep apnea (Cowie et al., 2015). SERVE-HF found,
although not significantly, that all-cause mortality and cardiovascular mortality were higher
among the group receiving ASV (Cowie et al., 2015).

Although the reviewed studies provide evidence of a relationship between decreased
sleepiness symptoms and the combination of HF and OSA, further investigation is needed to
understand the mechanism. The current epidemiologic studies have methodologic flaws and
inconsistencies: they have small samples, do not consistently control for fatigue, use various
measures of sleepiness and heart failure definitions, do not compare sleepy (ESS>10) versus
non-sleepy groups in the main analyses, do not consider insomnia which may worsen
symptoms of heart failure such as fatigue and low energy (Skotzko, 2009), and do not
adequately control for potential confounders. Studies also do not consistently explore beta
blockers, which are commonly used in heart failure and contribute to fatigue (Fotino et al.,
2013, Kishi et al., 1977) (See Table 1). Gender differences are also not consistently
controlled for, which may contribute to varying degrees of fatigue in OSA (Quintana-
Gallego et al., 2004, Chotinaiwattarakul et al., 2009, Lee et al., 2014) and HF patients
(Ekman and Ehrenberg, 2002).

Future studies should address these issues by more consistently controlling for medications
linked to sleepiness, insomnia, gender differences, fatigue, and measuring sleepiness via
established subjective and objective measures. Studies should also consider comparing
sleepy versus non-sleepy groups and controlling for sleep measures, such as sleep quality
and total sleep time. We have highlighted a potential pathway for the lack of sleepiness in
HF through the failing heart’s activation of the sympathetic nervous system, which may
suppress daytime sleepiness by stimulating alertness and arousal. It will be important to
consider possible unidentified risk factors that contribute to the lack of subjective sleepiness
in HF patients in order to optimize the ability to diagnose and treat these patients.
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Abbreviations

AHI apnea hypopnea index

CPAP continuous positive airway pressure
EDS excessive daytime sleepiness

ESS Epworth sleepiness scale

HF heart failure

HR heart rate
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MSNA muscle sympathetic nervous activation
NREM non-rapid eye movement
OSA obstructive sleep apnea
SDB sleep disordered breathing
SNS sympathetic nervous system
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Practice Points

Patients with heart failure and obstructive sleep apnea generally do not report
excessive daytime sleepiness.

A possible mechanism explaining this phenomenon is that patients with heart
failure and obstructive sleep apnea do not perceive sleepiness as a result of the
constant sympathetic activation that occurs with heart failure.

In heart failure patients with no symptomatic sleepiness, continuous positive
airway pressure treatment of obstructive sleep apnea has beneficial effects
including decreased sympathetic activation, improved cardiovascular
function, and decreased risk of functional compromise and possibly even
death.

If there is clinical suspicion of obstructive sleep apnea, a sleep study should
be initiated in heart failure patients without sleepiness symptoms.
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. Future epidemiologic studies investigating sleepiness in patients with heart

. Further mechanistic studies are needed to explore the role of the sympathetic

Research Agenda

failure and obstructive sleep apnea should improve on the existing literature
by measuring sleepiness via established subjective and objective measures,
controlling for known confounders, and utilizing adequate sample sizes.

nervous system on sleepiness symptoms in obstructive sleep apnea and heart
failure.
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Figure 1: Proposed mechanism of excessive daytime sleepiness in patients with heart failure and
obstructive sleep apnea.

In obstructive sleep apnea (OSA) and heart failure (HF), multiple events during sleep,
including hypoxia, decreased stroke volume, and fluid build-up in the lungs, lead to
increased sympathetic activation, which results in sleep disruption and poor sleep quality.
However, the effects of poor sleep, which usually lead to symptoms of excessive daytime
sleepiness, are counteracted by the constant increase in sympathetic activation that occurs in
heart failure. This may explain the lack of reports of excessive daytime sleepiness in patients
with both HF and OSA.

J Sleep Res. Author manuscript; available in PMC 2020 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Pak et al.

Table 1:

Page 16

Epidemiologic studies exploring sleepiness in heart failure (HFreF) and obstructive sleep apnea

>15 with >50%
obstructive), n = 39
without SDB

- Method of Control for
Authors Subjects Def'|:n|_t||on oLHFeart Sleepiness medications in Results
ailure (HF) Assessment | main analyses
Arztetal n=48 patients with HF Ischemic, non-ischemic, Epworth No control for HF patients at any severity of
2006 1 and obstructive sleep or hypertensive sleepiness medications OSA had significantly lower
apnea (OSA) (Apnea cardiomyopathy with scale (ESS) 81% of HF patients | mean ESS (AHI <5:7.1+0.4
hypopnea index (AHI) > | systolic dysfunction (left were on B- vs 8.3+0.2 [p=.005]; AHI 5-
5 ventricular ejection blockers 14: 6.7£0.7 vs 9.2+0.3 [p<.
n=1139 community fraction (LVEF) < 45%) 001]; and AHI >=15:7.8+0.7
controls (328 subjects vs 9.8+0.4 [p=.01]), despite
had OSA with AHI > 5) sleeping less than community
controls (p<.001).
Dolliner et n =26 HF patients with Recently hospitalized for | ESS No control for No statistically significant
al 20132 OSA (AHI = 15 and heart failure or for heart medications difference in ESS between
>50% obstructive transplantation 90.3% of patients patients with HF and OSA
events) evaluation with LVEF < in this study were (ESS = 8) and patients with
n = 88 HF patients 35% and brain on Beta-blockers HF and no SDB (ESS = 6.5).
without sleep-disordered | natriuretic peptide > 200
breathing (SDB) pg/mL
Herrscher et | n =62 HF patients with Clinically stable heart ESS No control for No statistically significant
al (2014)3 OSA (AHI >5 and failure patients with fully medications difference in ESS between
>50% obstructive titrated medications in 96% of no SDB HF patients with OSA (ESS
events) NYHA class 1I-1V with (AHI<5) patients =5.9+/- 4.3) and HF patients
n =22 HF patients with preserved or unpreserved were on Beta- without SDB (ESS = 5.0+/
no SDB (AHI £5) ejection fractions blockers -3.2).
94% of mild SDB
(5<AHI <15) were
on Beta-blockers
85% of moderate/
severe SDB
(AHI=15) were on
Beta -blockers
Javaheri et n=9 male HF patients Stable HF due to systolic | Non-ESS”* No control for No statistically significant
al 1998 4 with sleep apnea (AHI = | dysfunction (LVEF symptom medications difference in the percent of
15) fraction < 45%) scoring HF patients with and without
n= 72 male HF patients system sleep disordered breathing
without sleep apnea who reported excessive
(AHI <15) daytime sleepiness symptoms
(24% vs.15%); p >.05).
Kaneko etal | N=24 patients with HF HF due to ischemic or ESS No control for Patients with HF and severe
2003 5 and severe OSA (AHI non-ischemic dilated medications OSA did not generally
>20 with > 50% cardiomyopathy for at complain of excessive
obstructive events) least 6 months; sleepiness (mean ESS
LVEF<45% at rest between 5.7 .9 and 6.8 £.7).
Rao et al N=84 ambulatory HF HF defined using the ESS No control for No statistically significant
2006 7 patients; n = 64 with European Society of medications difference in ESS scores
AHI <15and n =20 Cardiology criteria, i.e. between HF patients with
with AHI >15 symptoms of HF, and without sleep disordered
objective evidence of breathing (mean ESS of 7.8
LVEF and/or response to +4.7versus 7.5 +3.6; p =.
treatment directed 87).
towards HF.
Redeker et n = 37 HF patients with Stable chronic HF ESS No control for No statistically significant
al (2010)8 OSA (apnea index = 5, patients from structured medications difference in ESS score
< 50% central apneas) HF disease management between HF patients with
n =27 HF patients programs. OSA (ESS=7.9 +/- 4.5) and
without SDB (apnea HF patients without SDB
index < 5) (ESS = 8.4+/-5.4).
Wang et al N = 195 HF patients: n HF defined as LVEF ESS No control for No statistically significant
20099 =103 with OSA (AHI <45% medications difference in ESS between
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Authors Subjects Deﬂg:ﬁﬁ’g‘zu;?art Sleepiness medications in Results
Assessment | main analyses

vs OSA: 6.7 +/- 0.6 vs 7.6 +/
- 0.4, p=0.105).

Yumino etal | n=>56 patients with HF Ischemic or no-ischemic ESS B-blockers were No statistically significant

2009 10 and OSA (AHI >=15 dilated cardiomyopathy controlled for difference in ESS between

with >=50% obstructive
events)

n =117 patients with Class II-1V after in a generalized mild or no sleep apnea (ESS
HF and mild or no sleep | optimized medical logistic model. B- =7.3+/-4.0)
apnea (AHI < 25) therapy blockers had no

for >= 6 months, LVEF
<=45% and NYHA

using a stepwise
variable selection

HF patients with OSA (ESS
= 7.5+/-3.5) and those with

statistically
significant
association with

sleepiness.
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