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Congestive heart failure (CHF) is the leading cause of hospitalization in those older than 65
years in the United States. More than 5 million Americans have CHF, with an annual
incidence approaching 10 per 1000 among the United States population older than 65. The
disease is costly and deadly. More than 5% of the national health care budget dollars are
spent on CHF.1 The 5-year mortality associated with CHF still remains high at 50%, despite
recent advances in treatment.2 CHF results in approximately 300,000 deaths each year.

Breathing disorders during sleep are common in CHF.3-5 Sleep-disordered breathing (SDB)
in CHF can be broadly classified as 2 types: central sleep apnea with Cheyne-Stokes
breathing (CSA-CSB), and obstructive sleep apnea (OSA). The 2 can occur together. CSB is
characterized by crescendo-decrescendo changes in tidal volume that result in central apneas
(lack of airflow without respiratory effort) as shown in Fig. 1. OSA is characterized by
repeated pharyngeal airway collapse during sleep, resulting in repetitive episodes of oxygen
desaturation episodes despite ongoing respiratory effort, and arousals (Fig. 2). Three to four
percent of women and 6% to 9% of men in the general population have OSA, when defined
as an apnea-hypopnea index (AHI; number of apneas and hypopneas per hour of sleep)
greater than 5 events per hour accompanied by daytime sleepiness or cardiovascular
morbidity such as hypertension. CHF may contribute to SDB by various mechanisms,
including increased pharyngeal wall edema and unstable ventilatory control (discussed in a
later section). OSA may also impair cardiac function acutely by increasing afterload, caused
by increased ventricular transmural pressure during ongoing respiratory efforts; and
chronically by OSA’s association with increased sympathetic activity.” OSA further
complicates CHF by contributing to hypertension, myocardial infarction, stroke, and
nocturnal arrhythmias.

In this article, the authors discuss the epidemiology of SDB in CHF, the pathophysiology of
CSA and OSA in CHF, and the clinical consequences and management of SDB in CHF,
including positive airway pressure (PAP).

© 2010 Elsevier Inc. All rights reserved.
"Corresponding author. bhavneesh@hotmail.com.
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EPIDEMIOLOGY OF SLEEP-DISORDERED BREATHING IN CONGESTIVE
HEART FAILURE

Prevalence of SDB in CHF is difficult to estimate, as there are various criteria used to define
sleep apnea, including the threshold of AHI, definition of hypopnea, and the criteria used to
differentiate CSA from OSA. Most studies to date have focused on systolic (low ejection
fraction) CHF. In the first study using polysomnography in systolic CHF patients by
Javaheri and colleagues, the prevalence of SDB (defined by AHI >20 events/h) was 51%
(40% CSA and 11% OSA). A large retrospective study in 450 subjects with systolic CHF
reported a 61% prevalence of SDB using criteria of 15 events/h or greater. The prevalence
of OSA was higher in this study (32%) than that of CSA (29%), likely due to the criteria
used to define hypopnea or selection bias due to the retrospective nature of the study.>
Another study demonstrated a 55% prevalence of CSB in CHF patients with left ventricular
ejection fraction (LVEF) less than 40%.8 Most of these studies were done before the current
heart failure treatment guidelines were formulated and implemented, and did not necessarily
not reflect current prevalence in the setting of widespread use of, for example, p-blockers in
the treatment of CHF.

Recent studies have continued to show a high prevalence of SDB in patients with CHF
treated with current guideline-based therapy. In the largest study done in systolic CHF
patients treated with current guidelines, SDB was present in 76% of patients (40% had CSA
and 36% had OSA)°—a prevalence and distribution generally confirmed by other
studies.19-12 Between 1997 and 2004, the prevalences of OSA and CSA did not change
significantly despite increased use of B-blockers and spironolactone, and an increase in
LVEF. This relatively high prevalence of SDB in CHF does not reflect referral bias to sleep
clinics: the prevalence was still 61% in 108 consecutive stable CHF patients on maximal
therapy assessed in a heart failure clinic population, that is, with no referral bias to a sleep
clinic (31% had CSA-CSB and 30% had OSA).13 Thus, SDB prevalence in CHF has
remained high despite medical advances in the treatment of CHF. The sustained high
prevalence of SDB appears to be independent of the effect of improved survival, and thus
increasing age (a risk factor for the development of SDB), in this population.

To the authors’ knowledge, only one study has carefully investigated the prevalence of SDB
in patients with stable diastolic (preserved ejection fraction) heart failure. In this study 55%
of patients had SDB, predominantly OSA.14 The causal pathways mediating this association
are unclear but given the strong link between OSA and hypertension, diastolic dysfunction
may well be related to left ventricular hypertrophy resulting from hypertension. Unlike
systolic heart failure, SDB may be a cause, rather than an effect, of diastolic heart failure.

Table 1 provides a summary of prevalence data in the literature. Prevalence of SDB ranges
from 47% to 76% in systolic CHF. CSA is usually more common than OSA, particularly in
studies in which men outnumber women. The factors associated with SDB in CHF in these
epidemiologic studies are summarized in Table 2.

PATHOPHYSIOLOGY OF SLEEP-DISORDERED BREATHING IN

CONGESTIVE HEART FAILURE

Mechanisms of CSA-CSB in Heart Failure

Prolonged circulation time secondary to low cardiac output in systolic CHF was traditionally
thought to be the main cause of CSB. It was hypothesized that delayed transmission of
changes in arterial blood gases to central and peripheral chemoreceptors would cause
ventilatory undershoot and overshoot. However, it has been shown that there is no difference
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in cardiac output, LVEF, or blood circulation time from the lungs to chemoreceptors in
carefully matched CHF patients with and without CSA-CSB,1® challenging the hypothesis
that prolonged circulatory time plays a key role in CSA-CSB in patients with CHF.

CSA in CHF is predominantly caused by instability of ventilatory control systems. Patients
with CSA-CSB have increased peripheral and central chemoresponsiveness that promotes
hyperventilation and hypocapnia.16-19 patients with CSA-CSB in CHF typically have a
chronic respiratory alkalosis due to hyperventilation during both wake-fulness and sleep. An
important factor contributing to chronic hyperventilation is pulmonary vagal irritant receptor
stimulation by pulmonary venous congestion.20-23 Hyperventilation often drives the PCO,
below the apneic threshold, leading to decreased central respiratory drive. Patients with
CSA-CSB in CHF also have abnormal cerebrovascular reactivity to CO, leading to a greater
tendency to develop ventilatory undershoot in response to a greater degree of alkalosis than
normal, causing central apnea.2

Mechanisms of OSA in Heart Failure

Patients with CSA-CSB in CHF have also been found to have obstructive apnea episodes at
the end of central apneas in almost one-third of patients.2> Direct fiberoptic observation has
shown episodes of upper airway narrowing and closure during central apneas.28 This
narrowing could be the effect of reduced neural output to the upper airway muscles during
the nadir of ventilation, in addition to an anatomically narrow upper airway.2%

OSA alone can also occur in CHF. Like other patients with OSA, obesity and age are
significant risk factors. Obesity may be a marker for narrowing of the upper airway because
of deposition of pharyngeal fat or reduced end-expiratory lung volume. However, the
prevalence of obesity in CHF patients is not very high, most patients being clinically
overweight (mean body mass index [BMI; body weight divided by height squared] 28 kg/
m?2)3 and mildly obese.?> CHF patients may have increased risk for OSA due to extracellular
fluid overload. Pharyngeal edema and narrowing may develop during supine sleep with
redistribution of fluid from the legs. This observation was supported by the observed
improvement in OSA after diuretic therapy in a group of patients with diastolic CHF and
OSA.27 The mechanisms of SDB in CHF are summarized in Table 3.

DIAGNOSIS OF SLEEP-DISORDERED BREATHING IN CONGESTIVE HEART

FAILURE

An in-laboratory overnight polysomnogram with an attendant technician is the gold standard
for diagnosing SDB. CHF patients commonly have both central and obstructive apneas
occurring together, although 1 of the 2 SDB patterns may predominate.3° Patients with CHF
who report snoring, excessive daytime somnolence or fatigue, and poor sleep quality should
have their sleep assessed by polysomnography in a sleep laboratory. Paroxysmal nocturnal
dyspnea may actually reflect CSA-CSB, with an arousal during a period of hyperpnea.
Polysomnography could also be considered in patients with heart failure who have nocturnal
angina, recurrent arrhythmias, refractory heart failure symptoms, or in whom an abnormal
respiratory pattern has been witnessed. Questionnaires like the Epworth Sleepiness Scale
(ESS),28 the Berlin Questionnaire,2% and the Maislin Questionnaire3C can be used to screen
patients for SDB; however, CHF patients typically do not report excessive daytime
sleepiness. CHF patients have less subjective daytime sleepiness as measured by ESS
despite having less total sleep time compared with subjects without CHF.

A variety of portable home polysomnograph devices are also available to diagnose SDB, but
none is currently recommended.3132 Home nocturnal oximetry has 85% sensitivity and 93%
specificity to diagnose SDB in CHF, but may not distinguish between CSA and OSA
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accurately.33 Home respiratory telemonitoring might constitute a potential low-cost
alternative to traditional polysomnography in the evaluation and management of SDB in
CHF patients.3* Heart rate variation in response to apnea events has been used to diagnose
SDB in patients with CHF.3® Thoracic impedance monitoring has been used to measure
cardiac output variation in response to apnea events in CHF patients with SDB.3¢ These new
techniques are not being used widely to diagnose SDB in CHF patients, and the authors
await further data before giving any definitive recommendations.

PATHOPHYSIOLOGICAL CONSEQUENCES OF SLEEP-DISORDERED
BREATHING IN CONGESTIVE HEART FAILURE

CSB results in recurrent hypoxemia, hypercapnia, and hypocapnia, and increased negative
intrathoracic pressure. These changes cause release of inflammatory mediators, increases in
transmural pressure in cardiac chambers, and diminished oxygen delivery to tissues. The
mean overnight urinary norepinephrine excretion (UNE) level is significantly elevated in
CHF patients with either OSA or CSA-CSB compared with those with CHF and no SDB,
indicating increased overnight sympathetic activity.” CSA-CSB is associated with nocturnal
ventricular arrhythmias—premature ventricular contractions (PVCs), couplets, and
ventricular tachycardia—which decrease significantly when CSA is suppressed using
continuous positive airway pressure (CPAP).37 PVCs may be seen more in the hypercapnic
phase of CSA than the apneic phase.38 In addition, atrial fibrillation is also common in CHF
patients with CSA,339 although the causal relationship is unclear.

Whether these nocturnal arrhythmias or CSA-CSB affect outcome is unknown. Although
patients with CSA-CSB and CHF have worse quality of life than those without CSA-CSB,40
CSA is not clearly associated with increased mortality in CHF patients.1®41 Thus, the data
remain controversial as to whether CSA has independent prognostic utility in CHF.

OSA and potential relationships to cardiovascular function have been better studied.
Ongoing respiratory efforts against an occluded upper airway cause intrathoracic pressure
swings that increase systolic transmural pressure, increase left ventricular afterload, and thus
reduce cardiac output.*2 OSA has been shown to cause left ventricular systolic*344 and
diastolic*® dysfunction even in patients without a history of CHF, which improved after
nocturnal CPAP treatment for 6 months. Increased sympathetic activity during OSA results
in increased heart rate, vasoconstriction, and increased peripheral resistance.® OSA is also a
well-recognized independent risk factor for hypertension®’ and coronary artery disease,*8
which may worsen CHF. OSA may yield acceleration of atherosclerosis by causing
inflammation and endothelial dysfunction. This finding is supported by the observation that
OSA patients have high plasma C-reactive protein concentrations (in some but not all
studies)?® and increased reactive oxygen species production in neutrophils.>® Thus OSA
may exacerbate CHF through a variety of mechanisms.

TREATMENT OF SLEEP-DISORDERED BREATHING IN CONGESTIVE
HEART FAILURE

The first step in the management plan for a patient with SDB and CHF should be
optimization of CHF treatment. As discussed earlier, use of diuretics?” reduced OSA in CHF
patients, and lowering of the pulmonary capillary wedge pressure can improve CSA.
Captopril®! and carvedilol5253 may also reduce CSA in CHF patients.

General measures such as avoiding supine sleep, attempting to reduce weight if obese, and
avoidance of the use of benzodiazepines and alcoholic beverages before bedtime may
decrease the likelihood of upper airway occlusion during sleep, thus reducing OSA in CHF
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patients. Treatment of OSA with a mandibular advancement device in mild to moderate
stable CHF reduced AHI and plasma brain natriuretic peptide level, but there was no
improvement in LVEF or health-related quality of life.5 Despite these alternative therapies,
many patients will require PAP to eliminate apneas.

Positive Airway Pressure

Positive airway pressure devices have been successfully used to treat OSA in stable CHF
patients. Nocturnal CPAP use in patients with CHF and OSA can result in reductions in left
ventricular transmural pressure, which may increase LVEF.5> CPAP use has been shown to
improve LVEF in some®6-59 (but not all®0) studies, improve quality of life, and to lower
overnight UNE,%’ daytime systolic blood pressure, and left ventricular end-systolic
diameter>8 in patients with stable systolic CHF and OSA. Negative results in one study may
be explained by the low CPAP use (mean CPAP usage was 3.5 h/night). In a meta-analysis
of randomized controlled trials comparing the effect of nocturnal CPAP therapy on LVEF in
patients with stable systolic CHF and OSA, the pooled odds ratio for improvement in LVEF
after CPAP therapy was 7.3.51 The effect is probably rapid: significant improvement in
LVEF was also seen after 3 days of PAP therapy in patients with decompensated CHF and
OSA.52-64 The results of the randomized controlled trials evaluating PAP therapy in CHF
and OSA are summarized in Table 4.

In various studies with a follow-up period of 1 to 3 months, CPAP was an effective
treatment for CHF with CSA-CSB, improving SDB,55-67 |L\VEF,65.66.68 an( inspiratory
muscle strength,6 and decreasing urinary norepinephrine levels.5” CPAP treatment was
associated with a 60% relative risk reduction in mortality-cardiac transplantation rate in
patients on CPAP therapy for a mean of 2.2 years.%® In another study with longer follow-up,
LVEF and sleep quality were significantly improved after 3 months of CPAP use in CHF
patients, and the improvement persisted after 12 months.5°

The Canadian Continuous Positive Airway Pressure Trial for Congestive Heart Failure
Patients with Central Sleep Apnea (CANPAP) studied 258 CHF patients with CSA with
nocturnal CPAP for 2 years (n = 128) against a control group without CPAP (n = 130).68
The CPAP group had the expected decrease in AHI, but improvements were also seen in
UNE levels, mean nocturnal oxygen saturation, LVEF, and 6-minute walk distance
compared with the control group after 3 months. However, these changes did not lead to
differences between the 2 groups in terms of number of hospitalizations, quality of life, or
transplant-free survival (primary outcome). There was actually an early increase in mortality
in the CPAP-treated group, although later survival was better then the control group. A
major finding of this trial is that CSA suppression by CPAP was not adequate (CPAP
reduced the mean AHI to 19 events per hour of sleep, which remained above the trial
inclusion threshold of 15 events/h). In a post hoc analysis, the patients whose CSA was
suppressed below 15 events/h with CPAP treatment experienced a greater increase in LVEF
and did have better transplant-free survival at 3 months compared with control subjects.”®
These results suggested that in CHF patients, CPAP might improve both LVEF and heart
transplant—free survival if CSA is suppressed soon after its initiation. However, the
improvement in apnea may simply be a marker of less severe underlying disease,
emphasizing the need for further randomized trials.

Other technologies exist for treatment of apneas in CHF, although outcome data such as
with CPAP are not yet available. For example, bilevel ventilation has been found to be
equally as effective as CPAP in improving sleep quality, New York Heart Association
functional class, and circulation time in patients with CSA and CHF.” Flow-targeted
dynamic bilevel positive airway pressure (BPAP) was found to reduce AHI to a significantly
lower level than untreated, CPAP, or fixed BPAP groups, and also reduced AHI below
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threshold level of 15 events/h in all CHF patients who had residual CSA after treatment with
CPAP and fixed BPAP.”2 Adaptive servoventilation (ASV) is a new technology that adjusts
the delivered pressure support according to the measured air flow of the patient. Use of ASV
in systolic CHF patients with CSA caused a significant reduction in the AHI?3:74 and UNE
level,” and improved LVEF,”3 quality of life, and cardiopulmonary exercise testing
parameters.”®> ASV suppressed CSA-CSB better than CPAP and nocturnal O, in CHF
patients.”® Several ongoing clinical trials are further investigating the effect of ASV on
various parameters including survival, LVEF, exercise capacity, and quality of life in
patients with CHF and CSA or CPAP-refractory sleep apnea.”’~’® The CANPAP Il study
has recently been funded to test the hypothesis that these newer devices may be useful in
treating SDB in CHF. However, at the present time hard outcome data are generally lacking
for these newer devices. A summary of controlled studies evaluating use of PAP in CHF
patients with CSA is shown in Table 5.

These studies show the importance of keeping a high index of suspicion for SDB in patients
with CHF. PAP devices thus may be used in CHF patients with SDB who have symptoms of
excessive daytime sleepiness or other comorbidities like hypertension; however, their use to
improve CHF outcome (including survival and LVEF) is not recommended at present. It is
clear that further research is needed in this area.

Nocturnal Oxygen Therapy

Nocturnal oxygen therapy has been shown to reduce central sleep apnea in CHF. Treatment
with oxygen was found to improve exercise capacity,8%-83 decrease overnight urinary
norepinephrine secretion,8 and decrease muscle sympathetic activity4 in CHF patients with
CSA. In addition, nocturnal oxygen also improved LVEF and quality of life in CHF
patients.82:83

Supplemental CO, Therapy

Adding dead space (as a form of supplemental CO,) using a facemask attached to a cylinder
of adjustable volume improved CSA and sleep quality in CHF patients.8® Several
researchers have investigated either inspiring CO, or adding dead space, but these
approaches are rarely used clinically. Inspired CO, can lead to considerable insomnia, and
was classically used by psychiatrists to induce panic attacks in diagnostic testing. Thus,
these treatment approaches remain theoretical at the present time.

Theophylline

Oral theophylline therapy for 5 days in stable CHF patients (LVEF <45%) improved SDB in
a study, 86 although the mechanism by which theophylline improves CSA in CHF is unclear.
At therapeutic serum concentrations, theophylline competes with adenosine at some of its
receptor sites. In the central nervous system, adenosine is a respiratory depressant, and
theophylline stimulates respiration by antagonizing adenosine. It is therefore conceivable
that an increase in ventilation as a result of treatment with theophylline results in a decreased
number of episodes of central apnea during sleep.8 In addition, theophylline is likely a
potent inotrope in the short term, when the agent is given to methylxanthine-naive hearts.
Because there are no controlled long-term studies, theophylline is not commonly used to
treat CSA, perhaps in part due to its arrhythmogenic potential.

Acetazolamide

Use of acetazolamide orally before bedtime daily for 6 nights resulted in significant
reduction in AHI and improved sleep quality.1® Acetazolamide is a mild diuretic and thus
may decrease pulmonary venous congestion in CHF, which contributes to CSA. In addition,
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acetazolamide induces nonanion gap metabolic acidosis, which stimulates breathing; this
results in reduction in the apneic threshold to PCO5, which decreases the likelihood of
developing central sleep apnea.88

Atrial Overdrive Pacing

Atrial overdrive pacing (AOP) in patients with central or obstructive sleep apnea who had
received permanent atrial-synchronous ventricular pacemakers for symptomatic sinus
bradycardia decreased apneas and hypopneas significantly in a single study.8? However,
another study failed to show any beneficial effect.?0 Atrial overdrive pacing exerted a mild
effect on apnea-hypopnea events in CHF patients with OSA, but the results were less
effective than for CPAP therapy.9!

Left Ventricular Assist Device

Correction of CSA and significant improvement in exercise capacity and symptoms after
implantation of a left ventricular assist device in CHF patients was reported in one study.%2

Cardiac Resynchronization Therapy

Cardiac resynchronization therapy (CRT), which improves cardiac output by coordinating
right and left ventricular contraction, leads to a reduction of CSA and to increased sleep
quality in patients with CHF and SDB.%3 CRT also improved cardiac function and reduced
the AHI in patients with both OSA and CHF.%4 CRT combined with AOP resulted in a
significant but minor additional improvement of CSA compared with CRT alone.® Both
AOP and CRT may reduce SDB by increasing cardiac output, thus decreasing pulmonary
venous congestion. Decrease in pharyngeal wall edema may also decrease OSA in these
patients. The ongoing Impact of Resynchronization Therapy on Sleep Disordered Breathing
in Advanced Congestive Heart Failure (IMPACT) trial is further investigating the effect of
CRT with or without AOP on SDB and sleep quality in patients with CHF and SDB.%

Cardiac Transplantation

Thirteen CHF patients with CSA were studied before and after successful cardiac
transplantation, there was improvement in SDB after 6 months of follow-up, but CSA
persisted in 3 patients and 4 patients acquired OSA after 13 months.%” A similar study
confirmed that 36% of CHF patients who had successful cardiac transplantation developed
OSA, likely due to weight gain and fat deposition secondary to the use of steroids for
immunosuppression. A suggested algorithm for managing SDB in CHF is shown in Fig. 3.

PERIODIC LIMB MOVEMENTS AND CONGESTIVE HEART FAILURE

The prevalence of periodic limb movements (PLMs; defined as a PLM index >5 events/h) in
adult systolic CHF patients was 19% in one study.%8 The proportion of stable CHF patients
with moderately severe PLM (>25/h) was significantly higher (52%) than control subjects
(11%) in another study by Hanly and colleagues.? Proposed hypotheses for the high
prevalence of PLMs in CHF patients are (a) electrolyte and acid-base abnormalities
associated with CHF, and (b) stimulation of a spinal reflex in conjunction with cortical
inhibition during sleep secondary to reduced peripheral blood flow due to CHF.100 The
clinical relevance or prognostic value of these findings is unknown.

SUMMARY

CHF and SDB are common diseases, and they frequently exist together. CHF may
contribute to SDB, and SDB in turn further worsens CHF. CHF patients with SDB have a
worse prognosis and may have increased mortality. Optimum treatment of CHF as per
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guidelines is the first step in the management of SDB in CHF. PAP may improve AHI as
well as LVEF in CHF patients with OSA. Positive pressure ventilation may also improve
LVEF and survival in the subgroup of CHF patients in whom CSA is adequately suppressed.
Newer devices may be more successful than conventional positive pressure ventilation in
suppressing CSA in CHF; however, long-term clinical trials are required to show efficacy of
these novel treatments in improving survival in CHF patients with SDB.
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Fig. 1.

Polysomnogram showing Cheyne-Stokes breathing. There are crescendo-decrescendo
changes in tidal volume that result in central apneas (as shown in the chest and abdominal
respiratory movements in the polysomnogram).
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Fig. 2.

Polysomnogram showing obstructive sleep apnea. There are repetitive episodes of oxygen
desaturation episodes despite ongoing respiratory effort (as shown by thoracic and
abdominal respiratory movements), and arousals. Apnea exists when airflow is less than
20% of baseline for at least 10 seconds in adults. Hypopnea exists when airflow decreases at
least 30% from baseline, there is diminished airflow lasting at least 10 seconds, at least 90%
of the duration of diminished airflow is spent with airflow that is at least 30% less than
baseline, and decreased airflow is accompanied by at least 4%oxyhemoglobin desaturation.
Respiratory effort related arousals (RERAS) exist when there is a sequence of breaths that
lasts at least 10 seconds, is characterized by increasing respiratory effort or flattening of the
nasal pressure waveform, and leads to an arousal from sleep, but does not meet the criteria
of an apnea or hypopnea.
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Fig. 3.

A suggested algorithm for management of sleep-disordered breathing in congestive heart

failure.
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Table 2

Factors associated with SDB in CHF

Central Sleep Apnea

Obstructive Sleep Apnea

Severity of NYHA functional class Obesity

Atrial fibrillation

Habitual snoring

Awake hypocapnia (PaCO, <36 mm Hg)

Nocturnal ventricular arrhythmias

LVEF <20%
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Table 3

Principal mechanisms contributing to SDB in CHF

Central Sleep Apnea

Obstructive Sleep Apnea

Pulmonary vagal afferent receptor stimulationl®  Obesity

Increased central chemoresponsiveness'’ Reduced neural output to upper airway musclesZ
Abnormal cerebrovascular reactivity to Pharyngeal edema?’
PCO,% Upper airway anatomic abnormalities
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