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Apneic Disorders Associated with Heart Failure:
Pathophysiology and Clinical Management
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Abstract: Cardiovascular diseases remain the most common cause
of both morbidity and mortality in the industrialized world. The
frequency of steep-related breathing disorders (SRBD) is signifi-
cantly increased in individuals with cardiovascular diseases such as
heart failure. Given the co-morbidities associated with SRBD coex-
isting with HF, prompt recognition and carly management of SRED
is critical to improving the overall prognosis and quality of life in
heart failure patients with concomitant SRBD.
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ardiovascular discases remain the most common cause of

morbidity and mortality in the industrialized world.!”
Sleep disorders are also highly prevalent, particularly in the
United States, where as many as 40 million Americans are
believed to be affected.® Hence, disorders of sleep and car-
diovascular disease frequently coexist.

Sleep-related breathing disorders (SRBD) describe the
spectrum of diseases ranging from seemingly innocuous find-
ings such as snoring to more serious conditions such as ob-
structive sieep apnea (OSA) and obesity hypoventilation syn-
drome (OHS). SRBD arc by far the most common sleep
disorders encountercd in sleep centers nationwide* The two
major types of SRBD in the general population are OSA and
central sleep apnea (CSA) with the former being the most
common.® Despite the fact that patients with SRBD are com-
mon in the primary care setting, most physicians lack appro-
priate training in the diagnosis and treatment of such pa-
tients.*® Recent studies have demonstrated a strong link

_between SRBD and the pathogenesis of metabolic and car-
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diovascular disorders.” This link with systemic diseases afong
with the relative lack of recognition amongst primary carc
physicians underscores the néed for addressing pertinent clin-
ical aspects of SRBD that would hasten diagnosis, improve
treatments, and minimize long-term sequelae in patients with
SRBD. The urgency of improving understanding of SRBD
amengst first-line clinicians is highlighted by the widespread
systemic implications of these disorders, particularly their
effects on the cardiovascular system (Table 1).

SRBDs occur with markedly inereased frequency in pop-
ulations afflicted with HF when compared to the gencral pop-
ulation, where between 2-9% are affected.®® This predilec-
tion for SRBD is especially relevant in patients with systolic
heart failure.* ="' Recent epidemiological studies have dem-
onstrated prevalence rates of SRBD in 40-70% of ambula-
tory male patients with a New York Heart Classification
(NYHA) of Il and ITL'® In patients with HF, CSA prevalence
1s betwcen 30 to 40% and OSA prevalence is approximately
30%.%"1-1% Furthermore, there exists compelling evidence
that impaired cardiovascular function contributes significantly
to the pathophysiology and progression of SRBD.'®'® This
forms a vicious cycle of functional detefioration through the
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Table 1. Cardiovascular manifestations of steep-
related breathing disorders (SRBD)*>'2

Systemic hypertension

Pulmonary hyperiension

Left ventricutar (LV) hypertrophy

LV systolic and diastolic dysfunction
Congestive heart failure

Arrhythnuas {atrial fibrillation)
Ischemic cardio/cercbrovascular events
Increased piateiet coagulability
Sudden cardiac death

MNocturnal angina

interaction of HF and SRBD. Thus, prompt recognition, ap-
propriate diagnosis, and the carly institution of treatment for
SRBD remain vital aspects of improving the overall progno-
sis and quality of life in heart failure patients with concom-
itant SRBD.'"1® _

The prevalence of heart failure (HF) is on the rise with
roughly 5 million Americans affected, or close to 2% of the
population.'® Current estimates have projceted the prevalence
of heart failure to continue to rise into the 21st century mainly
due to improved medical treatment of ischemic coronary ar-
tery discase and hypertension. Despite major advances in the
medical treatment for heart fatlure, it continucs to represent a
major source of morbidity and mortality for patients as well
as a monumental burden for healthcare institutions nation-
wide.'® The following is a review of SRBD associated with
heart failure with a particular emphasis placed upon recog-
nition and clinical management.

Obstructive Sleep Apnea

The most common form of sleep aprea is OSA, which
describes the condition in which either partial or complete
closure of the upper airway occurs during sicep, leading to
intervals of disrupted breathing lasting greater than 10 sec-
onds.* Common risk factors that predispose to OSA include
obesity, increased neck circumference, nacrowed airways, di-
abetes, and family history.5?®*! OSA primarily occurs as a
result of blockage or obstruction of the airway but may also
arise in the setting of airway collapse.'? In children znd young
adults, inflammation or infection ean lead to enlargement of
airway glands, tonsils, or adenoids and exacerbate airway
blockage and OSA symptoms. Many individuals with OSA
may also cxhibit obstructive hypopueas that are decreases in
ventilation associated with decreased oxygen saturation.*?
The diagnosis of OSA hinges on assessing a patient’s apnea-
hypopnea index (AHI), which records the nuinber of apneas
and hypopneas per hour of slecp. An AHI >5 along with
daily symptoms of OSA are required for the diagnosis.’
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Epidemiclogy of OSA

In the general population, 1 in 5 adults suffers from a
mild variant of OSA (ie, AHI 25) and approximately 1 in 15
Americans suffers from moderate to severe forms of OSA (ie,
AHI =15).%* There appears to be a male predilection for
OSA.> A recent study found that approximately 64% of
individuals from the general population who suffered from
sleep apnea were between the ages of 40 and 69 years old
with 55.3% being of the male gender.”

OSA occurs with increased prevalence in patients with
cardiovascular disease.'>*#*% In fact, OSA affects as many as
30% of patients with hypertension and as many as 50% of
patients with other cardiovascular diseases.***%” A number
of population-based studies have illustrated increased preva-
lence of diabetes, stroke, hypertension, and HF in patients
with OSA.2*25-3% Furthermore, a recent prospect study re-
vealed that the presence of OSA increases the risk of incident
hypertension.??

Clintcal Features of OSA

Individuals with OSA typically complain of restlessness,
loud snoring, recurrent awakenings associated with shortness
of breath, moming headache, and hypersomnia. Patients di-
agnosed with OSA are typically overwcight with increased
neck cireumference.! In fact, increased neck circumference
has been linked to increased severity of apnea.’*” Despite
conventional belicfs, only a minority of OSA patients com-
plain of excessive daytime somnolence, suggesting that many
patients have asymptomatic OSA.>* Other nonspecific symp-
toms that may be present on evaluation include morning
headaches, memory problems, decreased libido, urinary
frequency, nocturia, irritability, anxiety, depression, and
mood changes.>%3¢ '

Pathophysielogy of OSA In Heart Failure

Collapse or obstruction of the airway can bring about
obstructive sleep apnea®’=* OSA sets off dynamic changes
in the circulatory, chemical, inflammatory, mechanical and
neural mechanisms in the body.® These changes initiate hyp-
oxia which ultimately leads to increases in afterload. The
hypoxia-induced afterioad resulis in increased occurrence of
sleep arousals and commensurate sympathetic nervous activ-
ity Increased sympathetic nervous activity will lead to a
higher heart rate and increased myocardial oxygen demand in
a setting of hypoxia.>® In the Sleep Heart Health Study, OSA
conferred a 2.38 relative increase in the likelihood of having
HF, independent of other known risk factors.” The mortality
of patients with CHF and untreated OSA is nearly twofold
greater than that of patients with CHF alone.'

Diagnosis of OSA

The Epworth Sleepiness Scale (ESS) is a questionnaire
often used to evaluate daytime sleepiness in individuals sus-

45



Khan et al « Apneic Disorders Associated with Heart Failure

Table 2. The Epworth sieepiness scale''”

Chance of dozing or

Situation sleeping

Sitting and reading —
Watching TV —
Being a passenger in a vehicle (=1 h) —
Lving down during the day —
Sitting and falking t someone —
Sitting quietly afier a noon meal —
Stopping in traffic {for 14 min} —-
Total Epworth score —

“The following scores are used to deiermine the risk of sleeping disordess in
at-risk patienis. A total of 738 is within normal range while patients with
scores af 9 and above should be thoroughly evaluated by a sieep specialist.

0, never doze or sicep.

1, slight chance of dozing or sleeping.

2, moderate chance gf dozing or sleeping.
3. kigh chance of dozing or slegping.

pected of sleep apnea. The Epworth scale can be a helpful
tool in diagnosing sleep apnea. Individuals scoring 10 or
more on the ESS should be encouraged to see a sleep spe-
ciatist® (Table 2). Overnight diagnostic polysomnogram
{PS(3) is the gold standard procedure for arriving at an accu-
rate diagnosis in patients suspected of QSA .78

Treatment ¢f OSA

The simplest form of recommended treatment ts weight
loss, particularly if the paticnf is obese. Notwithstanding, ex-
ercise and dict regimens should be monitored by the treating
physician to ensure appropriate compiiance and reduce inju-
ries.?® Other lifestyle modifications recommended for OSA
patients include abstinence from alechol and sedatives as these
two groups of agents can predispose to pharyngeal collapse
during slesp.*!

Continuous positive airway pressure, (CPAP) has been
traditionally uscd to treat obstructive slecp apnea.®® CPAP is
a device designed to deliver compressed, pressurized air into
the airway in order to maintain its patency during sleep. By
maintaining nocturnal airway patency, the immersion of pres-
surized air from the CPAP enables breathing during sleep and
thus, reduces ot eliminates nocturnal apneas and hypopneas.
CPAP has been shown to reduce the blood pressure, over-
night nor epinephrine excretion, Ieft ventricular systolic fune-
tion and quality of life in paticnts with CHF and OSA.*? In
fact, recent studies suggest thal therapy with CPAP signifi-
cantly reduces the risk of death and hospitalization among
patients with HF and OSA.#

Surgical intervention may be warranted in cases of OSA
where the airway obstruction is eaused by the soft palatc,
uvula, or the adenoids and tonsils.** Uvulopalatopharyngo-
ptasty (UPPP), which involves surgical resection of most soft
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tissues at the back of the throaf. may be indicated for some
individuals with OSA. The UPPP procedure improves symp-
toms of OSA by increasing the width of the airway and im-
proving the movement of the soft palate during breathing.**

Central Sleep Apnea (CSA)

CSA describes the condition characterized by repetitive
interruptions of breathing that occur from a loss of central
ventilator drive.*** Unlike OSA in which the patient at-
tempts to breath but is unable to, in CSA no respiratory cffort
occurs because the brain fails to transmit appropnatc signals
to the muscles that control breathing.***¢

CSA may arise in the setting of cardlovascula.r disease or
oeurological conditions such as Shy-Drager syndrome or
stroke.®*” Given the fact that breathing is controlled by the
brain stem, CSA can also be observed in individuals with brain
stemn lestons or any disease injury affecting the lower brain stem.
Neurodegenerative conditions, poliomyelitis, encephalitis, and
other infectious discases affecting the brain stem may cause
CSA during sleep, even in patients who exhibit no abnormalitics
in breathing during wakefulness.®*® Signs and symptoms of
central sleep apnea include difficuity staying asleep, abrupt
awakenings accompanied by shortness of breath.*

Epidemiology of CSA

Although not as prevalent as OSA, CSA also affects
males more commonly than females.?® Further, CSA can be
equally detrimental to an individual’s health and may impair
quality of life in affected individuals.®® Whereas OSA has a
higher prevalence in patients with hypertension and other
cardiovascular discases, CSA occurs mainly in patients with
HF.324253% The threc largest studies involving 450, 81, and
203 HF patients reported prevalences of CSA in 33%, 40%,
and 28%, respectively.®' 2 In all cases, CSA remained an
independent risk factor for death or cardiac transplantation.
This pathological relationship may be atiributed to marked
neurohumoral activation, surges in blood pressure and heart
ratc and a greater propensity to lethal arthythmias induced by
CSA 71848

Clinical Features of CSA

CSA presents differently from OSA. Patients with CSA
typically complain of frequent nocturnal arousals character-
ized by shortness of breath, insomnia, and daytime sleepi-
ness.***® Cheyne-Stokes respiration, or the creseendo-decre-
scendo pattem of breathing, is a form of pertodic breathing in
which central apnea or hypopneas alternate with periods of
hyperventilation,***® which typically occurs in patients with
CSA.“® Although used interchangeably, the American Acad-
enty of Sleep recommends differentiating pure central sleep
apnea fiom the CSA subset that is associated with Cheyne-
Stokes respiration (CSR).?' Typically, breathing in CSR con-
sists of alternating cycles of normal breathing that involve

@ 2010 Southern Medical Association



stowed breathing which gives way to breath-holding which is
ultimately followed by a recovery period of accelerated
breathing.® Patients with CSR typically have longer recovery
periods which reflect the long circulation time associated with
systolic heart failure.® The presence of these characteristics
can facilitate differentiation of CSR from other periodic
breathing with central sleep apnca conditions. This is partic-
ularly relevant with idiopathic forms of CSA in which the
recovery period is abrupt and short rather that smooth and
prolonged.*®

Unlike the typical individual profile who is overweight
and has increased neck girth (often greater than 16 inches in
circumference)’' in OSA, individeals with CSA tend to be of
thin physical stature.’' Furthermore, despite experiencing
fragmented sleep due to recurtent arousals, patients with CSA
typically do not snore heavily nor do they complain of ex-
cessive daytime somnolence.*® These clinical manifestations
demonstrate why individuals with CSA may elude diagnosis
particularly with clinicians who depend upon the Epworth
Sleepiness Scale, a diagnostic questionnaire that relies heavily
on assessing a patient’s likelihood of daytime sleepiness.”>"?
Patients who woke up during the peak of veniilation after
apnea may complain of paroxysmal nocturnal dyspnea which
again can be casily attributed to HF rather than SRBD. More-
over, the symptoms resulting from CSA usually overlap with
the classic heart failure symptoms, such as orthopnea, noc-
tumnal dyspnea, cough, neurocognitive probiems, nocturia,
waking up unrested, sleep fragmentation and fatigue.*® Thus
in beart failure paticnts, CSA retnains occult.'”

Pathophysiology of CSA in Relation te Heart
Failure

CSA is characterized by a lack of central drive to breathe
during sleep.®® The previously described periods of insuffi-
cient ventilation that occur during CSA cpisodes result in
comprormised gas exchange and chronic hypoxemia, both con-
ditions which adversely affect cardiovascular Function,?**
These consequences of CSA are most detrimental in patients
with pre-cxisting left ventricular (LV) systolic and diastolic
dysfunction and coronary artery disease (CAD).** The left
venfricular filling pressures are increased in HF, which po-
tentiates the sympathetic effect on central and peripheral che-
moreceptors.*® This results in pulmonary congestion that ac-
tivates the J receptors (vagal irritant receptors), ultimately
stimulating hyperventilation and hypocapnia.*® In such a set-
ting, central apnea arises from increases in ventilation and
due to the fact that PaCO, is driven below the threshold for
ventilation.*® Apnea persists until PaCO, rises above the
threshold which requires stimutating ventilation.™ Inciden-
tally, CSA will elicit chemical, neural, and hemodynamic
oscillations similar to those observed in OSA. Other possible
causes of CSA that should be ruled out in patients with the
disease profile are included in Table 3.
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Table 3. Possible causes of CSA*S*

Encephalitis

Complications of surgery cervica) spine

Complications of radiation therapy on the cervical spine
Poliomyelitis

Stroke

CSA, central slesp apnea.

Diagnosis of CSA

A high index of suspicion is required to adequately rec-
ognize CSA in heart failure patients as the clinical picture
may not be entirely clear. Standard overnight polysomnogra-
phy (PSG) remains the diagnostic modality of choice. PSG
can differentiate different forms of SRBD and is also helpful
in gauging the severity by measuring apnea-hypopnea index.
PSG should be considered if a number of factors are present
in the heart failure patients (Table 4).

Treatment of CSA

Given the intimate association between CSA and HF, the
presence of HF should alert the astute physician to optimize
the pharmacological treatment in 4 manner that appropriately
addresses the underlying clinical findings.”” The currently
recommended treatment paradigm should include some com-
bination of inhibition of renin-angiotensin system, beta block-
ade, digoxin, and {luid management with diurctics.® Recent
studies have demonstrated that HF patients who are on beta-
blocking agents have a lower prevalence and severity of CSR
than those who do not.”S

If CSA still persists following pharmaceutical interven-
tion, a varlety of therapeutic options are available. CPAP hag
shown promising results in treating central apnea from sys-
tolic heart failure.’” Recent findings demonstrate that in heart
failure patients with CSA, CPAP improves both left ventric-
ular ejection fraction and heart transplant-free survival, par-

Table 4. Risk factors for Cheyne-Stokes respirations
in heart failure patients**~*

Male sex

Age greater than 60 yr

Presence of atrial fibrillation

Ventricular tachyeardia

Low left ventricular ejection fraction (<40%)
Hypocapnia (awake PaCo2 of 38 mm Hg or less)
Excess premature ventricular beats and couplets

Refractory CHF with standard medical management

CHF, congestive heart failure; HF, heart failure; CSR, Cheyne-Siokes res-
pirations.

“Ohesity is mot « risk factor. Female patients with HF rarely develop CSR
whicl may explain beiter prognosis as compared with their male counier-
parts.
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ticularly if CPAP is applied early in the disease course.”®

There are several positive studies showing its benefit on left
ventricular ejection fraction as well as in decreasing urinary
epinephrine secretions, increasing 6-minute walk distance,
and reducing cardiac sympathetic activity.*® The largest ran-
domized controlied trial studying the use of CPAP in patients
with CSA (CANPAP) failed to demonstrate the benefit of
CPAP on the transplantation-free survival.®® A major limita-
tion of the CANPAP study was the failure to reduce AHI
ievels below 15, which was the inclusion criteria.®! Later
studies revealed that early suppression of CSA by reducing
AHI below 15 can significantly improve both LVEF and
transplant-free survival.*3¢' Despite its benefits, many pa-
tients find it difficult to get used to the CPAP and its cum-
bersome attachments and straps needed to fit it over the face
sceurely.®

Pressure support ventilation like bilevel positive airway
pressure (BiPAP) or adaptive scrvoventilation (ASV) treat-
ment should be offered to the patients who are refractory,
noncompliant, or unable to tolerate CPAP.%' While CPAP
opcrates at the same pressure level during expiration and
inspiration, pressure support ventilation acts at lower pressure
during expiration and higher pressurc to actively support in-
spiration.’"* Adaptive servoventilation represents a ncwer
form of noninvasive pressure support treatment that has shown
excellent results in open label studies.®* Although ASV offers
great promise for the future treatment of CSA patients, the
absence of long-term placebo controlled toals has limited its
use amongst clinicians.®-%¢

A number of pharmaceutical treatment options for CSA
with questionable efficacy are also available, such as:

Acetazolamide

Acetazolamide 1s a carbonic anhydrase inhibitor which
causes 2 mild metabolic acidosis. This, in turn, stimulates the
chemoreceptors in the carotid bodics and central chemore-
ceptors, thus acting as a respiratory stimulant.%” It has been
successfully used in the treatment of idiopathic central sleep
apnea and periodic breathing at higher altitude.®® However,
acetazolamide cannot be recommended for therapy of CSA. in
HF patients because its long-term safety and effectiveness in
such patients remains to be demonstrated.®> %

Theophylline

Theophylline is a phosphodicsterase inhibitor, but its
competitive nature with adenosine is what drves increased
ventilation. Studies have shown the efficacy,” but potential
arthythmogenic effects and phosphodicsterase inhibition are
major concems for their long-term use,®®

Oxygen

Nocturnal oxygen supplementation (NOS) with a flow of
2-3 liters per minute have been shown in multiple studies to
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improve the quality of sieep, sleep-related breathing events
and desaturation.’™* NOS also decreases the sympathetic
activity and urinary norepinephrine excretion.*® Prospective,
randomized, placebo-controlled, long-term studies are re-
quired to determine whether this form of treatment has the

~ potential to impact on the morbidity and mortality of patients

with HF.%

Conclusion

Cardievascular diseases remain the most common cause
of both morbidity and mortality in the industrialized world.
Sleep-related breathing disorders are also common and ocour
with markedly increased frequency in populations afflicted
with cardiovascular disease, particularly HF. Given the co-
morbidities associated with SRBD coexisting with HF,
prompt recognition, appropriate diagnosis, and the early in-
stitution of treatment for SRBD remain vital aspects of im-
proving the overall prognosis and quality of life in heart
failure patients with concomitant SRBD.
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