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Abstract
Central sleep apnea (CSA) is characterized by a lack of drive to breathe during sleep, resulting in
repetitive periods of insufficient ventilation and compromised gas exchange. These nighttime
breathing disturbances can lead to important comorbidity and increased risk of adverse
cardiovascular outcomes. There are several manifestations of CSA, including high altitude-induced
periodic breathing, idiopathic CSA, narcotic-induced central apnea, obesity hypoventilation
syndrome, and Cheyne-Stokes breathing. While unstable ventilatory control during sleep is the
hallmark of CSA, the pathophysiology and the prevalence of the various forms of CSA vary greatly.
This brief review summarizes the underlying physiology and modulating components influencing
ventilatory control in CSA, describes the etiology of each of the various forms of CSA, and examines
the key factors that may exacerbate apnea severity. The clinical implications of improved CSA
pathophysiology knowledge and the potential for novel therapeutic treatment approaches are also
discussed.
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Central sleep apnea (CSA) is characterized by a lack of drive to breathe during sleep, resulting
in insufficient or absent ventilation and compromised gas exchange. In contrast to obstructive
sleep apnea (OSA), in which ongoing respiratory efforts are observed, central apnea is defined
by a lack of respiratory effort during cessations of airflow. However, as will be discussed,
considerable overlap exists in the pathogenesis and pathophysiology of obstructive and central
apnea, making this distinction somewhat difficult at times. CSA, like OSA, is associated with
important complications, including frequent nighttime awakenings, excessive daytime
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sleepiness, and increased risk of adverse cardiovascular outcomes.1,2 There are several
manifestations of CSA. These include high altitude-induced periodic breathing, idiopathic
CSA (ICSA), narcotic-induced central apnea, obesity hypoventilation syndrome (OHS), and
Cheyne-Stokes breathing (CSB). While the precise precipitating mechanisms involved in the
various types of CSA may vary considerably, unstable ventilatory drive during sleep is a
principal underlying feature.

The prevalence of CSA varies greatly between the various forms of CSA. Most healthy
individuals will have periodic breathing on high-altitude ascent, provided the magnitude of the
ascent is sufficient to cause substantial alveolar hypoxia.3 Given the global increase in obesity,
the prevalence of OHS is likely on the rise.4 ICSA is relatively uncommon and may constitute
< 5% of patients referred to a sleep clinic.5 Conversely, within certain clinical populations the
presence of CSA may be extremely high. For example, a recent, prospective prevalence
study6 of patients with heart failure and left ventricular ejection fraction < 45% revealed that
37% of patients had CSA. Interestingly, OSA is not uncommon in this population at 12%.6
Indeed, instances whereby central respiratory events lead to obstructive respiratory events in
patients with vulnerable pharyngeal anatomy, and vice versa, are observed in the majority of
sleep apnea patients.7 The overlap between CSA and OSA suggests that common mechanistic
traits are likely involved. Typically, CSA is considered to be the primary diagnosis when ≥
50% of apneas are scored as central in origin (ie, > 10 s cessation of breathing in the absence
of respiratory effort); however, such thresholds are clearly arbitrary.

Chemical Control of Breathing
Chemoreceptor inputs (medullary neurons responding to CO2 via shifts in H+ concentration
and peripherally at the carotid body via PaO2 and PaCO2) play a key role in modulating
ventilation. The ventilatory output to a given change in PaO2 or PaCO2 (“chemosensitivity”) can
vary greatly between individuals and with disease status. Highly sensitive chemoresponses can
place an individual at risk for unstable breathing patterns because these individuals
“overrespond” to small changes in chemical stimuli. The inherent delays in the negative
feedback loop controlling ventilation also contribute to the risk for developing instability. For
example, for a given increase in PaCO2, an individual with high chemosensitivity will respond
by increasing ventilation to a greater extent than someone with low chemosensitivity. This
increased ventilation will continue until the resultant reduction in PaCO2 (caused by the
response) is detected at the chemoreceptors. Thus, individuals with high chemoresponsiveness
will hyperventilate markedly to a perturbation potentially, lowering PaCO2 below the eupnic
level and leading to hypoventilation and potential apnea. Similarly, an individual with a long
delay in the loop, such as individuals with reduced cardiac output, may have more prolonged
hyperventilation, also leading to greater hyperventilation and a subsequent unstable breathing.
The details of the control of the respiratory system feedback loop, otherwise known as loop
gain, are described in detail elsewhere.8–10 Just as high chemosensitivity can be destabilizing
to the respiratory system, severely blunted chemosensitivity can also be deleterious to
cardiorespiratory homeostasis because extremely severe blood gas disturbances occur before
a response is mounted.

Other Important Components that Regulate Breathing
In addition to chemical control, there are several other important homeostatic feedback
mechanisms that regulate ventilation to maintain gas exchange within tightly controlled limits.
Afferent information from Golgi tendon organs and muscle spindles from the chest wall and
respiratory muscles also play an important role in regulating the rate and depth of breathing.
During wakefulness nonrespiratory behavioral influences are also capable of modulating
ventilatory activity. Examples include strong emotional expressions involving limbic forebrain
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structures and performing secondary tasks such as speech and ingestion of food. An
independent background augmentation in respiratory drive known as the wakefulness drive to
breathe is also present.11

State-Related Changes in the Control of Breathing
Transition to Sleep

The transition from wakefulness to sleep is an inherently unstable period in terms of
cardiorespiratory control.12,13 With sleep onset, there is a loss of the wakefulness stimulus
and behavioral influences.14 In addition, several respiratory control mechanisms are down
regulated at sleep onset. Upper airway (UA) dilator and respiratory pump muscle tone is
reduced, and there is an accompanying increase in UA resistance leading to a reduction in
ventilation for a given level of drive.15,16 Chemosensitivity is also likely reduced at sleep
onset.17 Al-though of variable magnitude and rate, these normal physiologic responses occur
in all individuals. Should the withdrawal of the wakefulness drive be rapid at sleep onset, this
in itself may be sufficient to promote hypopnea/apnea due to the delay required to elicit an
appropriate compensatory response from the chemoreceptors.18 Thus, the dysrhythmic
breathing characteristics observed even in healthy individuals at sleep onset likely relates to a
combination of state instability and the associated changes in chemoreceptor sensitivity.19

Apnea Threshold
While behavioral influences and neurocompensatory responses strongly appose apnea even in
the presence of marked decreases in PaCO2 during wake-fulness, this is not the case during sleep.
Indeed, during sleep all individuals are susceptible to breathing cessation should the PaCO2 fall
below a critical threshold known as the apnea threshold. The apnea threshold is usually 2 to 6
mm Hg below the eucapnic sleeping PaCO2 level. This typically equates to the wakefulness
eucapnic PaCO2 level or marginally lower20,21 (see Dempsey22 for details).

Stable Sleep Changes
In addition to the changes that occur at sleep onset, ventilatory responses to hypoxia and hyper-
capnia and respiratory load compensation are reduced across sleep stages, particularly during
rapid eye movement (REM) sleep.23–25 The resultant reduction in ventilation with progressive
sleep is coupled with a gradual rise in PaCO2 on the order of approximately 3 to 8 mm Hg,26
depending on the prevailing metabolic conditions. Provided stable sleep is achieved, a new
sleep-specific CO2 set point is established. Thus, during sleep, chemoreceptor and respiratory
reflex feedback become critical components that regulate ventilation, albeit at a reduced
homeostatic level compared to wakefulness.

Transition to Wake
Arousal from sleep is an integrated physiologic process that can serve as an important protective
response. For example, during periods of compromised ventilation, arousal may be an
important mechanism for restoring gas exchange when other compensatory mechanisms fail.
However, arousal from sleep can also be deleterious to respiratory control stability. The
propensity to develop central apnea is likely influenced by two important components of
arousal sensitivity: arousal threshold and the ventilatory response to arousal.

Arousal Threshold
Regardless of the underlying cause of arousal from sleep (ie, spontaneous arousal, periodic leg
movements, respiratory load induced arousal), an individual with a low arousal threshold (ie,
susceptible to waking up easily) will be vulnerable to sleep state instability. That is, the
combination of a predisposition to sleep transition apnea and a low arousal threshold may be
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sufficient to facilitate a repetitive CSA cycle as the individual oscillates between wake-fulness
and sleep. The arousal threshold does, however, increase with progressively deeper sleep stage,
27 as does breathing stability provided slow wave sleep can be achieved. However, it remains
controversial whether slow wave sleep is intrinsically more stable from a respiratory
standpoint, or if stable breathing allows sleep to deepen.

Ventilatory Response to Arousal
The rapid switch from sleep to wakefulness that occurs with arousal causes a sudden shift in
the underlying homeostatic control of the cardiorespiratory system. The eucapnic set point
rapidly shifts from the sleep set point (approximately 45 mm Hg) to the wakefulness level
(approximately 40 mm Hg) creating a state of relative hypercapnia. In addition, sleep-induced
UA resistance is removed and the wakefulness drive is reintroduced. Accordingly, a ventilatory
response is evoked, the magnitude of which is determined by the extent of the shift between
the various state-related physiologic changes. In addition, there is evidence to suggest there
may be an additional waking reflex that further augments this response.28,29 The brisk
ventilatory response causes a rapid reduction in PaCO2, such that central apnea may ensue during
subsequent sleep if the hypocapnia is sufficient to cross the apnea threshold30 (Fig 1).

Manifestations of CSA
CSA syndromes can be broadly classified into two groups according to the wakefulness CO2
levels (hypercapnic vs nonhypercapnic), although the prevailing abnormalities in these two
groups can be quite disparate.31 These underlying physiologic differences contribute to the
varying CSA etiologies.

Hypercapnic CSA
By definition, patients with impaired ventilatory output during wakefulness will have some
degree of daytime hypercapnia. Undoubtedly with the removal of the wakefulness drive and
other behavioral influences, hypercapnia will worsen during sleep. Hence, the term sleep
hypoventilation is often used to highlight an underlying condition of hypercapnia that worsens
with sleep. From a physiologic perspective, patients with hypercapnia can be broadly classified
into abnormal central pattern generator output (“won’t breathe”) or impairment of respiratory
motor output caudal to the respiratory pattern generator (“can’t breathe”).

Impaired Central Drive (“Won’t Breathe”)—Tumors or trauma-induced lesions to
brainstem structures may directly diminish ventilatory output, which on removal of
wakefulness/behavioral drive is subject to further decline during sleep resulting in CSA. One
form of hypercapnic CSA is congenital central hypoventilation syndrome (CCHS, formerly
known as the Ondine curse), which is likely genetic in etiology without clear anatomic
pathology. This rare condition is characterized by marked alveolar hypoventilation during sleep
often resulting in severe hyper-capnia and hypoxemia.32 Further complications associated with
this condition may include secondary polycythemia, pulmonary hypertension, and cor
pulmonale. The breathing pattern during sleep is characterized by near-normal respiratory rate
with diminished tidal volume.33 Unlike OSA, ventilation in CCHS tends to be more stable
during REM compared to non-REM sleep,34 presumably due to the presence of additional
respiratory stimulation during REM. Ventilatory responses and sensations of dyspnea to
hypercapnia and hypoxia are often absent or greatly diminished in children with CCHS.32
While most cases of CCHS present in the newborn period, a recent report35 has revealed mild
cases can present in adulthood.

The respiratory depressant effects of acute use of opioid-based medications are well
known36,37 but have long been believed to subside with longer-term usage.38 However,
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evidence39,40 suggests that long-term use may lead to an increased propensity for CSA in up
to 50% of patients. Because of the high prevalence of chronic pain and narcotic use,41,42
opioid-induced sleep-disordered breathing (SDB) is likely a major issue although only
beginning to be recognized. Reported features of opioid-induced CSA may include prolonged
periods of hypoventilation with marked hypoxemia and repetitive central apneas (Fig 2, top,
A). However, again SDB tends to improve during REM sleep.39 While the precise underlying
mechanisms are not clear, opioid-induced impairment of the hypercapnic and hypoxic
ventilatory responses likely contribute,43 effects that are thought to be dose dependent (Fig 2,
bottom, B). However, the consequences of more long-term opioid medication use on the
hypoxic ventilatory response and the development of SDB are less clear.44 There is also an
emerging literature that disruption of sleep can worsen physical pain, leading to the intriguing
hypothesis that narcotic-induced central apnea may worsen narcotic requirements.

Another form of hypercapnic CSA is OHS,45 the prevalence of which is likely on the rise.4
This disorder is typically defined as a combination of obesity (body mass index > 30 kg/m2)
and arterial hypercapnia (PaCO2 >45 mm Hg) during wakefulness not explained by other known
causes of hypoventilation.46 Hypoventilation worsens during non-REM sleep and further
during REM sleep, resulting in marked hypercapnia with accompanying hypoxemia. Typical
symptoms may be similar to patients with OSA, including morning headaches and daytime
hypersomnolence.47 Indeed, some patients with OHS also have OSA, suggesting there is
mechanistic overlap between these obesity-related forms of SDB. The underlying mechanisms
and the reasons why some obese patients have OHS but not others remains a major unresolved
issue within the field. The inability of some patients to compensate for their obesity-related
impairment in respiratory mechanics may be related to differences in the anatomic distribution
of fat combined with ventilatory control deficits such as blunted chemosensitivity.45,48,49
Studies50–52 raise the possibility that the hormone leptin, secreted by adipocytes, may also
be important in obesity-related hypoventilation in some patients.

Impaired Respiratory Motor Control (“Can’t Breathe”)—Hypercapnic patients with
primarily intact central respiratory output from pattern generator neurons who have CSA may
have abnormalities from upper motor neurons right down the neuromotor axis to the respiratory
muscles. This encompasses a wide range of neuromuscular disorders, including myasthenia
gravis (neuromuscular junction), amyotrophic lateral sclerosis (motor neuron disease), post-
polio syndrome, and myopathies (eg, acid maltase deficiency). Chest wall syndromes such as
kyphoscoliosis can also be associated with hypoventilation and CSA. The etiology and severity
of CSA in these types of patient populations varies according to the extent and nature of the
underlying abnormality.5

Nonhypercapnic CSA
The factors underlying central apnea in patients who are eucapnic or hypocapnic can be quite
different from patients with hypercapnic CSA.

CSB—CSB is characterized by a waxing and waning pattern of ventilation (Fig 3). This
disorder is most commonly observed in patients with congestive heart failure (CHF) and left
ventricular systolic dysfunction. Apneas or hypopneas occur at the nadir of the characteristic
crescendo/decrescendo ventilatory pattern and are most common during lighter sleep (stages
1 and 2). The cycle time of this pattern of unstable ventilation (typically 60 to 90 s) is much
longer than other forms of CSA, due to prolonged circulation time in patients with CHF.
Arousal typically occurs mid-cycle at the peak of ventilatory effort rather than at the cessation
of apnea.53 Recent data54 suggest that SDB is more severe in the supine vs lateral position in
patients with CSB, independent of postural effects on the UA. Characteristic symptoms may
include fragmented sleep, paroxysmal nocturnal dyspnea, orthopnea, and daytime fatigue.55
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Multiple features likely contribute to the development of the distinctive CSB pattern. These
include factors that promote unstable breathing such as high ventilatory drive,55,56 minimal
difference between the apnea threshold and sleeping eucapnic PaCO2

,57 long circulation time
resulting in a mismatch between arterial blood gas concentration with the respiratory
controllers,18,58 and impaired cere- brovascular reactivity to CO2.59 Animal data60 suggest
that pulmonary congestion activates afferent C fibers (J receptors) causing sensory information
to relay to the respiratory control centers to elicit a strong inhibitory reflex resulting in apnea
followed by a period of hyperventilation that is likely to further destabilize breathing. A strong
relationship between pulmonary capillary wedge pressure, hypocapnia, and CSA severity
exists in patients with CHF,61 suggesting that similar reflex mechanisms may exist in humans.

ICSA—While there is clearly mechanistic overlap between ICSA and CSB, patients who have
central apneas during sleep that do not display the typical CSB pattern or sleep transition apnea
with normocapnia or hypocapnia during wakefulness fall into the category of ICSA. Central
apneas in ICSA may occur as distinct features or in a repetitive cyclical manner (Fig 4). The
duration of the cycle time (typically 20 to 40 s) is much less than CSB, and desaturations
associated with events tend to be less severe. Similar to CSB, apneas are most commonly
observed during stages 1 and 2 in ICSA. However, arousals typically occur at the termination
of central apnea. Insomnia or hypersomnolence are common presenting symptoms. Typically,
these patients are thinner and snore less than patents with OSA, although male predominance
is likely a common trait.62 As the name implies, the underlying mechanisms for this disorder
are not fully understood. Elevated hypercapnic ventilatory responses56,63,64 leading to
hypocapnia and respiratory control instability are believed to be particularly important. Arousal
and the accompanying hyperventilation, which due to the brief reintroduction of the waking
stimulus and altered chemo-sensitivity, likely play an important role in triggering hypocapnia
in patients with ICSA, resulting in further destabilization of breathing.30 These destabilizing
factors render the patient vulnerable to crossing the apnea threshold, which may be very close
to thesleeping eucapnic PaCO2, particularly in patients with daytime hypocapnia. An inherently
long transition duration between wakefulness and stable sleep, leading to greater exposure for
state related breathing instability and high efficiency of CO2 excretion, may also be a causative
factor.

According to the Chicago criteria,65 the term periodic breathing is generally reserved for
altitude-induced breathing instability. Nonetheless, this form of unstable breathing likely
shares common mechanistic elements with other forms of nonhypercapnic CSA, such as
vulnerability to crossing the apnea threshold due to a relative state of hypocapnia and the
propensity for arousal to lead to further ventilatory control instability.66

Physiologic Factors Likely to Influence CSA Severity
Hypoxia

While deviations in chemosensitivity from normality may contribute to the pathophysiology
of the various forms of CSA, there is evidence to suggest that the depressive effects of hypoxia
may further increase disease severity. The different forms of CSA result in varied magnitude
and duration of hypoxia, which are likely important determinants for the possible development
of hypoxia-induced depressive effects. ICSA and CSB are characterized by intermittent
hypoxia during sleep, while OHS is typically characterized by prolonged periods of sustained
hypoxia during sleep. Hypoxia-induced central depression has been proposed to be an
important contributing mechanism to SDB that occurs at altitude.67 Data68,69 suggest that
acute sustained hypoxia impairs respiratory sensory processing and arousal responses to
respiratory stimuli during sleep. These findings raise the possibility that hypoxia may impair
respiratory sensory feedback mechanisms and increase disease severity in conditions
characterized by sustained hypoxia such as sleep hypoventilation syndrome. Animal data70
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demonstrate that the combination of acute hypoxia and pulmonary congestion, which
stimulates afferent C fibers (J receptors) to evoke an inhibitory respiratory reflex, may lead to
prolonged apnea, which may further perpetuate cyclical breathing in patients with CSB.

UA Anatomy
UA dilator muscles such as the genioglossus muscle receive neural input from central pattern
generator neurons. An individual with an anatomically narrow UA is extremely reliant on
neural drive to UA muscles for maintaining an open UA, whereas an anatomically larger UA
is mechanically less reliant on neural drive. Thus, it is not surprising that in the absence of
neural drive (central apnea), depending on the properties of the UA, varying degrees of UA
collapse can ensue.7 Correcting an anatomically narrow UA with continuous positive airway
pressure (CPAP) in a patient with primarily OSA can also lead to apparent treatment emergent
central apnea. Although this phenomenon has been minimally studied,71 CPAP reduces UA
resistance thereby improving the efficiency of CO2 excretion, rendering the hypocapnic patient
vulnerable to crossing the apnea threshold. Activation of stretch reflexes that may inhibit
ventilation secondary to increased lung volume effects of CPAP (especially if overtitrated)
may also contribute.5 While recent data71 have revealed a greater male predominance of
treatment-emergent CSA than OSA or other forms of CSA, the clinical presentation of patients
with treatment-emergent CSA appears similar. Although there are currently no long-term data
available, clinical experience suggests that these treatment emergent central apneas resolve
with ongoing treatment, since CSA is relatively uncommon among patients receiving stable
CPAP.5

Therapeutic Interventions
Given the range of pathophysiologic factors contributing to the varied forms of CSA
(summarized schematically in Fig 5), treatment approaches also vary considerably. Gradual
dose reduction of opioid medication may improve high-dose narcotic-induced CSA (Fig 2,
bottom, B). Weight loss is likely to lead to improvement of SDB in patients with OHS.46 In
practice, both these goals may be difficult to achieve. However, surgical weight loss may be
an effective alternative option for morbidly obese patients with OHS.72 Varied strategies to
manipulate chemosensitivity and respiratory drive offer promise for stabilizing unstable
breathing patterns during sleep for many forms of CSA. However, concerns regarding potential
adverse effects given the current lack of long-term randomized controlled trials warrant caution
when considering such approaches as therapeutic options. Interventions that improve cardiac
status for patients with an underlying heart condition may also attenuate SDB. The current
level of evidence, mechanistic action and potential adverse effects for the main treatment
options for CSA are discussed in the following section and summarized in Tables 1 and 2. For
a comprehensive approach to the management of CCHS, the reader is referred to the American
Thoracic Society guidelines32 and a recent report35 incorporating investigation for the
PHOX2B gene mutation.

O2
Nonhypercapnic CSA patients with heightened chemosensitivity may benefit from the
stabilizing respiratory control effects associated with O2 therapy. Indeed, several short-term
trials have demonstrated that SDB improves with O2 administration in patients with ICSA90
and CSB,90–93 and potentially in certain patients with hypoventilation syndrome.78 Although
minimally studied, there is some evidence to suggest that sleep efficiency parameters may be
more favorable on O2 therapy than CPAP.93 To date, no large-scale long-term trials have been
performed to determine which patients will likely benefit from O2 therapy and its long-term
efficacy. There are some concerns that O2 therapy may have cardiodepressant effects mediated
via O2 radicals.109 While larger trials are required before O2 therapy can be recommended for
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the treatment of CSA in patients with heart failure, evidence suggesting favorable
cardiovascular function is beginning to emerge.110,111

CO2
Several studies have demonstrated that mild increases in inspired CO2, delivered directly or
via the application of increased dead space, can be highly effective in treating CSA. Overnight
trials involving small numbers of subjects have reported marked decreases in the apnea-
hypopnea index (AHI) in patients with ICSA100 and CSB,88 without apparent acute
cardiovascular adverse effects.89 Improvement is likely the result of a widening in the
difference between eucapnic sleeping PCO2 and the apnea threshold. However, other reports
suggest that despite marked improvement in AHI, increased CO2 does not improve sleep
quality112 or reduce the arousal index113 and may lead to marked sympatho-excitation.114
Clearly, larger trials are required to determine the long-term efficacy and safety of increased
CO2 for the treatment of CSA.

Noninvasive Ventilation
While the need to mechanically ventilate patients with severe hypercapnic CSA may be clear
(ie, infants with severe CCHS and end-stage patients), the role of noninvasive ventilation in
less severe forms of CSA is somewhat less clear. Nasal CPAP has been shown to be effective
in some patients with ICSA.98,99 The mechanism for improvement in these patients is not
clear but may relate to prevention of inhibitory reflex mechanisms that arise during airway
closure and potentially CPAP-induced increases in lung volume/O2 stores.115 CPAP treatment
improves hemodynamics and SDB in heart failure patients.116 However, the largest trial83
investigating CPAP in CSA did not reveal improvement in mortality and only partially
improved the AHI. The combination of CPAP and increased CO2 may be highly effective in
treating ICSA117 and mixed central and obstructive SDB.118 However, similar to the effect
of increased inhaled CO2 alone, the lack of long-term trials and the potential for
sympathoexcitation prevent the use of this approach in routine clinical practice at this time.
Bilevel positive airway pressure may be deleterious to certain CSA patients by inducing
hypocapnia119 but effective in others.73,76,120 Indeed, when used with a backup rate, bilevel
positive airway pressure may lead to significant improvements in ventilation during sleep and
a marked reduction in PaCO2 in patients with OHS.77 Other new-generation, adaptive machines
may also be effective in treating central apnea.84,87 Evidence85,86 suggests that such devices
may improve patient adherence that would be predicted to improve symptoms and cardiac
function, although data are currently equivocal.

Strategies To Improve Cardiac Function to Treat SDB
Optimization of medications for patients with an underlying heart condition can lead to
significant improvement in SDB for patients with CSB.61,80–82 Restoration of cardiac
function in patients with more severe disease via heart transplantation may also improve CSA,
although some patients subsequently acquire OSA.121–123 A novel strategy of atrial overdrive
pacing to increase heart rate by 15 beats/min significantly improved SDB in patients with
symptomatic sinus bradycardia with normal or mildly depressed left ventricular function.101
This beneficial effect was attributed to increased cardiac output and decreased pulmonary
congestion (decreased loop gain), although the findings remain controversial. The majority of
patients with SDB have observed no benefit of overdrive pacing.102–107,124
Resynchronization pacemaker therapy has been shown recently to improve CSA and cardiac
function in patients with heart failure in two small studies.94,95
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Respiratory Stimulants
The respiratory stimulants acetazolamide and theophylline have been shown to improve CSA
in patients with heart failure.96,97 Acetazolamide and has also been shown to improve SDB
in ICSA.108 The carbonic anhydrase inhibitor acetazolamide leads to metabolic acidosis that
likely shifts the hypercapnic ventilatory response and lowers the PaCO2 apnea threshold.108,
125 Theophylline likely improves SDB via increasing central respiratory drive and cardiac
contractility. Progesterone increases chemoresponsiveness and may lead to improvement in
daytime gas exchange in patients with OHS.79,126 However, respiratory stimulants cannot be
recommended for routine CSA treatment at this time. Theophylline may increase the risk of
cardiac arrhythmias and sudden death in these patients,127,128 and long-term trials exploring
the efficacy and safety of acetazolamide and progesterone are not yet available.

Summary
In summary, CSA encompasses a wide range of distinct yet interrelated forms of unstable
breathing that can lead to substantial comorbidity and increased risk of adverse cardiovascular
outcomes. The underlying pathophysiology and the prevalence of the various forms of CSA
varies greatly. Given the range of pathophysiologic factors contributing to the varied forms of
CSA, treatment approaches also vary considerably. NIV remains a major treatment approach
for many patients. While short-term studies have highlighted the potential for alternate
treatment options, there is currently a lack of long-term randomized trials, an area of
investigation that clearly needs to be pursued.
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Abbreviations
AHI  

apnea-hypopnea index

CCHS  
congenital central hypoventilation syndrome

CHF  
congestive heart failure

CPAP  
constant positive airway pressure

CSA  
central sleep apnea

CSB  
Cheyne-Stokes breathing

ICSA  
idiopathic central sleep apnea

OHS  
obesity hypoventilation syndrome

OSA  
obstructive sleep apnea
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REM  
rapid eye movement

SDB  
sleep-disordered breathing

UA  
upper airway
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Figure 1.
An example of experimentally induced arousal leading to central apnea. During stable stage 2
sleep, a 55-decibel (db) tone was played to induce an arousal from sleep (shown by solid line
under EEG) in a 33-year-old woman (follicular menstrual phase) with severe OSA who was
receiving CPAP (14 cm H2O). A brisk ventilatory response ensues driving end-tidal PCO2
(PETCO2) from 44 mm Hg during stable sleep (first arrow, note there is an approximate 3-s
sampling delay between ventilation and end-tidal PCO2) to 38 mm Hg by the return to sleep
(second arrow) and was accompanied by an approximate 10-s central apnea as documented by
no change in epiglottic pressure (Pepi). VT = tidal volume. PMASK = pressure at the mask.
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Figure 2.
Top, A: An example of a patient receiving high-dose opioid medication for back pain
experiencing repetitive central apneas as demonstrated by a lack of movement of respiratory
effort bands (both abdominal and thoracic) with associated oxygen desaturations. Bottom, B:
Marked improvement in SDB following gradual dose reduction of opioid medication. SaO2 =
arterial oxygen saturation
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Figure 3.
An example of a patient with CSB. Note the characteristic crescendo/decrescendo pattern of
breathing, long circulation time (each oxygen desaturation corresponds to the previous apnea),
and arousal occurring at the peak of respiratory effort. See Figure 2 legend for expansion of
abbreviation.
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Figure 4.
An example of ICSA. Note the shortened cycle time (approximately 25 s in this example)
compared to CSB and that arousal (arrow) occurs at the cessation of apnea. See Figure 2 legend
for expansion of abbreviation. Adapted from Malhotra et al5 with permission.
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Figure 5.
Schematic of the many potential mechanisms contributing to CSA/hypopnea. The gray boxes
and largest solid arrows represent the key components contributing to unstable breathing and
central apnea/hypopnea during sleep. The smaller solid arrows denote the main factors that
lead to or modulate unstable breathing during sleep. Dashed arrows highlight the potential
interactive links between obstructive and central apnea/hypopnea and for hypercapnia to cause
arousal. Some arrows have been omitted to simplify the Figure. Refer to the text for further
detail.
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Table 1
Summary of Potential Treatment Strategies and Their Effectiveness for Hypercapnic CSA*

Variables Intervention Benefits Limitations Level of Evidence

OHS (won’t breathe) Weight loss Likely ↓ in SDB and other
health-related benefits

Difficult to achieve No published data in
this population

CPAP Variable ↓ in SDB; ↑ QOL Not effective for all patients Several small, short-
term non- RCTs73–75

Bilevel PAP/
bilevel PAP plus
backup mode

Normalizes AHI; ↑QOL;
↑ PaO2; ↓PaCO2

Long-
term effectiveness unknown

Several, small, short-
term non- RCTs73,76

and one small RCT77
O2 May ↓ hypoventilation in

certain patients
Very limited data available Case report78

Progesterone May improve daytime gas
exchange; ↑ hypercapnic
chemoresponsiveness

Effects on AHI unknown in this
population and no long- term
safety data

One small, moderate-
term non- RCT79

Narcotic-induced
CSA (can’t breathe)

Dose reduction Likely ↓ in SDB Difficult to achieve Case report (Fig 2)

Impaired respiratory
motor control

Bilevel PAP Likely ↓ in SDB Limited data available, and
patient tolerance may be poor

Several non-RCTs
(refer to Malhotra et
al5 and Schneerson et
al76 for detail)

*
PAP = positive airway pressure; QOL = quality of life; RCT = randomized control trial; ↑ = increase; ↓ = decrease.
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Table 2
Summary of Potential Treatment Strategies and Their Effectiveness for Nonhypercapnic CSA*

Variables Intervention Benefits Limitations Level of Evidence

CSB/CSA
in heart
failure

Optimization of therapy Likely ↓ in SDB Several, small, non-RCTs61,
80–82

CPAP Approximately 50% ↓ in
AHI

No evidence for ↓
mortality

Several, including one large
study83

Adaptive NIV Approximate 85% ↓ in
AHI; ↑ in LVEF and QOL

Further studies on long-
term hemodynamic
effects required

Several, small, short/
moderate-term RCTs84–86

and one non-RCT87
CO2; ↑ dead space Normalizes AHI No long-term safety

data; may lead to
anxiety/panic/insomnia

Several, small, short-term non-
RCTs88,89

O2 Approximate 50% ↓ in
AHI

Hemodynamic effects
not consistent

Several, small, short-term,
non- RCTs70,91 and RCTs92,
93

CRT Normalizes AHI in some
patients; ↑in LVEF

Not effective for all
patients

Two small, short/moderate-
term non-RCTs94,95

Theophylline Approximate 50% ↓ in
AHI

No change in LVEF; ↑
risk of cardiac events

One small, short-term RCT96

Acetazolamide Approximate 40% ↓ in
AHI; ↓ DTS and fatigue

No long-term safety data One small, short-term RCT97

ICSA CPAP May normalize AHI in
some patients

Very limited data
available

Case report98 and one small,
short- term non-RCT99

CO2; ↑ dead space Normalizes AHI No long-term safety
data; may lead to
anxiety/panic/ insomnia

One small, short-term non-
RCT100

O2 Normalizes AHI Very limited data
available

One small (two ICSA patients)
non-RCT90

Atrial overdrive pacing Approximate 60% ↓ in
AHI in one study (OSA
plus CSA)

Several subsequent
negative studies

Several, small short-term
RCTs101–107

Acetazolamide Approximate 70% ↓ in
AHI; ↓ DTS

No long-term safety data One small, short-term non-
RCT108

*
CRT = cardiac resynchronization therapy; DTS = daytime sleepiness; LVEF = left ventricular ejection fraction; NIV = noninvasive ventilation. See Table

1 for expansion of abbreviation.
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