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This paper focuses on the underlying mechanisms
contributing to sleep-disordered breathing. Ob-
structive sleep apnea (OSA) is the most common
sleep-related breathing disorder and is character-
ized by repetitive narrowing or collapse of the
pharyngeal airway during sleep. Conversely, central
sleep apnea (CSA), highly prevalent in congestive
heart failure, is distinguished by a lack of drive to
breathe during sleep, resulting in repetitive periods
of insufficient ventilation. Both lead to compro-
mised gas exchange, impaired sleep continuity, and
catecholamine surges and are associated with
major comorbidities including excessive daytime
sleepiness and increased risk of cardiovascular
disease. Although OSA and CSA exist on a
spectrum of sleep-disordered breathing, the 2
entities may overlap in their underlying pathophy-
siologies. This brief review summarizes the etiology
and current understanding of OSA and CSA
pathophysiology and the role that the cardio-
vascular system may play in contributing to disease
pathology and highlights the likely substantial
overlap that exists between the various forms of
sleep-disordered breathing.
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Mechanisms of Obstructive
Sleep Apnea

R epetitive cessation of breathing during sleep
has substantial impact on the cardiovascular

system, emphasizing the importance of under-
standing the underlying pathophysiology of these
disorders. Obstructive sleep apnea (OSA) is a
common disorder characterized by repetitive
upper airway collapse during sleep. The airway
obstruction results in either greatly reduced
(hypopnea) or absent (apnea) ventilation, despite
persisting respiratory efforts, such that ventila-
tory requirements are not met. As a result,
hypoxemia and hypercapnia develop, which
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further stimulate respiratory effort. However,
without spontaneous airway opening, the
increased drive is ineffective at increasing venti-
lation. Thus, the apnea/hypopnea typically con-
tinues until the patient arouses from sleep and
terminates the obstruction. After airway reopen-
ing, hyperventilation occurs to reverse the blood
gas disturbances that developed during the
respiratory event. The patient then returns to
sleep, and another obstruction develops (Fig 1).
The repetitive nature of these events result in
significant sleep fragmentation, which, along
with intermittent hypoxia, likely result in exces-
sive daytime sleepiness, fatigue,1 neurocognitive
dysfunction,2 and increased risk for car acci-
dents.3 As shall be reviewed in detail in this
series, OSA has also been implicated in the
development of cardiovascular disease likely via
blood gas abnormalities, autonomic changes, and
oxidative stress among other causes.

Upper Airway Anatomy

A major abnormality in patients with OSA is a
collapsible pharyngeal airway. The degree of
collapsibility of a particular airway can be
measured by calculation of the pharyngeal critical
closing pressure or Pcrit. Pcrit is the airway
pressure, below which, airway collapse occurs and
is therefore usually positive or zero for OSA
patients and negative for healthy people, although
bruary), 2009: pp 313-323 313



Fig 1. Polysomnographic example of OSA from an experimental study in a patient with severe disease (apnea/
hypopnea index = 75 events per hour). Repeated oxygen desaturations occur because of an absence of airflow
(apnea) despite continual breathing efforts (Pepi). Note the associated surges in heart rate that occur with apnea
termination and arousal from stage 1 sleep (gray boxes). Abbreviations: EEG indicates electroencephalogram (C3-
A2); EKG, electrocardiogram; HR, heart rate; Pepi, pressure at the level of the epiglottis (as a measure of respiratory
effort), flow measured via nasal mask and pneumotachograph; SaO2, arterial blood oxygen saturation.
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some overlap between groups exists.4 In most
patients, the increase in airway collapsibility is, at
least in part, due to the cross-sectional area of the
upper airway being smaller in OSA patients than
in control subjects.5-7 Fat deposition around the
airway is 1 possible mechanism whereby obesity
may predispose to apnea and, moreover, how
some of the cardiovascular manifestations of
obesity may be mediated. However, other ana-
tomic factors also likely determine airway collap-
sibility such as airway length, lateral pharyngeal
wall thickness, and tongue volume.8,9
Upper Airway Dilator Muscle Activity

If impaired airway anatomy were the sole explana-
tion for OSA, then patients would have obstruction
during bothwakefulness and sleep, whereas clearly,
OSA only occurs during sleep. This is largely a
result of the high activity of upper airway dilator
muscles during wakefulness.10 There are numerous
airway dilator muscles that stiffen or dilate various
regions of the upper airway, and most of these
dilator muscles have reduced activity during
sleep.11 The largest and most extensively studied
airway dilator muscle is the genioglossus, which
forms the bulk of the tongue. The genioglossus
receives input from sleep/wake centers of the brain,
but unlike many other airway dilator muscles, it
also receives input from the respiratory pattern-
generating neurons, chemoreceptors, and negative
pressure receptors in the airway.12-16 Thus, at
sleep onset, the activity of the genioglossus is
reduced,17-19 but as sleep progresses and airway
resistance and PETCO2 rise, genioglossus activity
returns, often to a level greater than what was
present during wakefulness.18 Therefore, if genio-
glossus activity is higher than wakefulness, why



Fig 2. Schematic demonstrating one of the possible
links between CSA and airway obstruction. In the left-
hand diagram, respiratory pattern generator output to
both the diaphragm and the upper airway dilator
muscles is reduced, resulting in central apnea and
airway closure. In the example on the right, respiratory
pattern generator output to both muscles is increased,
resulting in sufficient ventilation. Note that, in OSA, a
mismatch between the respiratory pattern generator
output to the diaphragm vs the upper airway dilator
muscles may contribute to airway collapse.
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does the upper airway still collapse during sleep?
Collapse likely occurs because the activity of many
other dilator muscles still have greatly reduced
activity during sleep because of their minimal input
from respiratory drive centers and negative pressure
receptors. It is also possible that the airway is more
prone to collapse because other factors have also
changed from wake to sleep such as reduced end-
expiratory lung volume (discussed later) or other
currently underrecognized factors.

Lung Volume

The airway cross-sectional area has long been
recognized to increase from residual volume to
total lung capacity.20-22 However, more recently,
airway collapsibility,23 sleep-disordered breathing
severity,24 and continuous positive airway pres-
sure (CPAP) requirements25 have been shown to
be reduced with experimentally induced increases
in end-expiratory lung volume during sleep. This
information, combined with the observation that
healthy subjects have between a 200- and 400-mL
reduction in lung volume from wakefulness to
sleep,26,27 have led to the notion that lung volume
changes during sleep likely contribute to OSA
pathogenesis. The mechanisms by which increas-
ing lung volume influences the upper airway have
been minimally investigated. However, increased
lung volume may act by both dilating and stiffen-
ing the pharyngeal airway.28 Low lung volume
may also contribute to rapid and marked oxygen
desaturations for any given respiratory perturba-
tion. Further research is clearly required to
investigate the magnitude of sleep-related changes
in lung volume in OSA patients and the magnitude
and effects of such changes.

Ventilatory Control Stability

Early studies of OSA treatment with tracheostomy
reported persistent cyclical oscillations in breathing
with central apnea-hyperpnea during sleep29 and
led to the suggestion that central breathing control
may be abnormal in OSA. These oscillations have
received attention in recent years with OSA patients
being found to have more unstable respiratory
controllers than healthy controls.30-32 The way in
which the central respiratory stability is thought to
influence upper airway stability is by promoting
periods of hypoventilation. During hypoventila-
tion, the activity of both respiratory pump muscles
(diaphragm) and upper airway dilator muscles
(such as genioglossus) has reduced activity (Fig 2).
Therefore, a waxing-waning pattern of central
respiratory drive in an individual with an upper
airway prone to collapse will predispose to apnea/
hypopnea during the hypoventilation because of
upper airway hypotonia. The proportion of patients
in whom respiratory stability contributes to their
OSA is currently unknown but is the focus of
ongoing investigation.33

Arousal from Sleep

Apneas and hypopneas are, in many cases,
terminated with a brief awakening (arousal) from
sleep.34 In some cases, this likely represents the
only way in which the airway can reopen, and in
this situation, arousal is a lifesaving event.
However, when arousal does occur, it enhances
the hyperventilation after termination of the
respiratory event,34,35 and thus, the arousal can
yield hypocapnia and further airway obstruction
on return to sleep. However, cortical arousal does
not always accompany termination of a respiratory
event because, at least some of the time, patients
are able to restore ventilation without arousal.
Thus, if arousal occurs very easily (low respiratory
effort causes arousal), and is associated with a
marked hyperventilatory response, then it may
contribute to apnea pathogenesis. Alternatively, if
arousal occurs as a last resort to open the airway, it
may represent a lifesaving event, at least by
preventing severe hypoxemia.
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Consequences of OSA on the
Cardiovascular System

There are several possible mechanisms by which
OSA may lead to adverse cardiovascular out-
comes. During each obstructive apnea/hypopnea,
intrathoracic pressure can become very negative
(up to −100 cm water), which results in
increased cardiac afterload (via increased left
ventricular transmural pressure and, thus, left
ventricular wall stress/tension), decreased stroke
volume, and increased sympathetic activity.36

Arterial oxygen saturation also falls during
obstructive respiratory events potentially leading
to ischemia-reperfusion type of injury. Upon
arousal from sleep, sympathetic activity, blood
pressure, cardiac output, and heart rate rapidly
increase, resulting in increased oxygen demand
by the heart at a time when arterial oxygen
saturation is lowest (see Fig 1 for example of
increased HR associated with arousal at apnea
termination). In addition to these changes, OSA
patients may have increased platelet activation
and aggregation,37,38 alterations in endothelial
function,39 and increased mediators of inflamma-
tion39,40 that may improve with CPAP treatment.
Thus, there are several physiologically plausible
pathways by which OSA might increase the risk
for cardiovascular disease. The evidence linking
Fig 3. A polysomnographic example of a patient with heart fa
occurs at the peak of the crescendo (highlighted in gray on
(highlighted in gray on the SaO2 tracing) corresponds to th
Abbreviations: EEG indicates electroencephalography; Sa
permission from Eckert et al.49
OSA with cardiovascular disease and its risk
factors will be discussed elsewhere in this series.
Mechanisms of CSA

The term central sleep apnea, defined by cessation
of airflow without respiratory effort, is often used
to describe several distinct yet interrelated condi-
tions. These include high-altitude periodic breath-
ing, drug- or substance-induced CSA, idiopathic
CSA (ICSA), and Cheyne-Stokes breathing (CSB)
(Fig 3).41 Unlike the ongoing respiratory efforts
against a compromised upper airway that occur in
OSA, the various forms of CSA are characterized by
a lack of drive to breathe during sleep. However, as
will be discussed, there is likely considerable
overlap in the pathophysiology between CSA and
OSA, making the distinction between these 2
disorders somewhat difficult. Typically, however,
CSA is considered to be the primary diagnosis
when 50% or greater of apneas are scored as central
(ie, N10 seconds of breathing cessation in the
absence of respiratory effort) on an overnight
polysomnogram. Similar to OSA, CSA can impair
sleep continuity because of frequent nighttime
awakenings contributing to excessive daytime
sleepiness and is associated with increased risk of
adverse cardiovascular outcomes.42,43
ilure experiencing CSB during sleep. Note that arousal
the EEG tracing) and that each oxygen desaturation

e previous apnea due to prolonged circulatory delay.
O2, arterial blood oxygen saturation. Adapted with
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There is a substantial range in the prevalence
between the various forms of CSA. For example,
ICSA is relatively uncommon, comprising less
than 5% of patients referred to a sleep clinic.44

Conversely, within certain clinical populations, for
example, heart failure patients with left ventricular
ejection fraction of less than 45%, the presence of
CSA is reported to be approximately 40%45 and
even higher (~60%) in patients with more severe
heart disease.46 In addition, in some studies, OSA
is as common as CSA in patients with congestive
heart failure (CHF).45 In some cases, OSA is
difficult to distinguish from CSA in CHF, leading
some to combine the entities using the term sleep
disordered breathing.47 The primary focus of the
following section will be to highlight the possible
links between the cardiovascular system and CSA
pathophysiology (ie, ICSA and CSB) and to
describe the etiology and predominant under-
lying mechanisms for these forms of CSA. For
further detail on the pathophysiology of other
forms of CSA and sleep-related hypoventilation/
hypoxia syndromes (ie, obesity and congenital
central hypoventilation syndromes), the reader is
referred to recent reviews on these topics.48,49

Regulation of Breathing During Wakefulness
and Sleep

During wakefulness, there are several inputs that
regulate breathing that are either absent or down-
regulated during sleep. For example, nonrespira-
tory behavioral factors (ie, volitional influences)
and an independent increase in respiratory drive
known as the “wakefulness drive to breathe” are
removed during the transition from wakefulness
to sleep.12 Thus, other inputs such as central (ie,
medullary neurons) and peripheral (ie, carotid
body) chemoreceptors along with feedback from
respiratory muscle afferents become crucially
important in regulating breathing during sleep.
However, even in healthy individuals, the respon-
siveness of the chemoreceptors to hypoxia and
hypercapnia and the ability for stimulation of
respiratory muscle afferents to increase ventilation
is reduced, particularly during rapid eye move-
ment (REM) sleep.50-53

These and other physiological changes that
occur at sleep onset, such as decreased upper
airway muscle tone, result in reduced ventilation
from the waking level.18,54,55 Although these
changes occur in all individuals, if the removal
of the wakefulness drive to breathe results in a
marked rapid reduction in ventilation, this in itself
may be sufficient to promote hypopnea/apnea as a
result of the delay required to elicit an appropriate
compensatory response from the chemorecep-
tors.56 Indeed, dysrhythmic breathing patterns are
common at sleep onset even in healthy indivi-
duals. However, over time, if stable sleep is
achieved, the reduction in ventilation at sleep
onset is coupled with a gradual rise in PaCO2 (~3-
8 mm Hg), and a new sleep-specific carbon
dioxide set point (~45 mm Hg) is established.57

The loss of behavioral influences that strongly
oppose breathing cessation duringwakefulness and
the reliance upon respiratory and chemical control
feedback mechanisms place all individuals at risk
for developing central apnea/hypopnea during
sleep. Specifically, if the PaCO2 falls below a critical
threshold known as the “apnea threshold,” central
respiratory drive ceases. The apnea threshold is
typically approximately 2 to 6 mm Hg below the
sleeping carbon dioxide set point (ie, similar to the
wakefulness eucapnic PaCO2 level or marginally
lower).58-60 The degree of hypocapnia required to
induce apnea seems to be crucially mediated by the
peripheral chemoreceptors.61 As stated previously,
brief arousal from sleep (3-15 seconds) typically
occurs with each sleep-disordered breathing event,
and the ease with which an individual wakes from
sleep (arousal threshold) likely contributes to
apnea pathophysiology. In addition, with arousal,
the sleeping carbon dioxide set point (~45 mmHg)
rapidly shifts to the wakefulness level (~40 mm
Hg), creating a state of relative hypercapnia, and the
wakefulness drive to breathe is reintroduced,
leading to hyperventilation. Upon resumption of
sleep, the arousal-induced ventilatory response
leads to reduced PaCO2 such that central apnea
may ensue, if the hypocapnia is sufficient to cross
the carbon dioxide apnea threshold.62 Thus, in
addition to the difference between the apnea
threshold and the carbon dioxide set point being
an important determinant of central apnea propen-
sity, the change in ventilation that occurs with
arousal is also of key importance.
Cheyne-Stokes Breathing

Cheyne-Stokes breathing is characterized by a
waxing and waning pattern of breathing (Fig 3)
and occurs most frequently in patients with CHF
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and left ventricular systolic dysfunction but may
also occur in patients with stroke or renal
failure.41 Symptoms may include poor sleep
continuity, paroxysmal nocturnal dyspnea, ortho-
pnea, and daytime fatigue.63 The prolonged cir-
culation time in these patients likely contributes
to the longer cycle time associated with CSB
(N45 seconds) as compared with other forms of
CSA.64 During sleep, arousal generally occurs at
the peak of the crescendo pattern.65 After the brief
arousal and hyperventilation phase and as the
individual falls back to sleep, a relative state of
hypocapnia ensues. The reduced chemical drive
and sudden change of state importantly contribute
to the decrescendo/apnea phase, which most
commonly occurs during lighter sleep (stages 1
and 2). However, although far less common than ?
during sleep, in severe cases, the CSB pattern can
emerge during wakefulness that is associated with
poor survival prognosis.46

Unlike other forms of CSA that may have
impaired ventilatory output and hypercapnia
during wakefulness (ie, obesity and congenital
central hypoventilation syndromes), patients with
heart failure and CSB are typically normocapnic
or hypocapnic during wakefulness. Indeed, these
patients have high ventilatory drive that likely
contributes to CSB pathophysiology.63,66 Further,
there is minimal difference between the wakeful-
ness and sleeping carbon dioxide set points in the
absence of a concurrent shift of the apnea
threshold, making these patients at greater risk
for developing central apnea during sleep.67

Other factors such as prolonged circulation time
resulting in a mismatch between arterial blood
gas concentration with the respiratory control-
lers56,64 and impaired cerebrovascular reactivity
to carbon dioxide68 may also contribute. In
support of the role of the cardiovascular system
contributing to CSB pathophysiology, β-blocker
therapy seems to dose-dependently decrease CSA
in patients with chronic heart failure at least in
some studies.69 In animals, pulmonary conges-
tion activates afferent C fibers that can evoke a
strong inhibitory reflex causing apnea, followed
by a period of hyperventilation that is likely to
further destabilize breathing.70 In patients with
heart failure, there is a strong relationship
between pulmonary capillary wedge pressure,
hypocapnia, and CSA severity,71 suggesting that
similar mechanisms exist in humans.
Idiopathic CSA

Patients who are normocapnic or hypocapnic
during wakefulness and who have central apneas
during sleep without the typical CSB pattern fall
into the category of ICSA. In ICSA, central apneas
may occur without an obvious pattern or in a
repetitive cyclical manner. The duration of the
cycle time (~20-40 seconds) and the associated
blood gas disturbances tend to be less than those
in CSB. Arousals also characteristically occur at
the termination of central apnea in ICSA. Similar
to CSB, hypopneas/apneas occur most commonly
during lighter sleep (stages 1 and 2). Insomnia
and daytime sleepiness are common symptoms.
Elevated hypercapnic ventilatory responses66,72,73

leading to increased propensity for hypocapnia
and respiratory control instability are believed to
be particularly important pathophysiological traits
in ICSA. Although arousal may play an important
role in terminating hypopnea/apneas in patients
with ICSA, the subsequent hypocapnia that
develops seems to play an important role in
further destabilization of breathing.62
Cardiovascular Disease and Apnea
Pathophysiology

The potential for sleep-disordered breathing to
contribute to cardiovascular disease and vice versa
and the underlying mechanisms are questions of
ongoing investigation. For example, emerging
animal data show an increased propensity for
apnea and unstable breathing in response to acute
elevations in left atrial pressure.74 The presence of
intermittent hypoxia may further impair cardiac
muscle75 and, therefore, increase the risk of
developing CSA. Given the link between condi-
tions such as heart and renal failure and sleep-
disordered breathing, a series of recent studies
have investigated the potential role of fluid shifts
contributing to apnea pathophysiology. Chiu
and colleagues76 applied lower body positive
pressure to healthy individuals during wakeful-
ness and demonstrated an increase in neck
circumference accompanied by increased upper
airway resistance. A subsequent study using
similar methodology demonstrated reduced
upper airway cross-sectional area in healthy
individuals.77 Furthermore, acute diuretic treat-
ment to reduce airway edema in patients with
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heart failure and severe OSA reduced the apnea/
hypopnea index, further supporting the potential
role of upper airway fluid accumulation in sleep-
disordered breathing.78 To date, similar studies in
patients with heart failure and CSA have not been
conducted, but in theory, strategies to reduce fluid
accumulation may be beneficial via reduced
afferent C-fiber stimulation.

Treating sleep-disordered breathing with CPAP
improves hemodynamics in patients with heart
failure.79 However, the largest randomized trial to
date in patients with heart failure and CSA did not
demonstrate a beneficial survival effect of treat-
ment.80 The efficacy of CPAP in resolving CSA,
however, varied dramatically between patients,
and a subsequent analysis of these patients
revealed a beneficial effect on survival and other
associated outcome measures in “responder”
patients whose CSA was reduced to below 15
events per hour of sleep.81 Atrial overdrive pacing
to improve cardiac function and reduce apnea
severity showed some promise in 1 study82 but not
in other studies.83,84 Other strategies such as
cardiac resynchronization therapy have been
shown to be beneficial in reducing the severity of
both CSA85 and OSA,86 presumably by reducing
circulatory delay and stabilizing ventilatory con-
trol. A 6-month aerobic exercise training program
Fig 4. Schematic of the disease spectrum from OSA to CSA a
influence where a particular patient lies (gray dashed arrow
patient diagnosed with OSA at baseline switches to the CSA
CPAP because of currently unknown mechanisms is also de
has recently been shown to improve central but
not obstructive apnea indices in patients with
heart failure and sleep-disordered breathing that
may potentially be mediated via exercise-induced
changes in chemosensitivity.87
The Spectrum of Disease: Similarities
and Differences Between OSA and CSA

Although we have initially attempted to separate
our description of the underlying mechanisms of
OSA and CSA, significant overlap exists, and most
patients experience varying degrees of both.
Indeed, central apneas lead to upper airway
closure in most instances.88 This is likely a
reflection of the reduced drive to all respiratory
muscles (including genioglossus) that occurs with
central apnea (Fig 2). Furthermore, patients with
OSA have unstable respiratory control.30-32,89

Thus, the multiple pathophysiological factors
that underlie sleep-disordered breathing impor-
tantly contribute to where an individual lies
on the disease spectrum (ie, the percentage of
central vs obstructive apnea present; Fig 4). In
addition, other factors, such as alcohol use or
body position (supine vs lateral), may further
contribute to night-to-night shifts as to where an
individual sits on the disease spectrum. On this
nd some of the various perpetuating factors that likely
s). A proposed example of complex apnea whereby a
side of the disease spectrum upon commencement of
picted. Refer to the text for further detail.
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note, there has been recent interest regarding the
clinical observation that some patients with
primarily OSA at baseline develop CSA upon
commencement of CPAP treatment. Thus, some-
thing about rectifying the collapsible segment of
the airway with CPAP shifts an individual from
the obstructive to the central side of the disease
spectrum (Fig 4). Treatment-emergent CSA has
been referred to as “complex sleep apnea,” and
approximately 5% to 15% of patients diagnosed
with OSA develop CSA on the first night of
CPAP treatment.90,91

Although studies examining the underlying
mechanisms for complex sleep apnea are lacking,
potential contributing factors may include
increased arousals during CPAP titration leading
to unstable breathing, stretch reflex-induced
apnea due to increased lung volume effects
(especially if CPAP is overtitrated), or increased
efficiency of carbon dioxide excretion (via
reduced upper airway resistance), rendering the
patient vulnerable to crossing the apnea thresh-
old. Central apneas typically resolve with ongoing
treatment, although their clinical significance
remains unclear. Nonetheless, adaptive servoven-
tilation seems to be a beneficial treatment option
for these patients.92 In support of the notion
that complex apnea is not a unique pathophysio-
logical condition but instead may simply repre-
sent a shift on the disease spectrum of a group that
lies further toward the midpoint before treatment
(Fig 4), a recent study suggests that important risk
factors are a history of cardiac disease and the
presence of some CSA at baseline.91 Clearly,
physiological studies to investigate these possibi-
lities are required.

Although significant pathophysiological over-
lap clearly exists between CSA and OSA and both
tend to worsen during lighter stages of sleep
(stages 1 and 2) and improve somewhat during
deeper sleep stages (stages 3 and 4), they differ
considerably during REM sleep. In OSA, hypop-
neas and apneas worsen during REM.93 Indeed,
some patients develop OSA exclusively during
REM sleep.94 Decreased upper airway muscle
tone95,96 and reduced chemosensitivity51,52 likely
contribute to these REM-related effects in OSA.
On the other hand, in CSA, apnea severity tends to
markedly improve during REM sleep,49 likely
because of the increased respiratory neuronal
activity that occurs in this sleep state.97
Summary and Importance of Improved
Understanding of Underlying

Apnea Mechanisms

The stoppages in breathing and the associated
events that occur during sleep-disordered breath-
ing clearly have a substantial impact on the
cardiovascular system. The underlying mechan-
isms that contribute to both OSA and CSA are
multifactorial. However, both may share common
features. Important contributing factors likely
include upper airway anatomy, upper airway
muscle activity, respiratory control stability, lung
volume, and arousal from sleep. Cardiovascular
disease may also importantly contribute to the
pathophysiology of sleep-disordered breathing
particularly in the development of CSA, although
recent evidence implicating the role of excess fluid
and impaired upper airway function also supports
an important role in OSA pathogenesis. Where an
individual sits on the disease spectrum and the
various pathophysiological determinants that
contribute to the type and severity of sleep-
disordered breathing may vary considerably
between patients. Continuous positive airway
pressure treatment for OSA is effective for most
patients; however, a significant minority may
experience a shift toward CSA upon commence-
ment of CPAP. Furthermore, CPAP is only
partially effective in treating CSA for most
patients, although newer devices such as adaptive
servoventilation devices offer promise. The ulti-
mate treatment goal remains to develop
approaches that enable determination of the
relative importance of the various pathophysiolo-
gical causes of sleep-disordered breathing on an
individual patient basis and to develop novel
therapeutic treatment options accordingly.98,99
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