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Abstract

Central sleep apnea (CSA) describes a group of conditions in which cessations in air flow occur
without respiratory effort. In contrast, obstructive sleep apnea patients have ongoing respiratory
effort during respiratory events. However, considerable overlap exists in the pathogenesis and
clinical presentation of obstructive sleep apnea and CSA. A good working knowledge of the
mechanisms underlying CSA is important for optimal clinical care. In general, CSA can be
classified into those with excessive drive (eg, Cheyne-Stokes breathing) versus those with
inadequate drive (eg, sleep hypoventilation syndrome). One critical factor contributing to the
cessation of air flow during sleep is the concept of the apnea threshold, such that a Paco, value
below a certain level will lead to cessations in breathing. Paco, can fall below the chemical apnea
threshold when drive is excessive (eg, robust chemosensitivity) or when hyperventilation is
occurring (eg, following arousal). Another important factor is the loss of the so-called wakefulness
drive to breathe, such that some rise in Paco, is likely to occur at the onset of sleep. A variety of
factors contribute to this rise, including upper-airway collapse and diminished chemosensitivity
(particularly during rapid-eye-movement sleep). In patients with low central drive, this further loss
of drive at sleep onset can lead to marked hypercapnia in some cases. The treatment of CSA is
also reviewed in some detail, including a role for positive airway pressure (eg, bi-level positive
airway pressure in hypoventilation patients) and optimization of medical therapy (eg, in Cheyne-
Stokes breathing). A paucity of research exists in this area, emphasizing the opportunities for
young investigators who are interested in this field.
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Introduction

Central sleep apnea (CSA) is defined by the cessation of air flow without respiratory effort.!
This condition is in contrast to obstructive sleep apnea (OSA), in which ongoing respiratory
effort is present during respiratory events.2=> Although these definitions are quite distinct, in
reality, considerable overlap is present between OSA and CSA from the standpoint of

underlying mechanism and clinical presentation.®:” For example, the majority of respiratory
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events are in fact hypopneas, in which obstructive versus central physiology is often difficult
to distinguish clinically. Thus, this paper will focus on the clinical syndromes that fall under
the umbrella of the term CSA, but we recognize that aspects of obstructive apnea are also
important for this discussion and are covered thoroughly by other participants in this Journal
Conference.

A number of forms of CSA exist, as will be detailed (Table 1). This classification is
critically important, since it provides insight into underlying mechanism and dictates the
type of therapy that the patient will require. Many patients are troubled by the diagnosis of
CSA since it is widely assumed to be related to some form of brain dysfunction. Patients
frequently present with a chief complaint that they had been told by their doctor, “There is
something wrong with my brain.” Thus, reassurance can be an important component of the
therapeutic approach to CSA. For example, cessation of respiratory effort is predictable
when substantial hypocapnia occurs during sleep (ie, a P,co, value below the so-called
apnea threshold will produce cessation of ventilation).8-10

Control of Breathing

In most cases the major determinant of minute ventilation is the Pco,. During wakefulness
the Pco, is tightly maintained near 40 mm Hg. However, during sleep the chemosensitivity
to both carbon dioxide and oxygen falls. A Pco, of 45 mm Hg occurs during stable sleep, in
part due to upper-airway collapse, and minute ventilation is reduced (largely through a drop
in tidal volume without an increase in respiratory rate). Chemosensitivity also varies with
sleep stage. As will be discussed, transitions from wakefulness to sleep and vice versa may
show some in-stability in breathing as the Pco, set-point changes.

The Concept of Loop Gain

Another useful concept is that of loop gain, which is a measure of the stability or instability
in the ventilatory control system.11-14 |_oop gain refers to the propensity of an individual to
develop periodic breathing. Those with high loop gain are prone to instability, whereas those
with low loop gain are quite resistant to periodic breathing. Younes et al have developed the
proportional-assist ventilation technique to assess ventilatory loop gain.1215 Individuals
with high loop gain develop periodic breathing with minimal proportional-assist ventilation
support, whereas those with low loop gain do not develop periodic breathing, even with
considerable proportional-assist ventilation support.

Loop gain has a number of components, including the central respiratory controller (ie,
controller gain), the efficiency of CO, excretion (so-called plant gain), and the delays
imposed by hemoglobin binding and the circulation (so-called mixing gain). Any of these
various gains can serve to elevate the overall loop gain and create a propensity for breathing
instability. The loop gain concept can be a challenging one, but can be more easily
understood by using the thermostat analogy. The analogy of the respiratory system to
regulate CO, (ie, at 40 mm Hg) can be thought of by considering the temperature control
system in a room trying to regulate room temperature (eg, at 20°C). The situations that lead
to substantial instability in air temperature by analogy could lead to considerable
fluctuations in P,co, in the ventilatory control system. A thermostat that is excessively
sensitive (ie, turns on air conditioning when temperature rises to 20.001°C) would lead to
temperature instability more than a thermostat that was less sensitive.

A similar phenomenon can occur in the ventilatory system in individuals with robust
chemosensitivity (ie, those who breathe a lot with minimal CO» elevation). Such individuals
are prone to breathing instability or Cheyne-Stokes breathing (CSB) (Fig. 1). Similarly, a
furnace that was overly powerful would tend to lead to marked temperature fluctuations. For
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example, if a spontaneous fall in room temperature to 19.5°C were to occur, a furnace that
blows heat up to a room temperature of 50°C would tend to lead to more instability than a
less robust furnace.1® By analogy, those individuals with high plant gain (very efficient CO,
excretion) would be more likely to develop marked CO, fluctuations (and therefore periodic
breathing) than an individual with less efficient CO, excretion.17

Other situations that will lead to more unstable room temperature would be that the
temperature regulation is in a small room (as opposed to a large indoor stadium) or a
situation where the furnace and the thermostat are far removed from one another. By
analogy, the ventilatory control system would not be prone to instability if the
chemoreceptors were present in the lungs as opposed to the carotid bodies and brainstem.
That said, the role of pathological delays in the circulation as a cause of periodic breathing
has been questioned.18 Although Guyton et al showed in some classic experiments that
prolonged circulatory delays could lead to breathing instability, these delays in some
animals were on the order of several minutes (ie, beyond what could occur in a human even
with severe heart disease).1?

When studies have carefully examined congestive heart failure (CHF) patients with CSB,
their circulatory delay is comparable to matched control CHF patients without Cheyne-
Stokes.1® This finding may lead some to believe that pathological delays in the circulation
are not important in control of breathing. However, a number of studies have shown
improvements in both central and obstructive apnea with cardiac resynchronization therapy,
with some data showing that improvements in circulatory delay are predictive of
improvements in apnea-hypopnea index.2921 These data suggest that circulatory delay may
be important, although further data are clearly required.

Types of Central Sleep Apnea

In general, the mechanisms underlying CSA can be categorized into one of 2 groups: those
with high central drive (or loop gain), and those with low central drive.

Cheyne-Stokes Breathing

CSB is common in patients with CHF.22 Studies suggest that 30-50% of patients with CHF
with left-ventricular systolic dysfunction have CSB.23 Estimates of CSB prevalence have
been variable in the literature, in part due to the increasing prevalence of obesity (which may
be increasing the prevalence of OSA over CSB), and the studies that have been based in the
Veterans Affairs hospitals involved exclusively men (since CSB is much more common in
men than women). With these caveats, CSB remains the most well studied example of CSA
to date. Despite the high prevalence figures and emerging literature, many cardiologists
remain skeptical about the utility of sleep studies in patients with CHF.24 Several papers
have examined the prognostic value of sleep abnormalities in patients with CHF.25

Lanfranchi et al examined polygraph studies in a cohort of patients with CHF in addition to
demographic variables, echocardiographic, autonomic measures, and Holter monitoring.2
The multivariate analyses suggest that the best predictors of mortality in this cohort were
apnea-hypopnea index (based on the polygraph) and the size of the left atrium. These data
are consistent with the notion that CSB per se may be problematic in CHF, and not simply a
marker of a “sicker” patient. However, other studies have been quite variable from the
standpoint of the prognostic value of CSB in patients with CHF.27 Thus, therapeutic studies
will probably be required to resolve this controversy as to whether CSB per se is
problematic.
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A number of interventional studies have been performed in the CSB arena, with somewhat
conflicting messages. Nasal continuous positive airway pressure (CPAP) has been shown to
improve oxygen tension as well as breathing pattern in CHF patients with CSB.28:29 Some
data further suggest important improvements in left-ventricular ejection fraction with CPAP
therapy, as compared to controls. The mechanisms underlying the improvement in
hemodynamics are complex but probably include reductions in cardiac pre-load and after-
load (Table 2).39-32 Given the small volume of blood in the pulmonary veins, steady-state
cardiac output is critically dependent on right-ventricular function.33:34 That is, in steady
state, left-ventricular output can also increase only if right-ventricular output increases, as
the two must be equal. With CPAP in CSA, right-ventricular output is probably improved
due to reductions in pulmonary artery pressure, which occur with alleviation of hypoxemia
from CPAP application. However, further research is clearly required regarding the
mechanisms underlying hemodynamic benefit from nasal CPAP therapy in CHF.35

An initial pilot study in patients with CHF, by Sin et al, showed a potential improvement in
transplant-free survival in those treated with CPAP, as compared to controls.28 That study,
however, had a number of limitations, including a small sample size, a failure to use the
intention-to-treat analytical technique, and lack of B-blocker therapy in the majority of
treated patients. These data led to considerable initial enthusiasm, but the subsequent
Canadian Continuous Positive Airway Pressure for Patients with Central Sleep Apnea and
Heart Failure Trial (CANPAP) study published in The New England Journal of Medicine
failed to corroborate these results.2°

The CANPAP study showed no important improvement in outcome among CSB patients
given CPAP, as compared to matched controls. Of concern, the data suggested a deleterious
outcome among CPAP-treated patients in the short term. In CANPAP there was some late
improvement in outcome in CPAP-treated patients, such that the overall survival was
equivalent among CPAP-treated patients, as compared to controls. Some minor
improvements in morbidity were observed in the CANPAP study include left-ventricular
ejection fraction, although most acknowledge the study as negative. The mechanism
underlying the worsening of short-term outcome is unclear but may relate to hypovolemia
among CPAP-treated patients. In theory, hypovolemic patients (who are pre-load dependent)
may experience a fall in cardiac output with nasal CPAP therapy, whereas hypervolemic
patientgo(who are more after-load dependent) may experience improved cardiac output with
CPAP.

A subsequent follow-up study from CANPAP examined various subgroups, not pre-
specified in the initial study. Arzt et al reported on CPAP-treated patients in CANPAP who
experienced resolution of central apnea, as compared to CPAP-treated patients who had
persistent apnea.36 The data showed improved outcome among those with resolution of
apnea, as compared with the other groups. There are 2 potential explanations for this
finding. On the one hand, some might argue that treatments that lead to resolution of apnea
are likely to yield improved outcome in CHF patients with CSB. On the other hand, some
could argue that the resolution of apnea was a good prognostic sign (ie, those patients who
had resolution of apnea may be different from those with persistent apnea for reasons
independent of CPAP therapy). For example, patients who are adherent with their
medications may be the ones in whom CSB resolves and therefore the breathing
improvement may be a marker, but not a cause, of a good prognosis. The answer to this
dilemma will require further study, but remains a source of considerable discussion.

These data have led to the conception of the CANPAP 11 study, which will test the utility of
newer devices (which use proprietary algorithms to maintain ventilation relatively constant
during fluctuations in patient effort) in the treatment of breathing abnormalities during sleep
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in CHF patients. If these newer devices are effective at e/iminating CSB, then one might
anticipate improvement in outcome if CSB itself is indeed problematic.

A frequently asked question is regarding how CSB should be treated as of today. Although
the answer to this question is unknown, optimization of medical therapy is probably the
cornerstone of treatment, since CSB will often resolve with adequate medical therapy.3” The
measurement of a serum brain natiuretic peptide level can sometimes be helpful, since
patients who are apparently well treated medically often have room for improvement from
the standpoint of medications and dosages.38 Similarly, studies have shown improvement in
both OSA and CSB with cardiac resynchronization therapy.20-21 Other agents have been
discussed, including oxygen,3? acetazolamide,” and theophylline,? but hard outcome data
are lacking. The management of these patients is otherwise controversial.

Some would argue that, depending on the indication for the sleep study, treating patients for
symptomatic benefit may be justified. For example, if a patient complains of non-restorative
sleep or daytime sleepiness, one could argue to give a trial of CPAP therapy to improve
symptoms. Because many CHF patients complain of fatigue rather than sleepiness,*! this
clinical decision can be quite complex. Among CHF patients who also have a component of
OSA one could argue that treatment with CPAP is justified, based on some improvements in
hemodynamics that have been documented in prior studies.#243 Although some short-term
studies have shown some improvements in breathing pattern with the use of newer positive
pressure devices, outcome data are again lacking.#*4° Because of the clinical overlap
between OSA and CSB, and the potential improvement in morbidity with CPAP therapy in
OSA plus CHF, we frequently will give these patients a trial of nasal CPAP with close
clinical follow-up to document improvement in breathing pattern. However, we await
further data before making more definitive recommendations.

Complex Apnea

Considerable controversy exists regarding complex sleep apnea.® A number of entities can
lead to poor outcome among CPAP-treated patients with OSA (Table 3); these entities
should be ruled out before more esoteric diagnoses are sought. The definition of complex
apnea is variable in the literature, but most reports suggest development of central apnea in
OSA patients when initially exposed to CPAP.4” The term “treatment-emergent central
apnea” was previously used to describe this phenomenon, which appears to occur in roughly
10% of CPAP titrations.? Most of the published data suggest that this form of central apnea
generally resolves with ongoing CPAP therapy.*8:49 Chronic CPAP therapy is not a
recognized risk factor for CSA, suggesting that these 10% of patients usually experience
resolution of respiratory events with ongoing therapy. The mechanism underlying these
events is unclear but probably related to the relief of upper-airway obstruction with the
application of CPAP.50 By effectively removing a large resistance from the respiratory
system, the efficiency of CO, excretion is improved, and thus important hypocapnia can
result. If the resulting Paco, falls below the CO2 apnea threshold,8 then cessation in
respiratory effort will be expected.

In roughly 1-2% of CPARP titrations there is persistence of these respiratory events despite
ongoing CPAP therapy.*® This truly refractory group is uncommon clinically, and optimal
therapy for these patients is not established. An emerging literature has been pushing the
notion that newer devices are helpful to resolve this form of central apnea. However,
randomized controlled trial data are lacking from the standpoint of hard clinical outcome.
Thus, the management of treatment-emergent central apnea is unclear.>1 For most cases,
expectant management is adequate since these events are likely to resolve. For the remaining
fraction of patients with truly refractory central apneas, a variety of options could be
considered, including hypnotic therapy, oxygen therapy, acetazolamide, or potentially newer
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devices.52:53 However, further data will be required before any definitive recommendations
can be provided. One issue that has received minimal attention is the concept that patients
with treatment-emergent central apneas may have a poor initial experience with CPAP and
thus may be non-adherent with therapy, even if the central events ultimately resolve.
Randomized trials will ultimately be required on whether early intervention in these patients
will lead to improved long-term adherence and outcomes.

The above discussion pertains primarily to patients with high drive or high loop gain.
However, a number of patients who fall into the CSA category have low drive. For example,
patients with hypercapnic COPD frequently experience worsening ventilation during sleep.
The mechanism underlying this deterioration is complex but is thought to involve upper-
airway collapse as well as the loss of the so-called wakefulness stimulus (or the wakefulness
drive to breathe).29:24 In many cases these patients have hypopneas rather than apneas, and
their etiology is often difficult to determine. As a result, many investigators refer to these
individuals as having “sleep hypoventilation syndrome” rather than CSA per se. Regardless,
these patients experience deterioration in their ventilation and often benefit from assisted
ventilation.

Sleep Transition Apnea

Sleep transition apneas refer to the fluctuations in ventilation that occur in otherwise normal
individuals during the transition from wake to sleep.! The pathogenesis of these apneas
involves arousal from sleep, which is associated with an augmentation of ventilation,>5-6
particularly immediately after waking up. In normal individuals with a Paco, = 40 mm Hg
during wakefulness, Paco, = 45 mm Hg during stable non-rapid-eye-movement sleep. When
these individuals wake up from sleep, they typically hyperventilate and drive down their
Paco, to values below their normal awake eupnic P,co,. If this rise in ventilation yields a
Paco, below the so-called apnea threshold,8 then a cessation of breathing is predictable.
Frequently, transient arousals from sleep occur and are followed by resumption of sleep, but
the associated augmentation in ventilation leads to central apnea upon resumption of sleep.

The treatment of these individuals must be individualized as it depends on the underlying
cause of the arousals. Depending on the etiology of the arousals (eg, obstructive apnea,
periodic limb movement, sleep maintenance insomnia), the administration of appropriate
treatment of underlying cause will help to alleviate these sleep transition apneas. In cases
where transition apneas remain problematic, oxygen administration can be effective.
Oxygen serves to raise Paco, through a variety of mechanisms (ie, Haldane effect, loss of
hypoxic drive, loss of hypoxic pulmonary vasoconstriction yielding increased dead space,
reduced minute ventilation raising effective F|o,, and sleep onset) (Table 4).57 If the oxygen
serves to increase P 5co, above the apnea threshold, then resolution of apnea can be
anticipated. Hypnotic therapy may also be effective in patients with transition apneas, since
these agents serve to raise P,co, and reduce recurrent arousals. These physiological effects
would be predicted both to increase CO, above the apnea threshold and to improve central
apnea. Thus, a variety of approaches are useful for treating sleep transition apneas if they
persist after addressing the underlying cause.

Narcotic-Induced Central Apnea

Narcotic-induced central apneas are also being increasingly appreciated.! These events
occur in patients on chronic narcotic therapy, either due to chronic pain or due to drug

abuse. Prevalence estimates vary, but the literature suggests that between 10% and 50% of
chronic narcotic therapy patients have some form of central apnea. A number of features of
these patients are noteworthy. These patients frequently have bradypnea (reduced respiratory
rate), and thus a low respiratory frequency should alert the clinician to the possibility of
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narcotic therapy/use. In addition, at least in some cases, narcotic-induced central apneas are
dose-dependent.! As a result, these patients may experience resolution of their breathing
abnormality upon reduction of their narcotic dosing (Fig. 2). Appropriate treatment of these
patients is poorly studied. Efforts to reduce the narcotic dose may be facilitated by local
analgesics or agents such as gabapentin (or non-narcotic analgesics), which may reduce
narcotic requirements. Some data suggest that the use of newer devices may help resolve
respiratory events, although outcome data are lacking.>8

Hypoventilation Syndromes

The approach to hypoventilation is most simply considered as patients who “can’t breathe”
versus patients who “won’t breathe.” Can’t-breathe patients are ones with neuromuscular
weakness or abnormalities in lung or chest wall mechanics that preclude adequate
ventilation. Those who won’t breathe generally have abnormalities in central control with
inadequate central drive to maintain a normal Paco,. This distinction is often apparent based
on the history and physical examination. The airway-occlusion pressure 0.1 s after the start
of inspiratory flow (Pg 1 or P1gg) can also be helpful, as it assesses the pressure generated at
the mouth during the first 100 ms of a spontaneous inspiration, during which the airway is
briefly occluded, unbeknownst to the patient. Those with low central drive have a low Py 1,
whereas those with high central drive will generally have a normal or high Py ;. Clearly,
severe neuromuscular disease would limit the ability to generate Py 1, So the test is far from
perfect.>® However, it does provide a relatively robust metric of central drive, which is
somewhat impervious to neuromuscular function and lung parenchymal disease.
Measurement of hypercapnic chemosensitivity can also be helpful, since those with
impaired central drive (eg, central congenital hypoventilation syndrome) will typically have
blunted chemosensitivity.

With the development of genetic testing for central congenital hypoventilation syndrome (ie,
PHOX-2b gene),89:61 an increasing number of patients are being diagnosed with this
condition, even in adulthood.52 Central congenital hypoventilation syndrome represents the
prototype for a “won’t breathe” disorder. Considerable progress has been made in our
understanding of the genetics of this disorder as well as in terms of brainstem pathways.
These patients frequently have autonomic and other systemic abnormalities, which are now
being understood at a basic level. Important insights are now being gained regarding the
links between respiratory and autonomic control, using sophisticated animal models of
central congenital hypoventilation syndrome.%3

Among patients who can’t breathe, a logical approach can be helpful to avoid missing
potential causes. We recommend an anatomical approach whereby lesions anywhere along
the following pathway could theoretically lead to hypoventilation: brainstem to bulbospinal
tracts to C3—-C5 spinal cord through upper motor neurons, anterior horn cell from cord to
lower motor neurons to neuromuscular junction to muscle (diaphragm). Major abnormalities
of the lung parenchyma and chest wall are usually obvious clinically or from pulmonary
function tests. Neuromuscular processes, however, can be more subtle but can be suspected
based on immediate orthopnea on history, low lung volumes on chest radiograph, lack of
diaphragm movement on chest percussion, unexplained hypercapnia, or evidence of
systemic weakness on examination. Thus, a careful clinical approach to the patient with
hypoventilation can often be clinically important.54

Many patients with daytime hypercapnia will experience worsening of their blood gases at
sleep onset. This worsening is probably multifactorial but related to loss of wakefulness
drive to breathe as well as upper-airway collapse.>* Patients with hypercapnic COPD,
obesity hypoventilation syndrome, neuromuscular disease, et cetera all have worsening
elevation of Pyco, during sleep.5° Definitive data regarding optimal management are
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lacking. Optimization of medical therapy for underlying conditions should clearly be
emphasized (eg, weight loss, optimized bronchodilator therapy). However, bi-level positive
airway pressure is frequently provided to hypercapnic patients in an effort to maintain if not
improve P,co, during sleep. In some cases, nocturnal ventilation has been associated with
improvement in daytime arterial blood gases, perhaps as a result of muscle rest or resetting
of Paco, set point.

Randomized trial data for hypercapnic COPD are evolving, with the bulk of the existing data
suggesting modest benefit to nocturnal bi-level positive airway pressure in these patients.%6
While a number of negative studies exist, the positive studies have been primarily in COPD
patients with marked hypercapnia.8” One recent multicenter randomized trial showed some
improvement in adjusted mortality with nocturnal ventilation in COPD, as compared with
the control group.56 However, quality of life deteriorated somewhat in the nocturnal-
ventilation group, leading to caution in widespread advocacy for bi-level in optimal COPD
management. A group in Germany, led by Windisch, has been investigating the use of so-
called “high-intensity” nocturnal ventilation. They have considerable experience with the
use of high levels of inspiratory pressure (up to 30 cm H,0) in COPD patients, without
major complications.?8:69 They have demonstrated excellent long-term outcome among
consecutive series of patients with hypercapnic COPD who undergo high-intensity nocturnal
ventilation. However, randomized trial data for high-intensity ventilation are currently
sparse. As a result, the optimal management of hypercapnic COPD remains unclear until
further data are available. At present, we do offer nocturnal ventilation to these patients in
addition to oxygen supplementation (which has clear mortality benefit in hypoxemic
COPD).”0 For patients with hypercapnic respiratory failure without COPD, data are more
sparse, but again bi-level positive airway pressure can sometimes be helpful in the
management of these patients. Finally, we are aware of no data regarding optimal therapy
for the overlap syndrome (OSA plus COPD) as reviewed elsewhere in this Journal.’!

CSA is relatively uncommon, as compared with OSA. However, considerable overlap exists
between CSA and OSA, from the standpoint of pathogenesis as well as disease
manifestations. As a result, a good working knowledge about CSA is important. CSA can be
divided into various subcategories, each with some unique features and management issues.
In general, the topic is not well researched from the standpoint of mechanism or clinical
trials, leaving considerable room for improvement for future investigators to target.
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Fig. 1.

Cheyne-Stokes breathing. A crescendo-decrescendo pattern of breathing with cessations in
air flow in the absence of respiratory effort. This breathing pattern is typically associated
with desaturations and re-oxygenation (which may contribute to oxidative stress), arousals
from sleep (often characterized by paroxysmal nocturnal dyspnea), and bursts of tachycardia
(probably from catecholamine surges). (From Reference 1 with permission.)
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Fig. 2.
A: A patient with narcotic-induced central apnea. Note the cessations in air flow without

respiratory effort. B: The breathing abnormality resolved on a lower dose of narcotic. (From
Reference 1, with permission.)

Respir Care. Author manuscript; available in PMC 2012 August 13.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Malhotra and Owens

Table 1

Forms of Central Sleep Apnea
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Type of Central Apnea Mechanism Treatment

Sleep transition apnea Ventilatory response to arousal drives Pco, below apnea threshold Reassurance
Sleep hygiene
Hypnotic therapy
Oxygen

Narcotic-induced central apnea

Cheyne-Stokes breathing

Complex sleep apnea

Idiopathic central apnea

Unclear, suppressed output from respiratory pattern generator

High loop gain from extravascular lung water and robust
chemoresponsiveness

CPAP reduces upper-airway resistance, improving the efficiency of CO,
excretion

Unknown

Reduce narcotic dose
Consider advanced PAP device

Optimize medical therapy
Consider PAP

Reassurance
Expectant management

Acetazolamide
Consider bi-level PAP

PAP = positive airway pressure

CPAP = continuous positive airway pressure
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Table 2
Hemodynamic Effects of CPAP

Increase right atrial pressure

Reduce cardiac pre-load

Improve oxygenation

Suppressed catecholamines

Reduced ventricular wall tension or after-load

Improved mitral regurgitation

Reduce pleural pressure required for inspiration by improving lung compliance

Improved right-ventricular after-load through reduced pulmonary vasoconstriction from hypoxemia and catecholamines

CPAP = continuous positive airway pressure
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Table 3
Causes of CPAP-Refractory Sleep Apnea (Commonly Confused with Complex Apnea)

Wrong CPAP level (over-titration, under-titration, weight change since titration)
CPAP non-adherence

Residual sleepiness on CPAP

Mask leak

Other sleep disorders (eg, Cheyne-Stokes breathing, chronic partial sleep deprivation)

Sleep transition apneas on CPAP initiation

CPAP = continuous positive airway pressure
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Table 4
Mechanisms Underlying Oxygen-Induced Hypercapnia

Loss of hypoxic pulmonary vasoconstriction, stripping perfusion from well-ventilated lung units, leading to increased pulmonary dead space
Haldane effect
Loss of central drive

Gradual increase in actual Fo, from noninvasive source with falling minute ventilation

Sleep onset leading to loss of wakefulness drive to breathe
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