CLINICAL REVIEW

Central Sleep Apnea in Adults:
Diagnosis and Treatment
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Background: While the literature has demonstrated a higher
prevalence of moderate-to-severe obstructive sleep apnea (OSA)
in the general population compared with central sleep apnea
(CSA), more evidence is needed on the long-term clinical impact
of and optimal treatment strategies for CSA.

Observations: CSA is overrepresented among certain clinical
populations, such as those with heart failure, stroke, neuromuscular
disorders, and opioid use. The clinical concerns with CSA parallel
those of OSA. The absence of respiration (apneas and hypopneas

due to lack of effort) results in sympathetic surge, compromise of
oxygenation and ventilation, sleep fragmentation, and elevation in
blood pressure. Symptoms such as excessive daytime sleepiness,
morning headaches, witnessed apneas, and nocturnal arrhythmias
are shared between the 2 disorders. A systematic clinical approach
should be used to identify and treat CSA.

Conclusions: The purpose of this review is to familiarize the
primary care community with CSA to aid in the identification and
management of this breathing disturbance.
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s the prevalence of obstructive sleep

apnea (OSA) has steadily increased in

the United States, so has the aware-
ness of central sleep apnea (CSA). The hallmark
of CSA is transient cessation of airflow during
sleep due to a lack of respiratory effort trig-
gered by the brain. This is in contrast to OSA,
in which there is absence of airflow despite con-
tinued ventilatory effort due to physical airflow
obstruction. The gold standard for the diagnosis
and optimal treatment assessment of CSA is in-
laboratory polysomnography (PSG) with esoph-
ageal manometry, but in practice, respiratory
effort is generally estimated through oronasal
flow and respiratory inductance plethysmog-
raphy bands placed on the chest and abdomen
during PSG.

BACKGROUND

The literature has demonstrated a higher
prevalence of moderate-to-severe OSA in
the general population compared with that
of CSA. While OSA is associated with worse
clinical outcomes, more evidence is needed
on the long-term clinical impact and opti-
mal treatment strategies for CSA.' CSA is
overrepresented among certain clinical pop-
ulations. CSA is not frequently diagnosed in
the active-duty population, but is increas-
ing in the veteran population, especially in
those with heart failure (HF), stroke, neu-
romuscular disorders, and opioid use. It is
associated with increased admissions re-
lated to comorbid cardiovascular disorders
and to an increased risk of death.”* The
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clinical concerns with CSA parallel those
of OSA. The absence of respiration (ap-
neas and hypopneas due to lack of effort)
results in sympathetic surge, compromise
of oxygenation and ventilation, sleep frag-
mentation, and elevation in blood pressure.
Symptoms such as excessive daytime sleep-
iness, morning headaches, witnessed ap-
neas, and nocturnal arrhythmias are shared
between the 2 disorders.

Ventilatory instability is the most widely
accepted mechanism leading to CSA in pa-
tients. Loop gain is the concept used to ex-
plain ventilatory control. This feedback loop
is influenced by controller gain (primarily
represented by central and peripheral che-
moreceptors causing changes in ventilation
due to PaCO, [partial pressure of CO, in arte-
rial blood] fluctuations), plant gain (includes
lungs and respiratory muscles and their abil-
ity to eliminate CO,), and circulation time
(feedback between controller and plant).

High loop gain and narrow CO, reserve
contribute to ventilatory instability in CSA.°
Those with high loop gain have increased
sensitivity to changes in CO,. These patients
tend to overbreathe in response to smaller in-
creases in PaCO, compared with those with
low loop gain. Once the PaCO, falls below an
individual’s apneic threshold (AT), an apnea
will occur.” The brainstem then pauses ven-
tilation to allow the PaCO, to rise back above
the AT. CSAs also can occur in healthy in-
dividuals as they transition from wakeful-
ness into non-rapid eye movement (REM)
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sleep in a phenomenon called sleep state os-
cillation, with a mechanism that is similar
to hyperventilation-induced CSAs described
earlier.

Primary CSA has been defined in the In-
ternational Classification of Sleep Disorders 3rd
edition (ICSD-3) with the following criteria:
(1) diagnostic PSG with > 5 events per hour
of CSAs and/or central hypopneas per hour
of sleep; the number of CSAs and/or central
hypopneas is > 50% of the total number of
apneas and hypopneas; and there is no ev-
idence of Cheyne-Stokes breathing (CSB);
(2) the patient reports sleepiness, awakening
with shortness of breath, snoring, witnessed
apneas, or insomnia; (3) there is no evidence
of nocturnal hypoventilation; and (4) the dis-
order is not better explained by another med-
ical use, substance use disorder (SUD), or
other current sleep, medical, or neurologic
disorder.®

A systematic clinical approach should be
used to identify and treat CSA (Figure).®’
Adult CSA can be divided into 2 main cate-
gories based on the blood gas CO, levels on
awakening. The first type is eucapnic/hypo-
capnic (nonhypercapnic) CSA, which can
further be subdivided into HF-induced CSA,
treatment-emergent CSA, altitude-induced
CSA, CSA induced by renal failure or other
comorbidities, and idiopathic CSA. The sec-
ond type is hypercapnic CSA, which can be
further subdivided into drug-induced CSA
and neuromuscular CSA. Strokes can induce
hypercapnic or hypocapnic CSA.

The purpose of this review is to familiarize
the primary care community with CSA to aid
in the identification and management of this
breathing disturbance.

NONHYPERCAPNIC CSA
Heart Failure-Induced CSA

The leading medical diagnosis causing CSA
is congestive HF (CHF), and there is a cor-
relation between HF severity and presence
of CSA. In patients with stable CHF with
HF reduced ejection fraction (HFrEF), CSA
is highly prevalent, occurring in 25% to
40% of patients.” In contrast to other sub-
types of CSA where literature regarding
prognosis is lacking, the literature is clear
that patients with HFrEF with CSA have
a worse prognosis, with increased risk of
death independent of the severity of HE
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This may be the result of CSA promoting ma-
lignant ventricular arrhythmias. The preva-
lence of CSA in HF with preserved ejection
fraction (HFpEEF) is about 18% to 30%.%!!

A significant reduction in cardiac out-
put results in circulatory delay between the
lungs and chemoreceptors that produces
CSB periodic breathing, which is character-
istic of the most recognized form of CSA. Per
the ICSD-3, CSA with CSB requires the fol-
lowing 4 findings: (1) PSG reveals > 5 CSAs
and/or central hypopneas per hour of sleep;
there are at least 3 consecutive CSAs and/or
central hypopneas separated by crescendo-
decrescendo breathing with a cycle length
of at least 40 seconds (ie, CSB pattern), and
the number of CSAs and/or central hypop-
neas is > 50% of the total number of apneas
and hypopneas; (2) the patient reports sleep-
iness, awakening with shortness of breath,
snoring, witnessed apneas, or insomnia;
(3) the breathing pattern is associated with
atrial fibrillation/flutter, CHE, or a neurologic
disorder; and (4) the disorder is not better
explained by another current sleep disorder,
medication use (eg, opioids), or SUD.®

Treatment of HF-induced CSA begins with
guideline-based medical management with
the goal of reducing pulmonary capillary
wedge pressure or increasing left ventricular
ejection fraction through means that may in-
clude cardiac resynchronization therapy or
left ventricular assist devices, when clinically
indicated. If medical optimization is not suf-
ficient, the next step is continuous positive
airway pressure (CPAP or PAP), followed by
adaptive servo-ventilation (ASV) if the apnea-
hypopnea index (AHI) remains > 15 events
per hour and is clinically indicated.

ASV is a second-line PAP therapy modality
that uses proprietary algorithms to provide
variable amounts of pressure that alternate
between expiratory and inspiratory phases
of the respiratory cycle in combination with
physician-set or automatic backup respira-
tory rate designed to stabilize ventilation in
patients with CSA and CSB. The inability to
adjust tidal volume, potentially resulting in
insufficient tidal volumes or ventilation, re-
sults in the contraindication for its use in pa-
tients with CSA with comorbid conditions
that may result in hypercapnic respiratory
failure. These conditions include chronic
hypoventilation in obesity hypoventilation
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Abbreviations: AHI, apnea hypopnea index; ASV, adaptive servo-ventilation; BiPAP, bilevel positive airway pressure; CPAP,
continuous positive airway pressure; CSA, central sleep apnea; LVEF, left ventricular ejection fraction; NIV, noninvasive

ventilation; OSA, obstructive sleep apnea.

aEvaluation may include tests for thyroid function, arterial blood gas, and transthoracic echocardiogram.

bScoring central vs obstructive hypopneas recommended.

syndrome (OHS), moderate-to-severe
chronic obstructive pulmonary disease,
chronic elevation of PaCO, on arterial blood
gas > 45 mm Hg, and restrictive thoracic or
neuromuscular disease.'?

Although ASV is more effective in nor-
malizing AHI in patients with HF and
CSA than is CPAP therapy, the clinical in-
dications for ASV in the setting of HFrEF
changed drastically with the publication
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of the landmark SERVE-HF trial, which
investigated the effects of adding ASV to
guideline-based medical management on
survival and cardiovascular outcomes in
patients with HFrEF and predominant
CSA.13 The study did not show a differ-
ence between the ASV and control groups
for the primary endpoint: a composite of
time to first event of death from any cause,
lifesaving cardiovascular intervention
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(transplantation, implantation of a long-
term ventricular assist device, resuscitation
after sudden cardiac arrest, or appropri-
ate lifesaving shock), or unplanned hospi-
talization for worsening HE However, the
study showed a statistically and clinically
significant increased risk of all-cause and
cardiovascular mortality in the ASV group
compared with the control group.” A pos-
sible explanation for the increased all-cause
and cardiovascular mortality is that CSA
potentially serves a protective mechanism
that when eliminated results in deleterious
clinical outcomes. This resulted in signifi-
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cant changes in the treatment algorithm for
HF-induced CSA with left ventricular ejec-
tion fraction of at least 45% becoming the
cutoff for therapeutic decisions.

Treatment-Emergent CSA

Treatment-emergent CSA (TECSA, also
known as complex sleep apnea) has
been defined by the ICSD-3 by the fol-
lowing criteria: (1) diagnostic PSG with
> 5 events per hour of predominantly ob-
structive events; (2) resolution of obstruc-
tive events with PAP without a backup
rate and CSA index (CAI) > 5 per hour

Central Sleep Apnea
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with central events > 50% of the AHI; and
(3) CSA not better explained by another
disorder.® Patients with TECSA can be fur-
ther classified into those who have transient
events that resolve within weeks to months,
those with persistent events, and those with
delayed events that may develop weeks to
months after initiating PAP therapy."*

PAP treatment can decrease the PaCO,
below the AT due to removal of flow lim-
itation in previously obstructed upper air-
ways, resulting in TECSA.">'® PAP therapy
has not been the only treatment where new
CSA has been identified on initiation. A 2021
systematic review identified patients who de-
veloped new-onset CSA with mandibular ad-
vancement device (MAD), hypoglossal nerve
stimulator, tongue protrusion device, and
nasal expiratory PAP device use, as well as
after tracheostomy, maxillofacial surgery, and
other surgeries, such as nasal and uvulopala-
topharyngoplasty.'”

The prevalence of TECSA has been noted
to range between 0.6% and 20.3%, but
Nigam and colleagues estimated a preva-
lence of 8.4% in their systematic review.'!*
The variability in prevalence between stud-
ies could be due to differences in study
design (retrospective vs prospective vs cross-
sectional), diagnostic and inclusion criteria,
patient population, and type of study used
(full-night vs split-night vs both).'8!? Risk
factors for TECSA include male sex; older
age; lower body mass index; higher baseline
AHI, CAI, and arousal index; chronic medi-
cal issues such as CHF and coronary artery
disease; opioid use; higher CPAP settings; ex-
cessive mask leak; and bilevel PAP (BiPAP)
use.” Identifying these risk factors is impor-
tant, as patients with TECSA are at higher
risk of discontinuing therapy and of develop-
ing PAP intolerance.">*

Most patients with TECSA can continue
CPAP therapy with resolution of events
over weeks to months, but treatment of co-
morbid conditions should be optimized
as they could be contributing factors. Ze-
ineddine and colleagues recommend con-
tinuation of CPAP for 3 months if the
patient has minor or no symptoms.' A
2018 systematic review noted that 14.3%
to 46.2% of TECSA patients will have per-
sistent TECSA and some will develop
TECSA after at least 1 month of PAP ther-
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apy.'* For these patients and those with se-
vere symptoms in spite of therapy, a switch
to BiPAP spontaneous/timed (BiPAP-S/T)
or ASV should be considered, if not contra-
indicated based on comorbidities.*! Medica-
tions such as acetazolamide, oxygen therapy,
and CO, supplementation have also been
discussed as alternative treatments, but these
options should not be first-line therapies and
should be used on a case-by-case basis as ad-
juncts to PAP therapy.'®"”

Altitude-Induced CSA

Also known as CSA due to high-altitude
periodic breathing (CSA-HAPB), this
form of CSA occurs in nearly all lowland-
ers at altitudes above 3000 m, with sever-
ity increasing with altitude.'” The exact
altitude at which it occurs varies based
on an individual’s physiology. CSA-HAPB
occurs in response to the low baromet-
ric pressure at altitude, combined with
stable fraction of oxygen, resulting in
decreased inspired partial pressure of ox-
ygen and hypoxia. The normal physio-
logic response to hypoxia is increased
ventilation, which can cause hypocapnia,
suppressing respiratory drive and result-
ing in CSAs. The instability of the respi-
ratory response results in cyclical CSAs
followed by hyperventilation. This peri-
odic breathing then causes arousals from
sleep, driving further sleep fragmentation
and exacerbation of baseline desaturation
and instability in the cyclical respiratory
response. There is individual variability
in hypoxic chemoresponsiveness (loop
gain). Compensatory mechanisms are
most robust when an individual routinely
dwells at high altitude, resulting in ac-
climatization, rather than traveling there
for a brief stay. Genetics and cardiac out-
put also contribute to the effectiveness of
compensation to altitude.

CSA-HAPB is defined by the following
ICSD-3 criteria: (1) Recent ascent to a high
altitude (typically > 2500 m, although some
individuals may exhibit the disorder at al-
titudes as low as 1500 m); (2) the patient
reports sleepiness, awakening with short-
ness of breath, snoring, witnessed apneas,
or insomnia; (3) symptoms are clinically at-
tributable to HAPB, or PSG, if performed,
reveals recurrent CSAs or hypopneas primar-
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ily during non-REM sleep at a frequency of
> 5 events per hour; (4) the disorder is not
better explained by another current sleep dis-
order, medical or neurological disorder, med-
ication use (eg, narcotics), or SUD.®

Treatment options to improve nocturnal
oxygen saturation and reduce or eliminate
CSA-HAPB in nonacclimatized individuals
include oxygen-enriched air, acetazolamide,
or combination treatment with acetazol-
amide and automatic PAP (APAP).>?> A meta-
analysis looking at the effectiveness of ac-
etazolamide in 8 different randomized con-
trolled trials demonstrated that a dose of
250 mg per day was effective in improving
sleep apnea at altitude as measured by a de-
crease in AHI, decrease in percentage of pe-
riodic breathing, and increasing oxygenation
during sleep.® The question of superiority of
combined acetazolamide with APAP to pla-
cebo with APAP in treatment of high-altitude
OSA was addressed in a randomized double-
blind, placebo-controlled trial. The results
showed that combined APAP (5-15 cm of
water pressure) and acetazolamide (250 mg
morning, 500 mg evening) decreased the
AHI to normal range, whereas central events
persisted in the APAP and placebo group.”
In addition, Latshang and colleagues have
demonstrated that ASV may not be as effica-
cious for controlling CSA-HAPB in nonaccli-
matized individuals compared with oxygen
therapy and suggested that further research is
warranted examining if ASV device algorithm
adjustment improves efficacy of this thera-
peutic option.?*

Comorbidity-Induced CSA
Several medical conditions may be associ-
ated with CSA, including chronic kidney
disease (CKD), pulmonary hypertension, ac-
romegaly, and hypothyroidism. The common
pathophysiologic link is that these disor-
ders may result in alteration of ventilatory re-
sponses to CO,, ultimately resulting in CSA.
As many as 10% of patients with CKD
may experience CSA.?>* The complications
encountered in CKD include fluid overload
with pulmonary edema, chronic metabolic
acidosis, and anemia. These can provoke hy-
perventilation in addition to poor sleep qual-
ity, triggering arousals that further drive CSA
in these patients. Additional risk factors for
CSA in this population include atrial fibrilla-
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tion and cardiac dysfunction. Clinical inter-
ventions that have demonstrated reduction
in CSA include hemodialysis at night vs day-
time and using bicarbonate buffer vs acetate
for hemodialysis 2>2+26-2

Hypersecretion of growth hormone in ac-
romegaly also results in hyperventilation
contributing to CSA. While medical and
surgical management of acromegaly results
in a reduction in OSA, there is limited evi-
dence on the outcome of the CSA after these
interventions.

Hypothyroidism and CSA both present
with similar symptoms of fatigue, daytime
sleepiness, depression, and headaches. Stud-
ies suggest that respiratory muscle fatigue
and decreased ventilatory response to hy-
percapnia and hypoxia contribute to apnea
in this population. In one study, 27% of hy-
pothyroid patients had a blunted response
to hypercapnia, and 34% suffered from a
blunted response to hypoxia. The same study
showed universal reversal of the impairment
following thyroid replacement therapy and
return to euthyroid state.*® Similarly, multi-
ple studies have shown reversal of respira-
tory muscle fatigue after initiation of thyroid
replacement.’*?? Assessing thyroid function
is an appropriate initial step during any
sleep-disordered breathing workup, as it is
a reversible cause of apnea. Up to 2.4% of
patients presenting for PSG (and diagnosed
with OSA) are found to have undiagnosed
hypothyroidism.**** In a military population,
treatment of a secondary cause of CSA, such
as hypothyroidism, could remove some ad-
ministrative burden as well as improve ser-
vice members’ quality of life.

If CSA persists despite previous treatment
strategies, then clinicians should focus on the
optimization of treatment for comorbid con-
ditions. If that does not resolve CSA, CPAP
should be used when AHI remains above
15 events per hour or ASV can be used.

Idiopathic CSA

There are limited data on the pathophys-
iology and prevalence of idiopathic CSA.
In most cases it is hypocapnic CSA, which
occurs after an arousal from sleep caus-
ing hyperventilation that causes hypocap-
nia below the apnea threshold similar to
CSA-HAPB. Therapeutic options based on
addressing underlying pathophysiology

Central Sleep Apnea
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include increasing CO, by inhalation or ad-
dition of dead space. Additional therapeu-
tic options to reduce the arousals and CSAs
include hypnotics, such as zolpidem and
acetazolamide, but these should be admin-
istered only with close clinical monitor-
ing. If symptoms continue, CPAP or ASV
may be trialed; however, limited clinical ev-
idence of efficacy exists."

For patients with moderate-to-severe CSA,
an additional treatment option includes an
implantable device (eg, Zoll remedé), which
stimulates the phrenic nerve to move the di-
aphragm and restore normal breathing. This
device is not indicated for those with OSA.
Based on data submitted to the US Food
and Drug Administration, AHI is reduced by
> 50% in 51% of patients with the implanted
device and by 11% in patients without the
device. Five-year follow-up data show sus-
tained improvements.>*

HYPERCAPNIC CSA

CSA due to a medication or substance re-
quires the following criteria: (1) the
patient is taking an opioid or other respi-
ratory depressant; (2) the patient reports
sleepiness, awakening with shortness of
breath, snoring, witnessed apneas, or in-
somnia (difficulty initiating or maintaining
sleep, frequent awakenings, or nonrestor-
ative sleep); (3) PSG reveals > 5 CSAs and/
or central hypopneas per hour of sleep;
the number of CSAs and/or central hypop-
neas is > 50% of the total number of apneas
and hypopneas; and there is no evidence of
CSB; and (4) the disorder is not better ex-
plained by another current sleep disorder.®

Drugs that affect the respiratory cen-
ters, such as opiates and opioids, y amino-
butyric acid (GABA) type A and B receptor
agonists, and P2Y(12) receptor antagonists
such as ticagrelor, may result in alterations
in ventilatory drive in the central nervous
system respiratory centers, resulting in
CSA.

Opioids are prescribed either for chronic
pain or to treat opiate addiction with metha-
done, resulting in about one-third of chronic
opioid users having some form of CSA.*
CSA may be seen after opioids have been
used for at least 2 months. A dose-dependent
effect exists with high doses of opioids, typi-
cally resulting in hypoventilation, hypercap-
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nia, and hypoxemia with ataxic or erratic
breathing and a periodic breathing pattern
similar to those described in CSA-HAPB or
idiopathic CSA. About 14% to 60% of meth-
adone patients also demonstrate CSA or
ataxic breathing. >

Benzodiazepines (GABA-A receptor ago-
nists) and baclofen (a GABA-B receptor ago-
nist) depress central ventilatory drive, blunt
the response to hypoxia and hypercapnia,
leading to CSAs, and increase risk for OSA by
increasing upper airway obstruction through
reduction in tone. Use of these medications
with antidepressants or opioids further exac-
erbates this response.

Unlike the other medications previously
described, ticagrelor, a first-line dual an-
tiplatelet therapy medication indicated for
acute coronary syndrome treatment, actually
increases the activity of the respiratory cen-
ters but may result in CSA.

First-line treatment, if possible, is reduc-
tion in medication dose or complete with-
drawal. Additional treatment options include
PAP therapies: CPAP, BiPAP, ASV, and oxygen
therapy with or without PAP*"*® The litera-
ture has demonstrated that for the treatment
of opioid-associated CSA, ASV (in cases of
normocapnia) and noninvasive ventilation
(NIV)/BiPAP (in cases with hypercapnia or
REM sleep hypoventilation) are superior
treatment options when compared with con-
ventional CPAP for elimination of respira-
tory events. CPAP with oxygen therapy and
BiPAP with oxygen therapy are more effec-
tive than CPAP alone in reducing respiratory
events. However, concerns remain that as
with CSA in HE CSA in chronic opioid users
may serve as a physiologic protective mecha-
nism to prevent further clinical injury from
opioids. Similarly, as in the use of ASV in
the SERVE-HF trial, focusing on elimination
of respiratory events may prove detrimen-
tal. More studies are needed to determine
whether reducing the number of CSA events
in chronic opioid users is clinically beneficial
when other health outcomes, such as cardio-
vascular, neurocognitive, hospital/intensive
care unit admissions, and mortality risks are
examined.

Neuromuscular-Induced CSA

CSA also is highly prevalent in neuromus-
cular conditions, such as amyotrophic
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lateral sclerosis, Duchenne muscular dystro-
phy, myotonic dystrophy, advanced multiple
sclerosis, and acid maltase deficiency. There
is reduced respiratory muscle strength and
tone in these disorders, resulting in alveo-
lar hypoventilation with hypercapnia. Given
the hypercapnia, NIV/BiPAP is the first-line
treatment to improve survival, gas exchange,
symptom burden, and quality of life.

Stroke-Induced CSA

Extensive cerebrovascular events commonly
precipitate sleep-related breathing disorders.
The incidence increases in the acute phase
of stroke and decreases 3 to 6 months post-
stroke; however, incidence also depends on
the severity of the stroke.”*** Stroke also has
been shown to be a predictor of CSA (odds
ratio, 1.65; 95% CI, 1.50-1.82; P < .001) in
a retrospective analysis of a large cohort of
US veterans.” The location of the lesion often
determines whether normocapnic or hyper-
capnic CSA will predominate, based on ven-
tilatory instability resulting in normocapnia
or reduced ventilatory drive resulting in hy-
percapnic CSA. PSG results and blood gases
direct the treatment options. CSA with nor-
mocapnia is treated with ASV, and patients
with hypercapnia/REM sleep hypoventilation
are treated with NIV/BiPAP.

CONCLUSIONS

While much has been learned about CSA
in recent decades, more evidence needs to
be gathered to determine optimal treatment
strategies and the impact on patient prog-
nosis. The identification of CSA can lead to
the diagnosis of previously unrecognized
medical conditions. With proper diagno-
sis and treatment, we can optimize clinical
management and improve patients’ progno-
sis and quality of life.
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