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Introduction: This guideline establishes clinical practice recommendations for treatment of central sleep apnea (CSA) syndromes in adults.

Methods: The American Academy of Sleep Medicine (AASM) commissioned a task force of experts in sleep medicine to develop recommendations and assign
strengths based on a systematic review of the literature and an assessment of the evidence using the Grading of Recommendations Assessment, Development and
Evaluation methodology. The task force provided a summary of the relevant literature and the certainty of evidence, the balance of benefits and harms, patient values
and preferences, and resource use considerations that support the recommendations. The AASM Board of Directors approved the final recommendations.

Good Practice Statement: The following good practice statement is based on expert consensus, and its implementation is necessary for the appropriate

and effective management of patients with CSA. The optimal approach to CSA treatment should incorporate clinical features, comorbid conditions, and
polysomnographic findings in an individualized manner. Specifically, clinicians must prioritize optimizing therapy for the conditions contributing to central

apneas and improving patient-reported outcomes rather than solely focusing on eliminating disordered breathing events. Once therapy for CSA has

been initiated, persistence of central respiratory events should prompt re-evaluation of the underlying risk factors and consideration of alternative treatment options.
Recommendations: The following recommendations are intended as a guide for clinicians in choosing a specific treatment for adults with CSA. Each
recommendation statement is assigned a strength (“Strong” or “Conditional”). A “Strong” recommendation (ie, “We recommend ...") is one that clinicians should
follow under most circumstances. A “Conditional” recommendation (ie, “We suggest ... ") is one that clinicians should offer to most patients if clinically appropriate.
Some recommendations include remarks that provide additional context to guide clinicians with the implementation of this recommendation.

1. The AASM suggests using continuous positive airway pressure over no continuous positive airway pressure in adults with CSA due to the following
etiologies: primary CSA, CSA due to heart failure, CSA due to medication or substance use, treatment-emergent CSA, and CSA due to a medical condition
or disorder. (Conditional recommendation, low certainty of evidence)

2. The AASM suggests using bilevel positive airway pressure with a backup rate over no bilevel positive airway pressure with a backup rate in adults with CSA
due to the following etiologies: primary CSA, CSA due to medication or substance use, treatment-emergent CSA, and CSA due to a medical condition or
disorder. (Conditional recommendation, very low certainty of evidence)

3. The AASM suggests against the use of bilevel positive airway pressure without a backup rate in adults with CSA due to the following etiologies: primary
CSA, CSA due to heart failure, CSA due to medication or substance use, treatment-emergent CSA, and CSA due to a medical condition or disorder.
(Conditional recommendation, very low certainty of evidence)

4. The AASM suggests using adaptive servo-ventilation over no adaptive servo-ventilation in adults with CSA due to the following etiologies: primary CSA,
CSA due to heart failure, CSA due to medication or substance use, treatment-emergent CSA, and CSA due to a medical condition or disorder. (Conditional
recommendation, low certainty of evidence)

Remarks: Prior to initiation of adaptive servo-ventilation, patient-provider shared decision-making is recommended, and treatment decisions should be
based on expectations of symptomatic or quality-of-life improvement. Treatment with adaptive servo-ventilation in patients with heart failure with reduced
gjection fraction should be limited to centers with experience, along with close monitoring and follow-up.

5. The AASM suggests using low-flow oxygen over no low-flow oxygen in adults with CSA due to heart failure. (Conditional recommendation, low certainty of
evidence)

6. The AASM suggests using low-flow oxygen over no low-flow oxygen in adults with CSA due to high altitude. (Conditional recommendation, very low
certainty of evidence)

Remarks: Patients with transient and mild CSA symptoms at high altitude may reasonably decline treatment with low-flow oxygen.
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7. The AASM suggests using oral acetazolamide over no acetazolamide in adults with CSA due to the following etiologies: primary CSA, CSA due to heart
failure, CSA due to medication or substance use, treatment-emergent CSA, and CSA due to a medical condition or disorder. (Conditional recommendation,

low certainty of evidence)

8. The AASM suggests using oral acetazolamide over no acetazolamide in adults with CSA due to high altitude. (Conditional recommendation, very low certainty

of evidence)

9. The AASM suggests using transvenous phrenic nerve stimulation over no transvenous phrenic nerve stimulation in adults with CSA due to the following
etiologies: primary CSA and CSA due to heart failure. (Conditional recommendation, very low certainty of evidence)
Remarks: Given that transvenous phrenic nerve stimulation requires an invasive procedure, is not universally accessible, and is associated with high costs,

it may be more appropriate to consider other treatments first.
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This clinical practice guideline (CPG) updates the previously
published American Academy of Sleep Medicine (AASM) prac-
tice parameters on the treatment of central sleep apnea (CSA)
syndromes and reflects current recommendations of the
AASM."? Since these publications, the AASM has modified its
development of CPGs according to the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE)
process.” Several notable developments have taken place since
the publication of the previous guidelines, including newly pub-
lished studies on adaptive servo-ventilation (ASV) and the intro-
duction of phrenic nerve stimulation as a novel therapy for CSA.
CSA is a form of sleep-disordered breathing in which an
absence or reduction in effort is coupled with a corresponding
change in airflow.* CSA is not a single disorder but represents
central breathing instability in various clinical conditions,
including heart failure (HF), obstructive sleep apnea (OSA),
and opioid analgesic use. The sleep state (specifically, non-
rapid eye movement sleep) removes the wakefulness “drive to
breathe,” rendering respiration critically dependent on the
partial pressure of carbon dioxide (PaCO,) and unmasking
the hypocapnic apneic threshold. Accordingly, central apnea
results from transient cessation of ventilatory motor output,
which occurs when inhibitory influences promoting instability
predominate over excitatory influences favoring stable breath-
ing. The pathogenesis of CSA can vary depending on the under-
lying clinical condition. The majority of central apnea is a
posthyperventilation phenomenon. Hypoventilation disorders
are not considered under the rubric of CSA. The final common
pathway involves posthyperventilation hypocapnia, which
leads to central apnea. The development and persistence of
CSA through multiple mechanisms exemplify the concept of
“equifinality,” where central apnea can be triggered by distinct
etiological pathways. Current classification focuses on compo-
nents of the ventilatory loop, increased controller gain or plant
gain. Opioid-associated CSA may have unique pathways in
addition to the ventilatory loop in that the breathing pattern can
occur with a depressed central respiratory drive and decreased
chemosensitivity, unlike the increased chemosensitivity present
in other types of CSA such as hypoxia or HF-related CSA. This
pathophysiological heterogeneity may account for the diverse
clinical presentations of CSA and the lack of a universally
effective treatment for all patients.” The management strategy
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should consider polysomnographic findings, individual patient
factors, and the underlying conditions, which should be
addressed as a key component of the therapeutic plan.

The International Classification of Sleep Disorders, third edi-
tion, text revision classifies CSA in adults into 6 categories: pri-
mary CSA, CSA with Cheyne—Stokes respiration (frequently due
to underlying HF), CSA due to a medication or substance, CSA
due to a medical disorder without Cheyne—Stokes, treatment-
emergent CSA, and CSA due to high altitude.” Though the defini-
tion of CSA requires that > 50% of respiratory events be central
in nature, in some patients the true nature of the sleep-related
breathing disorder (whether central or obstructive) cannot be
determined with confidence during routine polysomnography (ie,
without the use of esophageal pressure monitoring). This is espe-
cially true of patients whose respiratory events are predominantly
hypopneas.® As such, the true classification of the underlying
sleep-related breathing disorder can be challenging in the clinical
setting. In addition, patients frequently present with mixed disor-
ders, in which both obstructive and central events occur, and the
choice of treatment should address both disorders, if present.

CSA is associated with sleep fragmentation, daytime sleepi-
ness, insomnia, and poor quality of life and may portend a poor
clinical outcome. In addition, CSA can be associated with sig-
nificant adverse clinical consequences, including increased
mortality and hospitalization in patients with HF.”*® In a recent
21-year retrospective study of the Veterans Health Administra-
tion’s electronic medical records, almost one fifth of patients
with CSA died within 5 years of diagnosis.” As the accompany-
ing systematic review'® demonstrates, treatment of CSA is war-
ranted to mitigate long-term adverse consequences.

CSA remains a poorly understood and sometimes misinter-
preted disorder, particularly in terms of its mechanisms, clinical
manifestations, and treatment indications.'" Significant knowledge
gaps in the pathogenesis of the respiratory control instability
underlying CSA hinder the development of a pathogenesis-based
classification system. This lack of understanding also complicates
the identification of clinical and physiological factors that contrib-
ute to the onset of CSA across different health conditions.

The aforementioned knowledge gaps present 2 major chal-
lenges. First, the current classification relies on clinical presenta-
tion rather than underlying pathophysiology. Polysomnographic
criteria for CSA classification, particularly hypopnea scoring, are
inconsistently applied in clinical practice and were seldom used in
the studies reviewed by the task force (TF). Second, treatment
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options targeting specific mechanistic pathways of CSA are
limited. There is a lack of treatment strategies based on precise
pathophysiological traits of individual CSA syndromes. These
challenges and limitations have impeded progress in the field for
decades, leading to a narrow range of treatment options for
patients with CSA.

These guidelines are limited by the quantity, quality, and
variability of available studies. CSA is less common and less
well understood than OSA, and consequently there are fewer
studies and investigations on the disorder. This lack of research
has been further compounded by recent clinical trials in both
CSA and OSA, which failed to demonstrate survival benefits,
though improvement in several intermediate outcomes (eg,
quality of life, sleepiness) were reported with treatment
and supported these recommendations.'*'® Considering the
limited number of studies available for certain patient popula-
tions and the shared pathophysiological mechanisms across
various types of CSA, the TF aimed to group studies that evalu-
ated similar treatments across different CSA subtypes (see
Table 1). When appropriate, the TF reviewed both individual
and grouped data to provide a more comprehensive assessment

of treatment effectiveness and enhance confidence in clinically
relevant recommendations.

This guideline, in conjunction with the accompanying systematic
review,'® provides a comprehensive update of the available evi-
dence and a synthesis of clinical practice recommendations for the
treatment of CSA. It is intended to optimize patient-centric care
by broadly informing clinicians who care for patients with CSA.

The AASM commissioned a TF of sleep medicine clinicians with
expertise in CSA along with guideline methodologists. The TF was
required to disclose all potential conflicts of interest, per the
AASM’s conflicts of interest policy, prior to being appointed to the
TF and throughout the research and writing of these documents. In
accordance with the AASM’s conflicts of interest policy, TF mem-
bers with a Level 1 conflict were not allowed to participate. TF
members with a Level 2 conflict were required to recuse them-
selves from any related discussion or writing responsibilities. All
relevant conflicts of interest are listed in the Disclosures section.

Table 1—Summary of recommendations.

Intervention Recommendation

Overall Certainty

of the Evidence Population

CPAP vs no CPAP Conditional for

HDOO o Primary CSA

o CSA due to heart failure

e CSA due to medication or substance use
o Treatment-emergent CSA

e CSA due to a medical condition or disorder

BPAP with a backup rate vs no BPAP with a
backup rate

Conditional for

OO0 e Primary CSA
o CSA due to medication or substance use
o Treatment-emergent CSA

e CSA due to a medical condition or disorder

BPAP without a backup rate Conditional against

HOOO e Primary CSA

e CSA due to heart failure

o CSA due to medication or substance use
o Treatment-emergent CSA

o CSA due to a medical condition or disorder

ASV vs no ASV Conditional for

HBOO o Primary CSA

e CSA due to heart failure

e CSA due to medication or substance use
o Treatment-emergent CSA

o CSA due to a medical condition or disorder

Low-flow oxygen vs no low-flow oxygen Conditional for

SDPOO e CSA due to heart failure

Low-flow oxygen vs no low-flow oxygen Conditional for

OO0 o High altitude*

Acetazolamide vs no acetazolamide Conditional for

HDPOO e Primary CSA

e CSA due to heart failure

e CSA due to medication or substance use
o Treatment-emergent CSA

e CSA due to a medical condition or disorder

Acetazolamide vs no acetazolamide Conditional for

HSO00 o High altitude*

TPNS vs no TPNS Conditional for

HOOO e Primary CSA

e CSA due to heart failure

*Recent ascent to high altitude (at least 2,500 m [8,202 feet]). Grading of Recommendations Assessment, Development and Evaluation certainty of evidence:
DDOO =low, BOOO = very low. ASV = adaptive servo-ventilation, BPAP = bilevel positive airway pressure, CPAP = continuous positive airway pressure,

CSA = central sleep apnea, TPNS = transvenous phrenic nerve stimulation.

Journal of Clinical Sleep Medicine, Vol. 21, No. 12

2183

December 1, 2025



Copyright © American Academy of Sleep Medicine

The TF conducted a systematic review of the published scien-
tific literature, focusing on patient-oriented, clinically relevant
outcomes. The key terms, search limits, and inclusion/exclusion
criteria specified by the TF are detailed in the supplemental mate-
rial of the accompanying systematic review.'® The purpose of
the review was to determine whether the interventions provided
clinically meaningful improvements in relevant outcomes in rela-
tion to no treatment. The TF set a clinically meaningful threshold
(CMT) for each outcome to determine whether the mean differ-
ences between treatment and control or before and after treatment
in the outcomes assessed were clinically meaningful.'® The fol-
lowing critical outcomes were identified for decision-making:
(1) excessive sleepiness; (2) disease severity (in order of impor-
tance: apnea-hypopnea index [AHI], central apnea index [CAI],
central apnea-hypopnea index [CAHI], oxygen desaturation
index [ODI]); (3) cardiac outcomes (6-minute walk distance,
New York Heart Association class); (4) patient-reported sleep
quality; (5) hospitalizations; and (6) mortality. Adverse events
within the accepted literature were included in assessing the
balance of beneficial and harmful effects. When the available
evidence was not sufficient, other important outcomes were con-
sidered for decision-making. The clinical practice recommenda-
tions were then developed according to the GRADE process.>'*
The TF assessed the following 4 components to determine the
direction and strength of a recommendation: certainty of evi-
dence, balance of beneficial and harmful effects, patient values
and preferences, and resource use. Additionally, the impact on
equity, feasibility, and acceptability was discussed. There was no
direct evidence regarding health equity. Details of these assess-
ments can be found in the accompanying systematic review. Tak-
ing these major factors into consideration, each recommendation
statement was assigned a strength (“Strong” or “Conditional”).
Additional information is provided in the form of “Remarks”
immediately following the recommendation statements, when
deemed necessary by the TF. Remarks are based on the evidence
evaluated during the systematic review and are intended to pro-
vide context for the recommendations and to guide clinicians in
the implementation of the recommendations in daily practice.

This CPG reflects the evidence and state of knowledge at the
time of the last literature search, February 2025. Scoping litera-
ture searches are performed every 1 to 2 years on all published
AASM CPGs to review new evidence. Based on this review,
updates may be made if there are significant changes in areas
such as the available interventions, outcomes of interest (or
values placed on outcomes), or evidence regarding the existing
benefits and harms. The ultimate judgment regarding the suit-
ability of any specific recommendation requires the clinician to
use clinical knowledge and experience and strongly consider
the individual patient’s values and preferences to determine the
best course of action.

The following clinical practice recommendations are based on
a systematic review and evaluation of evidence using the
GRADE process. The implications of the strength of recom-
mendations for guideline users are summarized in Table 2.
Remarks are provided to guide clinicians in the implementation
of these recommendations.

The following good practice statement is based on expert con-
sensus, and its implementation is necessary for the appropriate
and effective management of patients with CSA. The optimal
approach to CSA treatment should incorporate clinical features,
comorbid conditions, and polysomnographic findings in an
individualized manner. Specifically, clinicians must prioritize
optimizing therapy for the underlying condition and improving
patient-reported outcomes rather than solely focusing on elimi-
nating disordered breathing events. Once therapy for CSA has
been initiated, persistence of central respiratory events should
prompt re-evaluation of the underlying risk factors and consid-
eration of alternative treatment options.

Table 2—Implications of strong and conditional recommendations for users of American Academy of Sleep Medicine clinical practice

guidelines.

User Strong Recommendations: “We Recommend ...” Conditional Recommendations: “We Suggest ...”

Clinicians Almost all patients should be offered the recommended | Most patients should be offered the suggested course of action;
course of action. Adherence to this recommendation however, different choices may be appropriate for different patients.
could be used as a quality criterion or performance The clinician must help each patient determine if the suggested
indicator. course of action is clinically appropriate and consistent with their

values and preferences.
Patients Almost all patients should be offered the recommended | Most patients should be offered the suggested course of action, though

course of action, although a small proportion of
patients would not choose it.

some may not choose it. Different choices may be appropriate for
different patients. The patient should work with their clinician to
determine if the suggested course of action is clinically appropriate
and consistent with their values and preferences.

Policy makers | The recommended course of action can be adopted
as policy for most situations. Adherence to the
recommended course of action could be used as a

quality criterion or performance indicator.

The ultimate judgment regarding the suitability of the suggested course
of action must be made by the clinician and patient together, based
on what is best for the patient. This decision-making flexibility should
be accounted for when establishing policies.
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Recommendations with sufficient evidence for specific interven-
tions for the treatment of adults with CSA are presented below
and summarized in Table 1. Remarks are provided to guide clini-
cians in the implementation of these recommendations. The
TF assessed effectiveness for the treatment of CSA in adults
based on the following critical outcomes: excessive sleepiness,
disease severity (AHI, CAl, CAHI, ODI), cardiac outcomes,
hospitalizations, mortality, daytime functioning, and quality of
life. Consistent with patients’ values, the TF placed a high impor-
tance on symptom relief and improvement in quality of life even
in instances of no direct evidence to show improvement in mor-
tality. Therefore, treatment with the following modalities should
be considered. Hypoventilation disorders were not addressed by
this guideline.

Conditional recommendations

Recommendation 1: The AASM suggests using continuous
positive airway pressure (CPAP) over no CPAP in adults
with CSA due to the following etiologies: primary CSA, CSA
due to HF, CSA due to medication or substance use,
treatment-emergent CSA, and CSA due to a medical
condition or disorder. (Conditional recommendation, low
certainty of evidence)

The TF identified 11 randomized controlled trials (RCTs) rang-
ing from 1 night to 6 months. The pooled results demonstrated
clinically meaningful improvements in disease severity (AHI).
The pooled results for excessive sleepiness, disease severity
(CAI), cardiac outcomes, hospitalizations, and mortality did not
meet the CMT. The potential benefits of CPAP had a small
effect size. No serious adverse events were reported in the stud-
ies included. The undesirable effect size was deemed trivial.
The TF judged the potential benefits of CPAP outweigh the
potential harms.

The overall certainty of evidence was low due to impreci-
sion. The cost of CPAP was determined to be moderate. There
was no direct evidence of the impact of CPAP on health equity,
because cost varies depending on insurance coverage and
access to sleep centers. The intervention was determined to be
acceptable and feasible to implement.

Recommendation 2: The AASM suggests using bilevel
positive airway pressure (BPAP) with a backup rate over no
BPAP with a backup rate in adults with CSA due to the
following etiologies: primary CSA, CSA due to medication
or substance use, treatment-emergent CSA, and CSA due to
a medical condition or disorder. (Conditional recommendation,
very low certainty of evidence)

The TF identified 6 RCTs and 3 observational studies ranging
from 1 night to 6 months of treatment. The pooled estimates dem-
onstrated clinically meaningful improvements in excessive sleepi-
ness, disease severity (AHI, CAI, CAHI), and cardiovascular
disease with a small effect size. Small undesirable effects related
to the mask interface were reported anecdotally in a few patients,
and 1 patient (of the 128 total participants who enrolled and
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completed treatment in the 9 studies) was reported to have died
due to cardiovascular causes. The TF judged that the potential
benefits of BPAP with a backup rate outweigh the potential
harms.

The overall certainty of evidence was very low due to impre-
cision. The cost of BPAP with a backup rate was considered
moderate. There was no direct evidence that the BPAP with a
backup rate would affect health equity; however, due to payor
coverage variability, the intervention might reduce health
equity. Treatment with BPAP with a backup rate was found to
be acceptable and probably feasible to implement.

Recommendation 3: The AASM suggests against the use of
BPAP without a backup rate in adults with CSA due to the
following etiologies: primary CSA, CSA due to HF, CSA due
to medication or substance use, treatment-emergent CSA,
and CSA due to a medical condition or disorder. (Conditional
recommendation, very low certainty of evidence)

The TF identified 1 RCT of bilevel without a backup rate. How-
ever, this study used a very modest level of pressure support to
provide comfort that can be considered more similar to present-
day CPAP with modified pressure relief settings. The results
demonstrated clinically meaningful improvements in disease
severity (AHI, CAI) and cardiac outcomes after 3 months of
treatment, with a small effect size. However, extensive litera-
ture shows that BPAP without a backup rate can induce CSA
and periodic breathing if excessive pressure support is pro-
vided."”™"” Although these studies were conducted in healthy
individuals or those with OSA, they provide indirect evidence
regarding the potential harms of BPAP without a backup rate in
adults with CSA. Thus, the undesirable effect size was deemed
to be large.

The TF judged that the potential harms of BPAP without a
backup rate outweigh the potential benefits. The certainty of the
evidence was rated as very low due to indirectness and impreci-
sion. The cost of the treatment was considered moderate. BPAP
was determined to be feasible to implement. There was no
direct evidence that the treatment would reduce health equity,
but it may not be acceptable.

Recommendation 4: The AASM suggests using ASV over no ASV
in adults with CSA due to the following etiologies: primary CSA,
CSA due to HF, CSA due to medication or substance use,
treatment-emergent CSA, and CSA due to a medical condition or
disorder. (Conditional recommendation, low certainty of evidence)

Remarks: Prior to initiation of ASV, patient—provider shared
decision-making is recommended, and treatment decisions
should be based on expectations of symptomatic or quality-of-
life improvement. Treatment with ASV in patients with HF with
reduced ejection fraction (HFrEF) should be limited to centers
with experience, along with close monitoring and follow-up.
The TF identified 12 RCTs ranging from 1 night to 5 years.
The pooled estimates demonstrated clinically meaningful
improvements in disease severity (AHI, CAI, CAHI). The TF
reviewed the pooled estimate on all-cause mortality and cardio-
vascular mortality in all RCTs, specifically in patients with
HFrEF. There was no change in mortality with ASV. The
pooled results for excessive sleepiness, cardiovascular disease,
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hospitalizations, and patient-reported sleep quality did not meet
the CMT. The TF also considered the effect of ASV on poly-
somnographic sleep architecture parameters and found a clini-
cally meaningful effect on the arousal index. The potential
benefits of ASV had a moderate effect size. The undesirable
effect size was deemed small. The TF judged the potential ben-
efits of ASV to outweigh the potential harms.

The overall certainty of evidence was low and was down-
graded due to imprecision and risk of bias. The cost of ASV
was considered moderate. There was no direct evidence that
ASYV would affect health equity; however, due to payor cover-
age variability and the need to access a sleep lab, the interven-
tion might reduce health equity. Treatment with ASV was
found to be acceptable and probably feasible to implement.

Recommendation 5: The AASM suggests using low-flow
oxygen over no low-flow oxygen in adults with CSA due to
HF. (Conditional recommendation, low certainty of evidence)

The TF identified 7 RCTs and 3 observational studies. The study
duration varied from 1 night to 1 year. The pooled estimates dem-
onstrated clinically meaningful improvement in disease severity
(AHI, CAI). The pooled results for excessive sleepiness and car-
diovascular disease (6-minute walk distance) did not meet the
CMT. There were reduced hospitalizations and improvements in
patient-reported sleep quality, as measured by outcomes without
prespecified CSTs. Though limited effects were seen on patient-
related outcomes, a small effect size was seen on sleep-disordered
breathing events. The TF identified 2 RCTs that reported on the
presence of adverse events related to cardiac events. The undesir-
able effect size was deemed trivial. The TF judged that the poten-
tial benefits of low-flow oxygen outweigh the potential harms.

The overall certainty of evidence was low due to imprecision
in both randomized and observational studies. All judgments
were based on the studies evaluating low-flow oxygen treat-
ment. The recommendation was limited to CSA in HF given the
insufficient evidence in other forms of CSA. The cost of low-
flow oxygen was considered moderate. There was no direct evi-
dence that the low-flow oxygen would affect equity. However,
it may not be covered by all payors and might reduce health
equity. Treatment with low-flow oxygen was found to be
acceptable and feasible to implement.

Recommendation 6: The AASM suggests using low-flow
oxygen over no low-flow oxygen in adults with CSA due to
high altitude. (Conditional recommendation, very low
certainty of evidence)

Remarks: Patients with transient and mild CSA symptoms at high
altitude may reasonably decline treatment with low-flow oxygen.
The TF identified 1 randomized cross-over study of healthy
volunteers at 3,800 m ascension and found a single night of low-
flow oxygen therapy led to a clinically meaningful improvement
in disease severity (ODI) after a single night of treatment. There
were improvements in daytime functioning and quality of life for
which there were no prespecified CMTs. However, there was no
clinically meaningful improvement in excessive sleepiness. The
potential benefits of low-flow oxygen had a moderate effect size.
No adverse events were reported. The undesirable effect size was
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deemed trivial. The TF judged that the potential benefits of low-
flow oxygen outweigh the potential harms.

The overall certainty of evidence was very low due to impre-
cision and risk of bias. The cost of the treatment was considered
moderate. There is no direct evidence that the treatment would
affect equity. However, low-flow oxygen may not be covered
by all payors and might reduce health equity. There may be
important uncertainty and variability about the value of out-
comes depending on time spent and activities planned at alti-
tude. The intervention was determined to be acceptable and
probably feasible to implement.

Recommendation 7: The AASM suggests using oral
acetazolamide over no acetazolamide in adults with CSA
due to the following etiologies: primary CSA, CSA due to HF,
CSA due to medication or substance use, treatment-emergent
CSA, and CSA due to a medical condition or disorder.
(Conditional recommendation, low certainty of evidence)

The TF identified 3 RCTs where the study duration varied from 3
to 6 nights. The participants in the studies received a dosage of
acetazolamide ranging from 250—1,000 mg. The pooled estimates
showed clinically meaningful improvements in excessive sleepi-
ness and disease severity (AHI) with no meaningful improvement
in cardiovascular parameters. The potential benefits of acetazol-
amide had a moderate effect size. The undesirable effects were
considered trivial and included paresthesia of hands and feet,
impaired taste, and increased diuresis. The TF judged that the
potential benefits of acetazolamide outweigh the potential harms.

The overall certainty of evidence was low due to imprecision.
The cost of medication was considered negligible; the intervention
was determined to be feasible to implement and acceptable. There
was no direct evidence that the treatment would affect equity.

Recommendation 8: The AASM suggests using oral
acetazolamide over no acetazolamide in adults with CSA
due to high altitude. (Conditional recommendation, very low
certainty of evidence)

The TF identified 2 RCTs that demonstrated a clinically mean-
ingful improvement in disease severity (AHI, desaturation index)
and sleep architecture following 1-2 nights of treatment with
250 mg of acetazolamide. The potential benefits of acetazol-
amide had a moderate effect size. The undesirable effects were
considered trivial and included paresthesia of hands and feet,
impaired taste, and increased diuresis. The TF judged that the
potential benefits of acetazolamide outweigh the potential harms.

The overall certainty of evidence was very low due to impre-
cision and indirectness. The cost of medication was considered
negligible. There was no direct evidence that the treatment
would affect health equity. The intervention was determined to
be acceptable and feasible to implement.

Recommendation 9: The AASM suggests using transvenous
phrenic nerve stimulation (TPNS) over no TPNS in adults
with CSA due to the following etiologies: primary CSA and
CSA due to HF. (Conditional recommendation, very low
certainty of evidence)

Remark: Given that TPNS requires an invasive procedure, is
not universally accessible, and is associated with high cost, it
may be more appropriate to consider other treatments first.
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The TF identified 1 RCT, 4 observational studies, and 5 sub-
group post hoc analyses and long-term follow-ups stemming
from the RCT. The follow-up period was 6 months in the origi-
nal RCT and 1 night to 12 months in the observational studies.
Subgroups of the RCT were followed for 1, 3, and 5 years. The
results demonstrated clinically meaningful improvement in
excessive sleepiness, disease severity (CAl), and cardiac out-
comes (6-minute walk distance) but no effect on mortality and
left ventricular ejection fraction. The potential benefits of
TPNS had a moderate effect size. Undesirable effects were con-
sidered small and included impending device pocket erosion,
implant site hematoma and infection, lead dislodgment, lead
displacement, and lead component failure. The TF judged that
the potential benefits of TPNS outweigh the potential harms.

The overall certainty of evidence was very low due to impre-
cision in both randomized and observational studies. Although
there was no direct evidence that the treatment would affect
equity, due to its high cost, the need for a subspecialty cardiol-
ogy service, and additional training of sleep technologists
and physicians, the intervention might decrease overall health
equity or disproportionately affect certain groups. The interven-
tion’s feasibility was thought to be low due to the resources
needed to build the required infrastructure, including the avail-
ability of trained electrophysiologists capable of inserting the
devices.

No recommendations (or knowledge gap)

The TF used “no recommendation” when there was value in the
findings but thought further research and innovation for this
intervention is needed. There was insufficient and inconclusive
evidence to make recommendations for the following: zolpidem
or other hypnotics; BPAP with a backup rate in CSA due to HF;
low-flow oxygen in primary CSA, CSA due to medication or
substance, and treatment-emergent CSA; TPNS in CSA due to
medication or substance and treatment-emergent CSA. The evi-
dence is reported in the accompanying systematic review and
supplemental materials.

CSA remains a challenge for clinicians in both diagnosis and
management.'® Most forms of CSA, with the possible excep-
tion of opioid-induced CSA, share a common mechanism
involving oscillatory ventilatory drive. This is typically caused
by hyperpnea and increased chemosensitivity to carbon diox-
ide, which leads to recurrent central respiratory events during
sleep.

The paucity of studies in every patient population and the
shared pathogenesis necessitated grouping data across CSA
subtypes with similar treatments. Safety data from studies on
HF-associated CSA were used as a proxy to assess the safety of
treatments in other CSA subtypes. The TF found this approach
valuable for confirming the safety of interventions and the
direction of their impact on specific outcomes. Nonetheless, the
recommendations were still tailored to address individual CSA
syndromes wherever possible.
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In its comprehensive review of the literature, the TF noted
that studies evaluating treatment of CSA remain dominated by
short-term (weeks to months) studies evaluating positive airway
pressure (PAP) devices, especially CPAP and ASV. The TF
rarely encountered a trial that addressed long-term multiyear
outcome of treatment with any modality. Furthermore, very few
studies were powered to address long-term outcomes of interest
such as mortality as identified during the planning phase of the
systematic review.'® The TF, therefore, attempted whenever
possible to consider the longest available duration of therapy of
any evaluable outcome.

Following the GRADE methodology,” the overall certainty
of the evidence was low or very low across critical outcomes
due to risk of bias, indirectness, and/or imprecision. The
strength of the recommendations reflected the extent to which
the TF was confident that the desirable effects of an interven-
tion outweighed the undesirable effects, or vice versa, across
the range of subgroup populations for whom the recommenda-
tion is intended. The smaller the net benefit or harm and the
lower the certainty of evidence about the net effect, the more
likely the TF was to conclude that a conditional recommenda-
tion for or against the intervention, as opposed to a strong rec-
ommendation, was appropriate. The balance of effect (desirable
and undesirable effect) was assessed alongside values of people
affected and resource use.

Finally, an important consideration when evaluating the lit-
erature and the TF’s recommendation is the heterogeneity of
the definition used for the classification of CSA and the exclu-
sion of OSA in most studies.'® Studies used various cutoffs of
central to obstructive event ratios, resulting in some studies
including patients who would be classified as having OSA
under the current scoring criteria.'” This practice may, to some
extent, improve the “real world” relevance of the findings.

Despite the slow progress in CSA research, the period since
the last AASM guidelines on CSA was notable for 2 important
developments featured in these guidelines. The first is the
development of the TPNS, a fully implantable neurostimulator
that became approved by the Food and Drug Administration
and commercially available (Remede, Zoll) in 2016. The sec-
ond is the publication of a trial'? addressing the safety and effi-
cacy of a peak-flow-based ASV device in patients with HFrEF.
These 2 developments underpin the major updates to the guide-
lines and are further discussed below.

PAP therapies

CPAP continues to be widely used for CSA. In its review of the
literature, the TF found that available studies investigating
CPAP in patients with CSA have shown decreased AHL>"?°
but only 1 study reported the effect of CPAP on central events
specifically. Although CPAP has been used for CSA of varied
etiologies, there is no established or widely accepted mecha-
nism of action in any of these settings. A key question is
whether CPAP’s effects are mediated by the prevention of
upper airway obstruction or by stabilizing the ventilatory con-
trol system. Overall, the TF found that the level of evidence
was weak, which is reflected by the recommendation. Given
that CPAP is widely available, and most sleep clinicians and
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teams have extensive experience in its administration and man-
agement, it is a reasonable first consideration despite the weak
evidence. However, given that CPAP is only effective at reduc-
ing AHI and has not been shown to consistently reduce the cen-
tral events, it is critical to confirm responsiveness with sleep
testing and review of PAP-generated data if this modality is
used. Persistence of central apnea after an appropriate trial
period of CPAP may warrant consideration of an alternative
treatment modality.

BPAP without a backup rate is often initiated during PAP
titration studies when CPAP alone fails to control central apnea.
However, this mode is likely to worsen central apnea during
sleep.'® In fact, BPAP is often used as an experimental inter-
vention to induce central apnea and periodic breathing during
sleep.'” Therefore, the TF recommended against using BPAP
without a backup rate for treatment of CSA. Although BPAP
inhibits ventilatory motor output, and hence may trigger central
apnea, adding a backup rate renders the device a form of con-
trolled ventilation and prevents the development of CSA. The
initiation of BPAP with a backup rate is a pragmatic decision
anchored in the need to treat the underlying condition. Expiratory
PAP eliminates upper airway obstruction, which commonly
coexists with CSA. Adding the combination of inspiratory PAP
and a backup rate ensures a minimum level of ventilation, in
contrast to BPAP without a backup rate, which may have the
potential for exacerbating hyperventilation, central apneas, and
hypocapnia.'>'® BPAP with backup rate should be initiated
based on a properly conducted PAP titration study that ensures
stable breathing and control of airway patency. Routine monitor-
ing of patients’ response with review of device download, along
with ventilatory and chemical parameters, is recommended.

Since its introduction, ASV has been highly effective in con-
trolling central apneas in patients with various causes of CSA.
However, enthusiasm for ASV decreased following the publi-
cation of the SERVE-HF trial,?® an RCT that evaluated ASV in
patients with HFrEF and found evidence of harm. The trial was
designed to test the hypothesis that this device would decrease
the composite end point that included mortality and cardiovas-
cular events. The trial did not meet the primary end point. Fur-
ther exploratory analysis showed an increased cardiovascular
and all-cause mortality rate in the treatment group, raising con-
cerns about the safety of ASV, and leading to the manufac-
turer’s issuing a field safety notice’” recommending against
using ASV in patients with HFrEF and CSA."

The TF faced the challenge of addressing the duality of a
device that combined high efficacy and concern regarding
increased mortality. Specifically, several RCTs demonstrate
evidence of ASV’s efficacy in decreasing disease severity,
corroborated by evidence of improved quality of life and patient-
reported outcomes in observational studies.”® " The TF delib-
erations were informed by a subsequent study using a different
ASV device.'> However, given the previously reported potential
for harm using another type of ASV device, the TF decided to
evaluate the class effect of ASV in patients with HFrEF and
CSA. The TF approached the question with a hypothesized
increased mortality and the expectation to confirm this effect as
reported by SERVE-HF. Four published RCTs reported mortal-
ity.'® Meta-analysis using GRADE methodology did not show
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any effect on mortality in patients with HFTEF and CSA. The
finding was corroborated by the evaluated large observational
studies.*' > Furthermore, the meta-analyses confirmed mean-
ingful improvement in disease severity (AHI, ODI, CAI, CAHI,
time with oxygen saturation < 90%, etc), whereas clinically
meaningful improvement in daytime sleepiness was noted only
in observational cohorts. Thus, it is the TF’s assessment that the
totality of the evidence warrants a conditional recommendation
for ASV.

The systematic review did not support a class effect of ASV
on mortality in patients with HFrEF. However, the analysis and
the individual trials do not allow an unambitious conclusion
regarding each type of ASV modality. The TF cannot therefore
recommend a specific ASV device based on the available litera-
ture. However, the TF calls on device manufacturers, regula-
tors, and federal funding agencies to sponsor research that can
shed light on all aspects of CSA pathophysiology and the effi-
cacy of ASV as well as other devices in patients with CSA.
Complex ventilatory assist devices, such as ASV, have been
produced by different manufacturers, each using their proprie-
tary algorithm. These devices are rarely subjected to rigorous
comparative bench or clinical evaluation. An important recent
study®* highlighted differences in the performance of various
ASV devices in response to simulated respiratory events, dem-
onstrating significant variability in delivered therapy based on
the device algorithm. One of these ASV devices was used in the
ADVENT trial'? with no associated harm in patients with
HFrEF.

Given these evidence gaps, the TF emphasizes caution in
using ASV for CSA treatment in patients with HFTEF by
recommending regular monitoring in specialized sleep centers
with expertise in these devices and in the management of HF.
The TF also calls for further mechanistic research and urges
funding agencies to support studies evaluating the safety and
efficacy of ASV as well as other treatment modalities for CSA.
The TF also strongly advises clinicians to engage in shared
decision-making with patients, providing detailed discussions
of the existing literature to inform treatment decisions.

A more recent hypothesis® suggests that Cheyne—Stokes
respiration may be a compensatory or less harmful form of
CSA or sleep-disordered breathing, potentially explaining the
results of a trial evaluating ASV in CSA that did not show clini-
cal benefit. However, this hypothesis needs to be tested and, if
proven, can apply to all treatment modalities of CSA and not
specifically ASV.

Oxygen
Supplemental oxygen as treatment for CSA has been a subject
of interest since the late 1980s. Several small RCTs and obser-
vational studies evaluated low-flow oxygen. Most of these
studies had at least 8 weeks of follow-up allowing for evalua-
tion of patient-reported outcome measures. Nevertheless, there
were no reported benefits in sleepiness, insomnia, or exercise
performance.

The individual response regarding breathing disturbances,
symptoms, and consequences of the disease should be
re-evaluated before prescribing oxygen over the long term.
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Because oxygen treatment is available in many health care sys-
tems, this treatment option is clinically relevant. On the other
hand, oxygen is currently not covered by all insurance compa-
nies, which limits patients’ access to this option. Based on the
reviewed evidence and these considerations, the TF provided a
low certainty recommendation in favor of using low-flow oxy-
gen for CSA in HF.

Acetazolamide

Evidence to support the role of acetazolamide in CSA was lim-
ited for primary CSA, CSA due to HF, CSA due to medication
or substance use, treatment-emergent CSA, CSA due to a medi-
cal condition or disorder, and CSA due to high altitude in
adults, where it was found to reduce the AHI. There was an
overall improvement in Epworth Sleepiness Scale scores. The
change in left ventricular ejection fraction in the CSA due to
HF group failed to meet the CMT. These results, however, are
limited to a small number of studies, with small numbers of par-
ticipants, and over a relatively short period of time (3—6 nights).
Low-dose acetazolamide is generally well-tolerated but may
cause side effects such as paresthesia, altered taste, hypokale-
mia, and, rarely, an increased risk of kidney stones. Overall, the
TF felt these side effects were trivial. Although the TF felt the
certainty of evidence for acetazolamide was low and outcomes
focused mainly on central AHI, rather than objective cardiac
markers or quality of sleep or life, they felt the balance of
effects favored the use of acetazolamide. The TF felt the cost of
acetazolamide to be negligible and the treatment to be accept-
able and feasible. There were no studies of resource require-
ments or cost-effectiveness. Given that CSA due to HF or high
altitude is characterized by hyperventilation, the TF raised con-
cerns that acetazolamide, a respiratory stimulant, may disturb
acid—base balance and electrolytes, which could lead to arrhyth-
mias. Thus, if a 2- to 4-week trial of acetazolamide was to be
considered as a replacement or additional diuretic, a follow-up
assessment of electrolytes is recommended in addition to AHI,
sleep quality, cardiac function, and side effects. The TF recom-
mended that future research of acetazolamide should include
assessment of ventilation during sleep, quality of sleep and life,
plus objective markers of cardiac function, and electrolytes.

Treatment of CSA due to high altitude

Low-flow oxygen (very low certainty) and acetazolamide (very
low certainty) have been shown to acutely reduce the severity
of CSA due to high altitude, as measured by the AHI or
ODI.***’ It is notable that reduced AHI or ODI may not neces-
sarily translate into improvements in subjective or objective
sleep quality or daytime symptoms. Given the low risk, low
cost, and feasibility of these interventions, however, the task
force felt it was reasonable to pursue low-flow oxygen or acet-
azolamide as treatment options if individuals were concerned
about developing CSA or were symptomatic with CSA at alti-
tude. Because studies typically involved only 1 or 2 nights of
therapy, the task force could not make recommendations about
the duration of therapy, especially because some individuals
may eventually acclimate over time.
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Notably, CSA due to high altitude is a transient condition
that does not always require intervention. CSA or periodic
breathing, typically occurring during non-rapid eye movement
sleep, develops commonly in those who ascend to high altitudes
(> 2,500 m), including in healthy individuals.**~** Many will
acclimate over time while at altitude with either resolution of
CSA events or resolution of sleep-related symptoms.**>* The
definitive treatment for high altitude-related CSA is descent.
CSA is thought to develop as a function of alterations in
acid—base status, chemo-responsiveness, and ventilatory con-
trol in response to high-altitude hypobaric hypoxemia.”* > The
clinical significance of CSA at altitude is unknown, though it
does not appear to be directly related to the risk of high-altitude
pulmonary or cerebral edema.’®’

It is worth noting that OSA is a highly prevalent disease that
may also worsen at altitude. There are theoretical risks whereby
CPAP use at altitude when used to treat OSA may either induce,
worsen, or improve CSA at altitude. This is an area that requires
further study because OSA is a highly prevalent disorder, and
individuals will require guidance about continuing CPAP for
OSA at altitude (as it pertains to CSA risk).

TPNS

The evidence supporting the use of TPNS primarily comes from
1 RCT that enrolled 151 participants, 64% of whom had CSA
due to HF, and 11% had primary CSA."® Patients with opioid-
related CSA were excluded from the study. Because TPNS
targets central apneas specifically, the ideal candidate for this
treatment is a patient with few obstructive events. The RCT evalu-
ated TPNS over a 6-month period, with extended follow-up
reported for smaller cohorts lasting up to 5 years.’ 860 The study
found improvements in central event indices, oxygen desaturation
index, quality of life, and several sleep architecture measures.

The cost and availability of TPNS therapy may be prohibi-
tive for many patients. Establishing a successful TPNS program
requires substantial infrastructure and training for both cardiol-
ogists (electrophysiologists) and sleep specialists to manage
these patients. The cost, invasive nature of the procedure, and
the resources needed—combined with the relatively small sam-
ple size of published studies and the lack of comprehensive
long-term follow-up—tempered the positive trial results in the
task force’s assessment. Consequently, the task force issued a
conditional recommendation for TPNS as an option for patients
with primary CSA and CSA due to HF.

Studies regarding the treatment of CSA have received substan-
tially less attention than obstructive sleep apnea. PAP, in all
its modalities, has received the lion’s share of research on
treatment modalities of CSA. However, whether long-term,
clinically important outcomes are improved remains an open
question. The introduction of TPNS provides a promising
option that awaits long-term outcome data. The guidelines are
based on relatively small studies and do not address real-world
barriers to CSA care, including variability in the diagnosis of
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CSA, device access, and insurance hurdles. Overall, limitations
in existing studies precluded strong recommendations for any
intervention and highlight the need for mechanistic studies to
identify and test optimal interventions for CSA treatment.

AASM, American Academy of Sleep Medicine

AHI, apnea-hypopnea index

ASV, adaptive servo-ventilation

BPAP, bilevel positive airway pressure

CAHI, central apnea-hypopnea index

CALl, central apnea index

CMT, clinically meaningful threshold

CPAP, continuous positive airway pressure

CPG, clinical practice guideline

CSA, central sleep apnea

GRADE, Grading of Recommendations Assessment, Develop-
ment and Evaluation

HF, heart failure

HFrEF, heart failure with reduced ejection fraction

ODI, oxygen desaturation index

OSA, obstructive sleep apnea

PAP, positive airway pressure

RCT, randomized controlled trial

TF, task force

TPNS, transvenous phrenic nerve stimulation
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