
Idiopathic Central Sleep 
Apnea

Sahan Chandrasekara, MBBS, FRACPa, Matthew T. Naughton, MD FRACPb,c,*

INTRODUCTION

Central sleep apnea (CSA), a form of sleep disor

dered breathing, in which there is a failure to drive 

ventilation. It can be either hypercapnic related 

to persistent and prolonged hypoventilation or 

normohypocapnia associated with periodic hyper 

then hypoventilation with a cycle length (ventilation 

and apnea periods) usually less than 90 seconds.1

Hypercapnic CSA occurs in patients who have 

persistent and prolonged hypoventilation over 

days, weeks or years. Etiology of such include pri

mary neuromuscular disorders (eg, motor neurone 

disease), obesity hypoventilation syndrome, dia

phragm palsy or chest wall deformity (eg, kypho

scoliosis). Hypercapnic CSA will not be discussed 

further in this article.

Periodic nonhypercapnic CSA most commonly 

occurs in the setting of heart failure, opioid anal

gesic use, continuous positive airway presure 

(CPAP) therapy (treatment emergent) or at high 

altitude in healthy subjects.2

Idiopathic central sleep apnea (ICSA) represents 

a rare subset of CSA patients with no discernible 

etiologic factor. These patients have a distinct clin

ical presentation, epidemiology and natural history. 

The American Academy of Sleep Medicine (AASM) 

divides CSA into 6 categories (Box 1).3 The biggest 

group among this is Cheyne-Stokes respiration 

with CSA (CSR-CSA), the majority of cases of which 

occur in the setting of cardiac failure.

Specifically, nonhypercapnic CSA is character

ized by at least 5 consecutive crescendo—decre

scendo patterns of ventilation each followed by a 

central apnea or hypopnea lasting greater than 

10 seconds duration. It is this nonhypercapnic 

CSA that this article will focus upon.

As will be discussed later, CSA is not a result of 

upper airway collapse and obstruction as seen 

with obstructive sleep apnoea.
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KEY POINTS

• Central sleep apnea (CSA) can be characterized as either persistent hypoventilation with hypercap

nia (eg, motor neurone disease) or periodic hyperventilation followed by a central apnoea associ

ated with normal or reduced CO2 (eg, opioids, idiopathic, and heart failure).

• Nonhypercapnic CSA, including idiopathic central sleep apnoea (ICSA), occur due to derange

ments in ventilatory control.

• ICSA describes periodic, nonhypercapnic CSA that occurs in the absence of an identifiable 

etiology.

• Polysomnographic features in ICSA include short-cycle length central apneas. Arousals have been 

noted to occur at the termination of the apnoea, rather than the peak of the hyperpnea.

• The natural history of CSA, and consequently the implications of suppressive treatment, is not well- 

understood.

• We recommend treatment of ICSA focus on identification and reversal of any metabolic/physiologic 

derangement, monitoring of symptoms and consideration of referral to an expert center.
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EPIDEMIOLOGY

The overall prevalence of nonhypercapnic CSA is 

significantly higher in men than in women. The rea

sons for this are not entirely clear. It is plausible 

that higher average inspiratory muscle strength in 

men may allow the development of hyperpneas; 

however, this hypothesis has not yet been tested. 

It is noted that altitude related periodic breathing 

occurs to a greater degree, and at a lower altitude, 

in men compared to women.4,5

PATHOPHYSIOLOGY OF NONHYPERCAPNIC 

CENTRAL SLEEP APNEA

All forms of CSA appear to share a common un

derlying pathophysiology. This is mediated by 2 

primary factors—the apneic threshold and loop 

gain.

Apnoeic Threshold

In the absence of chronic hypercapnia, ventilation 

is driven primarily by arterial carbon dioxide levels 

(PaCO2). In healthy subjects during wakefulness, 

profound hyperventilation results in hypocapnia 

and thereby apnea, due to PaCO2 drifting below 

the apneic threshold.6

During rapid eye movement (REM) sleep howev

er, multiple factors beyond a metabolic (PaCO2) 

drive are responsible for the control of ventilation. 

This helps explain the irregular rate and tidal vol

ume characteristic of REM sleep.

In contrast, in NREM sleep (especially stage 

NREM 1 and 2) ventilation is controlled tightly by 

metabolic drive, most understandably by the pre

vailing PaCO2 level. As such, the significance of 

the apneic threshold is magnified in NREM sleep. 

During normal NREM sleep, PaCO2 increases by 

up to 3 mm Hg. Normal subjects who are mechan

ically ventilated demonstrate apneas with modest 

increases in minute ventilation and reduction of 

PaCO2 back to waking levels.7 There also appears 

to be a more abrupt loss of motor output below 

the apneic threshold in NREM sleep compared to 

wakefulness.8

These phenomena are mediated by the central 

and peripheral (carotid body) chemoreceptors. 

Animal studies suggest that while both central 

and carotid body chemoreceptor stimulation is 

required to produce apnea, the effect of hypocap

nia on carotid body chemoreceptors is more 

potent.9

Loop Gain

The development of CSA is critically dependent 

upon a degree of instability in the ventilatory con

trol system. The engineering concept of loop 

gain has been used to describe this, as the ratio 

of response to a trigger.9 High loop gain describes 

a ventilatory system where the degree of ventila

tory response is greater than the preceding stim

ulus related to the period of hypoventilation and 

relative CO2 increase, which potentiates cycles 

of CSA.

There are 3 major components that contribute to 

loop gain in ventilation (Fig. 1).

• Controller gain: ventilatory response to PCO2 

and a lesser extent PO2

• Plant gain: changes in pulmonary capillary 

blood PO2 and PCO2 in response to changes 

in ventilation

• Mixing gain: the delay between gas exchange 

occurring in the pulmonary circulation and 

feedback reaching central and peripheral 

chemoreceptors

Controller Gain

Controller gain describes the responses of the 

peripheral and central chemoreceptors to PCO2/ 

PO2. Some circumstances—such as hypoxia or 

increased sympathetic activity—increase controller 

gain, that is, changes in PCO2 result in greater 

Box 1 

American Academy of Sleep Medicine 

International Classification of Sleep Disorders 

for Central Sleep Apnoea

Primary CSA

CSA with Cheyne-Stokes breathing (CSR)

CSA due to a medical disorder without CSR

CSA due to high-altitude periodic breathing

CSA due to a medication or substance

Treatment-emergent CSA (TE-CSA)

Abbreviations

AASM American Academy of Sleep Medicine

ASV adaptive servoventilation

CSA central sleep apnea

CSR-CSA Cheyne-Stokes respiration with CSA

DLCO diffusing capacity for carbon 

monoxide

ESS Epworth Sleepiness Score

FRC functional residual capacity

GABA gamma-aminobutyric acid

ICSA idiopathic central sleep apnea

NIV noninvasive ventilation

PSG Polysomnogram

TE-CSA treatment-emergent CSA

TLC total lung capacity
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changes in minute ventilation. Conversely, hyper

oxia reduces controller gain—there is a smaller de

gree of change in minute ventilation in response to 

changes in PCO2. An increased controller gain is 

present in many types of CSA, including ICSA.9

The central and peripheral chemoreceptors 

have complementary roles in modulating ventila

tory responses to arterial CO2. Peripheral chemo

receptors, the most significant of which is the 

carotid body, exhibit a rapid response (10–30 sec

onds). Central chemoreceptors exhibit a greater 

magnitude of response, but act more slowly (60– 

150 seconds)10(p6).

The Carotid Bodies

The carotid bodies have a multifaceted and central 

role in maintaining homeostasis. The functions of 

the carotid bodies are numerous, with multiple neu

ral pathways, which act in a ribbon cable type 

fashion, that is, the individual pathways may act 

independently or in tandem. Stimulation of the ca

rotid bodies results in a stimulation of afferent neu

rons terminating in the nucleus tractus solitarii and 

resulting in a peripheral chemoreflex.11

Most relevant for CSA pathogenesis, the carotid 

bodies contain multiple chemosensory units that 

detect changes in PCO2 and arterial pH. Other 

chemical stimuli include glucose, insulin, hemo

globin and lactate in addition to changes to blood 

pressure. Following a 10 to 40 second period of 

hyperventilation, a period of hypoventilation last

ing a similar period of time occurs. This hypoventi

lation results in an increase in PCO2 and decrease 

in pH, thereby stimulating the carotid body in 

which causes an increase in respiratory rate and 

tidal volume.11

The carotid bodies also initiate a chemoreflex 

in response to hypoxia—however, this only be

gins around a PO2 of 60 mm Hg. In patients 

with hypoxia and hypercapnia, the additive 

chemoreflexes produce a large stimulus to 

ventilation.10

Historically, the carotid bodies have been used 

as a therapeutic target in cardiorespiratory dis

ease, such as severe asthma before the advent 

of inhaled bronchodilators and inhaled ste

roids.12,13 More recently, carotid body resection 

has been trialed as a therapeutic option to reduce 

sympathetic drive in heart failure with reduced 

ejection fraction.14 Despite meeting the primary 

endpoint of reducing muscle sympathetic nerve 

activity, there was significant increase in resting 

PCO2.14

Fig. 1. (A–I) illustrates the control of ventilation. (A) illustrates the ventilatory response to CO2 (controller gain) 

and (B) overlays the metabolic hyperbole illustrating the effect of ventilation on CO2 (plant gain). (C) illustrates 

the change in chemosensitivity from wake to sleep and the impact upon ventilation (D, E). (F) illustrates the effect 

of an arousal on chemosensitivity and increase in minute ventilation, thereby reducing CO2 (G, H) followed by a 

further arousal (I).
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Central Chemoreceptors

Central chemoreceptors are present in multiple 

locations in the hindbrain. Unlike the carotid 

bodies, central chemoreceptors are not sensitive 

to hypoxia. Rather, they are activated by changes 

in cerebrospinal fluid CO2 and pH. Along with the 

neural pathways from the carotid bodies, central 

chemoreceptors project to the dorsal respiratory 

group and ventral respiratory group in the 

medulla10(p6),.15

Plant Gain

Plant gain describes the relationship between 

ventilation and capillary PCO2/PO2. As minute venti

lation falls, PCO2 increases. Moreover, patients 

with a higher resting CO2 require a smaller change 

in minute ventilation to reach the apneic threshold. 

This is termed high plant gain.

Total lung capacity (TLC) and functional residual 

capacity (FRC) independently influence plant gain. 

For patients with heart failure for example, a 

restrictive ventilatory defect is commonly seen 

and is related to cardiomegaly and pleural effu

sions. For individuals with a lower TLC and FRC, 

there is a smaller reserve of alveolar O2 and CO2 

in the lungs. Consequently, a fixed change in min

ute ventilation will result in a greater degree of 

change in alveolar and arterial PO2 and PCO2. This 

is supported by the observation that there is a 

decrease in FRC and simultaneous increase in dy

namic loop gain in OSA patients during supine 

sleep, as compared to nonsupine sleep.16

CLASSIFICATION OF NONHYPERCAPNIC 

CENTRAL SLEEP APNEA

Cardiac Failure

Patients with cardiac failure, particularly those with 

a reduced ejection fraction, generally exhibit a 

specific type of CSA termed Cheyne-Stokes respi

ration (CSR-CSA), which is characterized by a long 

cycle length.17 Other causes of heart failure exhibit 

CSR-CSA where cardiac output is reduced due to 

valvular (eg, aortic stenosis or mitral regurgitation) 

or rhythm disturbance (eg, atrial fibrillation). A 

decreased cardiac output leads to an increased 

arterial circulation time (mixing gain).

Some patients with cardiac failure do not 

demonstrate normal sleep-related decreases in 

ventilation and increases in PCO2, reducing the 

CO2 reserve (difference between resting CO2 and 

apnoeic threshold).18

Some patients with cardiac failure demonstrate 

awake low PaCO2 indicative of resting hyperventila

tion. Despite low PaCO2 decreasing plant gain, 

these patients have been noted to have higher 

rates of CSR-CSA, which is likely due to the 

severity of the underlying left ventricular dysfunc

tion and increased stimulation of pulmonary J re

ceptors when supine (increased controller gain). 

Notably however, CSR-CSA has been observed 

in a lung transplant patient with mechanical dener

vation of the pulmonary J receptors, suggesting 

that other triggers may also trigger hyperventila

tion in this population.19

Furthermore, there are numerous pathologic pul

monary changes that may occur in cardiac failure, 

which independently increase loop gain. Advanced 

cardiac failure is associated with increased pulmo

nary vascular resistance, interstitial edema, and 

increased capillary basement membrane thickness. 

Consequently, there is a decrease in gas transfer, 

measured as the diffusing capacity for carbon 

monoxide (DLCO),20,21 resulting in chronic hypoxia 

and increased controller gain.

Patients with advanced cardiac failure also 

commonly have pulmonary restriction due to 

increased cardiac size,22,23 which may increase 

plant gain.

Opiates

Sleep disordered breathing occurs in approxi

mately 60% of chronic methadone users.24 Within 

the sleep disordered breathing (SDB) group, about 

20% have CSA and the balance obstructive sleep 

apnea (OSA). Those with CSA have a lower resting 

SpO2 yet maintain or elevate their SpO2 levels with 

sleep, compared with OSA and no apnea groups in 

whom there is a decrease in SpO2.25 The relative 

increase in SpO2 with sleep is likely due to under

lying periodic hyperventilation.

Opiates mediate central sleep apnea primarily 

through stimulation of mu receptors in the pre- 

Botzinger complex and parabrachial/Kolliker- 

Fuse nucleus.26 Opiate use reduces resting minute 

ventilation (resulting in a mild increase in PaCO2) 

due to a suppressed central ventilatory response. 

Of interest is the elevated peripheral ventilatory 

response with opioids, which results in the peri

odic hyperventilation followed by apnea charac

teristic of opioid induced CSA.27,28 During sleep, 

this manifests as hypercapnic periodic CSA. How

ever, patients with opiate induced CSA often 

display an irregular, periodic ventilation pattern 

termed ataxic breathing on PSG.29 This phenome

non is not seen in other causes of hypercapnic 

CSA.

CPAP Emergent Central Sleep Apnea

This condition is defined by a residual central AHI 

of greater than 5 events per hour on CPAP. It oc

curs in about 5% of patients with significant OSA 

Chandrasekara & Naughton356

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 22, 
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



who initiate CPAP.30 It self-resolves in the majority 

of patients within 30 days.

The mechanism responsible may be related to a 

readjustment of chemosensitivity—chronic inter

mittent hypoxia and hypercapnia due to OSA are 

abolished with CPAP, such that triggers for che

mosensitivity are changed. An alternative theory 

relates to excessive CPAP pressures, greater 

stretch receptor activation via the afferent vagal 

nerve (Hering-Breurer reflex).31,32 If there is persis

tent CSA on CPAP after 30 days despite readjust

ing pressures, it would be wise to exclude cardiac 

or opioid related causes. Uncommonly, patients 

could be trialled on alternative flow generators 

such as adaptive servoventilation.

In another group, patients with OSA who have 

been stable on long term CPAP with apnea hypo

pnea index (AHI) less than 5 events per hour sud

denly—over a few days—develop quite a variable 

residual AHI often between 5 to 30 events per 

hour. Commonly this is due to the development 

of atrial fibrillation and carries with it an 14-fold 

increased risk of a serious cardiac event.33,34

Although poorly described in the literature, pa

tients with SDB on auto CPAP who also have peri

odic limb movements may have a high residual 

AHI identified from some flow generator devices. 

It is possible this occurs as a result of the periodic 

increase in motor activity of intercostal as well as 

limb skeletal muscles. The transient increase in 

intercostal activity can change the tidal volume 

and thereby interfere with the feedback the auto 

CPAP devices require to set their pressure.

High Altitude

Periodic breathing occurs almost universally at 

high altitude, even in healthy subjects. As altitude 

increases FiO2 decreases, increasing controller 

gain, and the risk of CO2 falling less than the 

apnoeic threshold.35

Cerebrovascular Disease

Although obstructive sleep apnea is the most 

common form of sleep disordered breathing in pa

tients post stroke, a significant number demon

strate CSA. Two distinct patterns have been 

observed—a CSR-CSA pattern, which occurs in 

patients with subclinical left ventricular dysfunc

tion36 and a short cycle length pattern.9,37 Short 

cycle length CSA post stroke is likely to be due 

to changes in ventilatory response to CO2 

(controller gain).38

Pulmonary Hypertension

Patients with idiopathic group 1 pulmonary hyper

tension, by definition, have pulmonary vascular 

and right ventricular dysfunction but preserved 

left ventricular function. However, in advanced or 

decompensated disease there is a diminished car

diac output due to right ventricular failure. This 

leads to increased mixing gain.39

Chronic Renal Failure

Similarly to the cardiac failure population, patients 

with renal failure are likely to have volume overload 

and pulmonary edema, which increases controller 

gain. In keeping with this, the severity of sleep 

disordered breathing in a population of dialysis pa

tients (including both OSA and CSA) has been 

shown to improve postfluid removal.40

Iatrogenic—Vagal Nerve Stimulators

Vagal nerve stimulation has emerged as a thera

peutic option for refractory epilepsy, for which 

sleep disordered breathing has been reported as 

a potential complication. Numerous mechanisms 

have been reported, including in some cases 

reduction/termination of respiratory effort41 and 

hyperventilation with postevent apnea.42 As the 

use of vagal nerve stimulators increases, this phe

nomenon may be observed on a larger scale.

MEDICATIONS

Although opiates are the most commonly impli

cated medication class, CSA has also been noted 

with gamma-aminobutyric acid (GABA) receptor 

agonists and P2Y12 inhibitor ticagrelor.

Gamma-Aminobutyric Acid Agonists

Although less frequently recognized, GABA ago

nists such as gabapentin, sodium oxybate and val

proic acid have been noted to produce CSA with 

an ataxic breathing pattern. It is likely that the 

pathophysiology is similar to that of opiate- 

induced CSA.43 CSA has also been previously re

ported in the context of long-term benzodiazepine 

use.44

Ticagrelor

Ticagrelor is an antiplatelet agent that has become 

widely used in the treatment of acute coronary 

syndrome. A high prevalence of CSA has been 

noted in patients taking ticagrelor, which is likely 

due to an increased hypercapnic ventilatory 

response.45,46 Consequently, patients taking tica

grelor may demonstrate polysomnographic find

ings similar to patients with ICSA. CSA generally 

normalizes with ticagrelor discontinuation.46

The following table outlines the patterns of non

hypercapnic CSA in adults (Table 1).
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NATURAL HISTORY/PROGNOSIS

As we have outlined, CSA occurs due to a distur

bance in normal ventilatory physiology. Unlike 

OSA, the sequelae of long-term, controlled CSA 

has not been established. Although CSR-CSA is 

a negative prognostic marker in cardiac failure, 

this likely reflects that CSR-CSA becomes more 

prevalent as severity of cardiac failure increases. 

For other forms of CSA, its prognostic significance 

is uncertain.

CSA may in fact be a compensatory mechanism 

in some contexts. Patients with advanced cardiac 

failure exhibit resting hyperventilation and 

increased work of breathing. However, CSR-CSA 

may improve efficiency of breathing by inter

spersing hyperpneas with periods of rest (apneas). 

Further to this, the modest swings in intrathoracic 

pressure without upper airway obstruction (as with 

obstructive sleep apnea), which occur during the 

hyperpnea may improve cardiac output.47 Also 

during the periods of hyperventilation, the end 

expiratory lung volume increases by as much as 

1 L. Moreover, the prolonged central apnea is in 

reality a prolonged exhalation as seen with end 

tidal PCO2 measurements during CSA. About half 

way during this central apnea the upper airway 

closes passively, yet pulmonary elastic recoil con

tinues and creates a small amount of PEEP (∼5 

cmH2O), which may be sufficient to prevent alve

olar collapse.47,48

IDIOPATHIC CENTRAL SLEEP APNEA: A 

CLINICAL APPROACH

CSA is an uncommon and clinically heterogenous 

condition. The majority of patients with CSA have 

an identifiable physiologic etiology, such as car

diac failure, neurologic deficit, or medications. 

Workup of patients with CSA requires careful eval

uation to accurately classify etiology. An estimate 

of cycle length (from the beginning of hyperventila

tion to the next is an important guide (Fig. 2).

For patients with a reversible physiologic distur

bance, treatment should focus on reversal of the 

specific disturbance where possible. For example, 

CSR-CSA has been shown to improve with treat

ment of underlying cardiac failure. These treat

ments have included pharmacologic,49 left 

ventricular assist device,50 and transplant.51

Patients with no discernible etiology and 

compatible clinical features may have ICSA, for 

which a uniform management approach has not 

yet been established. We describe our approach 

to ICSA here.

Background

ICSA is a rare condition that represents less than 

5% of CSA cases.2,52 ICSA patients present with 

a unique clinical phenotype, the etiology for 

which has not yet been described. ICSA patients 

are more commonly male, and have a median 

age of between 58.6 and 66.7 in previously 

described cohorts.52,53 Although by definition 

these patients do not have established cardio

vascular or cerebrovascular disease, ICSA pa

tients have been shown to have a strikingly 

high rate of atrial fibrillation,53 as well as high 

rates of hyperlipidemia, systemic hypertension52

and carotid stenosis.54

On polysomnography, patients with ICSA 

demonstrate numerous short cycle length (20– 

40 second) central apneas, which generally occur 

in N1 and N2 sleep. Arousals have been observed 

to occur at the termination of the apnea2—in 

contrast to CSR-CSA, where arousals occur at 

the peak of ventilation.55 It has also been noted 

that the time from sleep onset to stable N3 sleep 

in increased.2

Although the etiology is not completely under

stood, it has been demonstrated that patients 

Table 1 

Clinical and polysomnographic features of central sleep apnea, grouped by underlying etiology

Clinical

Cycle 

Length 

(sec)

PaCO2 

(mm Hg)

Central 

Chemoreceptor 

Sensitivity

Peripheral 

Chemoreceptor 

Sensitivity

CSA due to opiates Positive drug screen 15–45 <50 Reduced increased

CSA without opiates Negative drug screen 15–45 <40 Increased increased

CSA due to heart 

failure

Low EF, arrhythmia, 

or valvular disorder

45–75 < 40 Increased Increased

CSA due to high 

altitude

Healthy mountain 

climbers

10–20 <30 Likely increased Increased

CPAP emergent CSA Seen with CPAP 

initiation for OSA

10–20 <40 N/A N/A

Chandrasekara & Naughton358

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 22, 
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



with ICSA demonstrate increased hypercapnic 

ventilatory responses, indicative of increased 

controller gain.56,57

Unlike CSR-CSA, which is a negative prognostic 

marker (in the context of cardiac failure), the prog

nosis of ICSA are likely relatively benign.1 Howev

er, due to the minority of patients presenting with 

this condition, further study is required to under

stand its natural history.

Clinical Presentation

Compared to patients with obstructive sleep ap

nea, patients with ICSA generally have a lower 

body mass index (BMI) and are less likely to snore. 

Both insomnia and hypersomnolence are possible 

presenting symptoms.2

As noted previously, true ICSA is rare. As such, 

for patients with suspected ICSA we would sug

gest a robust pathway of investigations to rule 

out subclinical cardiac or neurologic disease.

Evaluation: a Suggested Approach

A detailed clinical history, including any recent 

medications, is crucial in patients presenting with 

suspected ICSA. A urinary drug screen may be 

considered.

Diagnosis of Central Sleep Apnea

For patients presenting with sleep related symp

toms, the initial investigation of choice is an in- 

lab polysomnogram (PSG). Typically, patients 

with ICSA will demonstrate sleep state instability, 

which occurs on the background of multiple cen

tral apneas with a short cycle length.

Typically, these patients do not have a high 

burden of obstructive events. However, note 

that gold-standard measurement of respiratory 

effort requires esophageal pressure monitoring, 

which is seldom performed in routine clinical 

practice.

Many patients with CSA, including those with 

ICSA, may demonstrate frequent hypopnoeas on 

PSG. Identifying central hypopnoeas, as opposed 

to obstructive, is challenging and not routinely per

formed by all sleep laboratories. AASM scoring 

guidelines recommend the use of three metrics 

to subclassify hypopnoeas, all of which should 

be absent during a central event.58

1. Snoring during the event

2. An increased flattening of the nasal pressure 

signal compared to baseline

3. Presence of a thoracoabdominal paradox

Supplemental arterial blood gases, which may 

be accompanied by transcutaneous CO2 mea

surements during PSG, may be helpful to demon

strate the presence of hyperventilation rather than 

hypoventilation.

Exclusion of Identifiable Etiologies

For patients with findings consistent with CSA on 

PSG, it is then prudent to evaluate for potential 

underlying etiologies. Given the relatively high 

prevalence of cardiac failure, particularly among 

all-comers presenting with CSA, we would sug

gest measurement of serum naturetic peptides 

and an initial transthoracic echocardiogram. 

Patients with subtle abnormalities on these initial 

investigations may be subsequently referred for 

Fig. 2. Two PSGs (4 minute epoch) illustrating the difference between short and long cycle length CSA. Arrows 

A–B indicate ventilation period and arrows C–D indicate the central apnea. (A) represents short CL of 35 seconds: 

this patient having a normal systolic (LVEF 60%) and diastolic function, in sinus rhythm without valvular heart 

disease or pulmonary hypertension. In addition absence of diabetes or neurologic impairment. (B) illustrates a 

typical patients with heart failure and CSA-CSR with a long cycle length of 70 sec associated with LVEF 19%.
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cardiac magnetic resonance imaging or invasive 

right heart catheterization.

Clinicians should also have a low threshold to 

consider central nervous system (CNS) imaging 

(eg, MRI brain), particularly if any signs are 

detected on bedside neurologic examination. 

Aside from ischemic insults, structural lesions 

that affect brainstem function may also result in 

CSA. This has been previously described in the 

context of a Chari malformation, which is often 

associated with secondary syringomyelia.59,60

Although a clear etiologic link has not been iden

tified, screening for systemic illnesses that may 

affect carotid body responses could be consid

ered. For example, hyperglycaemia (as may occur 

in diabetes) and raised serum catecholamines (as 

may be seen in pheochromocytoma) may impact 

carotid body signaling.11

MANAGEMENT OF IDIOPATHIC CENTRAL 

SLEEP APNEA

The management of nonhypercapnic CSA, 

including ICSA, is not well elucidated. Several man

agement options have been trialed, which are 

detailed further. To date, there have been no large 

randomized clinical trials of therapy in ICSA. 

Some management options have been studied 

more extensively in the CSR-CSA population.

CO2

Given the fundamental role of hypocapnia in initi

ating CSA, it has been hypothesized that adminis

tration of exogenous CO2 may increase alveolar 

CO2 and subsequently terminate central apnea. 

This approach has been shown to be effective in 

reducing AHI, however at the expense of a contin

uous high respiratory rate and greater arousals in 

patients with ICSA.61 In a similar vein, addition of 

anatomic dead space, which consequently raises 

arterial CO2, has been shown to decrease AHI in 

patients with ICSA.61

Despite decreasing AHI, raising arterial CO2 

may independently cause cortical arousals and in

crease sympathetic tone, which may counteract 

the improvement in sleep consolidation that oc

curs with abolition of central apneas.62 As such, 

inhaled CO2 and increasing dead space have not 

been widely studied, nor have they been adopted 

as a treatment approaches. In summary, CO2 ther

apy is experimental and not used clinically.

Oxygen Therapy

Hyperoxia decreases controller gain, which 

reduces the magnitude of ventilatory changes 

relative to changes in arterial CO2. Several 

nonrandomized studies have demonstrated 

decreased central apnea frequency in patients 

with CSA with the use of nocturnal home oxygen 

therapy.63–65 While the majority of patients 

enrolled in these studies had alternative etiologies 

for CSA (eg, cardiac failure, stroke), this approach 

may plausibly benefit patients with ICSA. However 

supplemental oxygen is not a benign gas. Hyper

oxia is associated with reduced cardiac output66

and coronary artery vasoconstriction.67 Accord

ingly, international guidelines do not recommend 

long term home oxygen therapy for normoxic pa

tients with CHF.68

Respiratory Stimulants

Acetazolamide is a carbonic anhydrase inhibitor, 

which increases renal bicarbonate excretion and 

results in a mild metabolic acidosis, stimulating 

respiratory drive. A small nonrandomized study 

has shown improvement in burden of central ap

neas as well as clinical symptoms with use of acet

azolamide in ICSA patients.69 Use should be 

avoided in patients with liver disease or in 

pregnancy.

Hypnotics

GABAergic hypnotic medications have been tri

alled in CSA to combat sleep fragmentation. A 

small trial of 5 patients with ICSA demonstrated 

that triazolam decreased AHI compared to pla

cebo. However this study was limited by a small 

sample size, lack of standard deviation measures 

and lack of quality of life measurements.70 Two 

studies have examined the use of zolpidem in 

CSA (including ICSA), demonstrating a variable 

reduction in AHI.71,72 It should also be noted that 

GABAergic medications, including benzodiaze

pines, may cause CSA in rare cases.44

Continuous Positive Airway Pressure

Continuous positive airway pressure has been 

shown in select cases to improve central apneas 

in ICSA.73,74 It has been postulated that pharyn

geal collapse may be implicated in either the initi

ation and/or propagation of central apneoas, 

which may account for the therapeutic effect of 

CPAP.1 Furthermore, some patients classified as 

ICSA may in fact have subclinical cardiac disease, 

and may plausibly have a favorable hemodynamic 

response from CPAP.

Theoretically, CPAP may increase minute venti

lation and therefore increase the chance of PCO2 

falling less than the apnoeic threshold, potenti

ating central apneas—this has been observed in 

the context of bilevel noninvasive ventilation 

(NIV).75 However we are not aware of any 
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documented cases of this in the context of CPAP. 

Given the potentially heterogenous response to 

CPAP, in-laboratory titration is suggested to allow 

retitration to overcome upper airway instability (ie, 

snoring and obstructive hypopneas) yet avoiding 

over-zealous over titration.

Noninvasive Ventilation

Typical bilevel fixed pressure NIV is well estab

lished as a treatment of disorders of hypoventila

tion (including hypercapnic CSA) but does not 

have a role in nonhypercapnic CSA (including 

ICSA).

Adaptive servoventilation (ASV) is a specific type 

of bilevel NIV, which has been designed to stabi

lize breathing pattern in CSA. The ASV algorithm 

delivers a fixed expiratory pressure, variable pres

sure support and backup rate.76 ASV was initially 

adopted for the management of CSA, particularly 

CSR-CSA. However, there has been significant 

controversy regarding its ongoing use in the 

context of the SERVE-HF trial, which indicated 

an increased risk of cardiovascular death and all- 

cause mortality in patients with ASV for patients 

with heart failure and reduced ejection fraction.77

This ASV device was triggered by minute ventila

tion with high pressures.

More recently, the ADVENT-HF trial, which used 

an alternative ASV algorithm triggered by peak 

flow with lower pressures, did not reproduce this 

mortality signal. However, the study may have 

been underpowered due to the COVID-19 

pandemic and Phillips device recall. Another 

important difference was that the ADVENT-HT trial 

included a variety of sleep disordered breathing 

types (obstructive and central).

The use of ASV for CSA is highly variable. The 

European Respiratory Society and European 

Sleep Research Society recently published a 

statement promoting the use of ASV, including in 

patients with an left ventricular ejection fraction 

(LVEF) between 30% and 45% (but only when initi

ation is performed in an expert center).78

Phrenic Nerve Stimulation

Phrenic nerve stimulation is a novel and emerging 

therapy for CSA, including ICSA. Akin to cardiac 

pacing, phrenic nerve stimulation uses a generator 

and transvenous lead to stimulate unilateral dia

phragmatic contraction. The largest studies of 

phrenic nerve stimulation in CSA are the pivotal 

study and follow-up postapproval study, which 

enrolled patients with CSA of any cause except 

opiates. 11% of initial patients had idiopathic 

CSA. Phrenic nerve stimulation was highly effec

tive in reducing AHI and reducing Epworth 

Sleepiness Score (ESS).79 However, it should be 

noted that baseline ESS was in the high normal 

rather than abnormal range, likely reflecting the 

fact that CSA patients often present with insomnia 

rather than pathologic sleepiness.

Despite significant improvement in AHI and 

reduction index, patients demonstrated persis

tently minimal proportions of N3 sleep at 5 year 

follow-up (1% of total sleep time, compared to 

2% at baseline). This may suggest that phrenic 

nerve stimulation independently influences sleep 

architecture. Furthermore, there was no moni

toring of respiratory symptoms or lung function.

MANAGEMENT: OUR SUGGESTED 

APPROACH

ICSA is an uncommon condition. Although respira

tory effort is routinely quantified during PSG using 

thoracic and abdominal movement, studies with 

esophageal manometry demonstrate that respira

tory events are often misclassified. Further to this, 

some patients with true ICSA appear to respond to 

CPAP, which plausibly may play a role in reversing 

the underlying physiologic derangement (as in 

CSR-CSA). As such, we would suggest an initial 

trial of CPAP for all patients with a suspected diag

nosis of ICSA, preferably with an in-lab CPAP 

implementation study.

For patients who do not respond to CPAP, we 

would suggest referral to a specialist center for 

consideration of further management. Quite often 

in the absence of snoring or any underlying cause 

(as listed earlier)—observation may be all that is 

required. Feasible options that may be trialed in 

this setting with close monitoring include low 

flow oxygen, acetazolamide, ASV and phrenic 

nerve stimulation.

In the setting of ICSA, we would suggest 

reserving phrenic nerve stimulation for carefully 

selected patients.

FUTURE DIRECTIONS

The clinical entity of ICSA is likely to evolve signif

icantly in the future. Although there is currently no 

clearly defined etiology, the epidemiologic profile 

of ICSA suggests that this may be a largely ac

quired, rather than genetic illness. There may 

also be heterogeneity within this patient group, 

which has not yet been described.

Patients with ICSA have high rates of metabolic 

and cardiovascular comorbidities. As our diag

nostic tools improve—or example, use of cardiac 

MRI (cMRI) over echocardiography in appropriate 

cases—it is likely that our understanding and clas

sification of this condition will change.
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Both current therapeutic options and our under

standing of the underlying pathogenesis in ICSA 

are relatively rudimentary. CSA syndromes may 

in part reflect an adaptive response to physiologic 

dysregulation, and the natural history of untreated 

CSA is not well understood in any context. As our 

understanding of this condition evolves, evaluation 

of potential therapies on a broader scale is also 

warranted. Given that we do not understand the 

prognostic implications of suppressing CSA, treat

ments should improve quality of life in addition to 

reducing the burden of respiratory events.

SUMMARY

ICSA is a rare condition characterized by short- 

cycle central apneas, which usually occur in tran

sitional sleep. ICSA occurs in the absence of 

known cardiac failure or established cerebrovas

cular disease. Data on therapeutic options for 

ICSA remain relatively sparse; however, there 

has been significant interest recently in ASV and 

phrenic nerve stimulation. An evolving under

standing of this condition and therapeutic options 

will serve to improve care for ICSA patients in the 

future.

CLINICS CARE POINTS

• When CSA appears consider the cycle length: 

short (<45 seconds indicates opioid induced; 

long (>45 seconds) indicates heart failure 

related.

• The pathogenesis of CSA differs significantly 

from OSA and may not carry the same adverse 

pathophysiological consequences.

• Evidence suggests treatment of CSA is best 

directed at the cause (eg opioids, heart fail

ure) rather than the downstream AHI.
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