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Lesson Objectives

At the end of this presentation, the learner will be able to :

1. Describe the etiology and risk factors of central apnea in different 
patient populations. 

2. Describe the relationship  between central and obstructive apnea 

3. Outline a mechanistic approach to management



Å 86 year old male 

Å Evaluation of snoring, fragmented sleep 
and dyspnea on exertion.

Å Previous smoking history 

Å PFTs: Poor effort and mild airflow 
obstruction 

Å Echocardiography: EF= 40%



A. Upper Airway obstruction

B. REM sleep

C. Hypocapnia

D. Diaphragmatic dysfunction 

Question #1

What is the underlying mechanism of the phenomenon indicated by the arrow? 
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Effect of NREM sleep on Ventilation
The hypocapnic apneic threshold 

NREM sleep unmasks a reproducible, highly sensitive, hypocapnic 
apneic threshold

The CO2 reserve 

Skatrud et al. JAP. 55:813-22, 1983 



Upper airway changes

1. Reduced activity of upper airway 
dilators

2. Loss of load compensation
3. Reduced pharyngeal caliber
4. Reduced tidal volume (VT)

Effect of NREM sleep on Ventilation



ÅHypoventilation
ÅSleep related hypoventilation: CNS, neuromuscular or chest wall disease

ÅInadequate ventilatory reserve: hypercapnia not required

Åaŀȅ ƴƻǘ ƳŜŜǘ ǘƘŜ ŎǊƛǘŜǊƛŀ ŦƻǊ άŎŜƴǘǊŀƭέ ƻǊ ŀǇƴŜŀέ

ÅPost- hyperventilation 
ÅNo daytime alveolar hypoventilation

ÅHyperventilation 

ÅThe most common type of central apnea 

 

Central Sleep Apnea
Pathophysiologic Classification



Classification of Central Apnea 

ÅCentral sleep apnea with Cheyne-Stokes breathing

ÅCentral sleep apnea due a medical disorder without Cheyne-Stokes breathing

ÅCentral sleep apnea due to high altitude periodic breathing

ÅCentral sleep apnea due to a medication or substance

ÅPrimary central sleep apnea

ÅTreatment-emergent central sleep apnea



Å AHI=60/hour of sleep 

Å CAI= 20/hour of sleep

Å ABGs: PaO2= 82 torr, PaCO2= 34 torr

Å 86 year old male 

Å Evaluation of snoring, fragmented sleep 
and dyspnea on exertion.

Å Previous smoking history 

Å PFTs: Poor effort and mild airflow 
obstruction 

Å Echocardiography: EF= 40%



A. Impaired arousal response

B. Low loop gain

C. Hypercapnia 

D. High controller gain

Question # 2

What is/are the potential underlying mechanism (s) of recurrent central apnea?

What is/are the potential underlying mechanism (s) of recurrent central apnea?



A. Impaired arousal response
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C. Hypercapnia

D. High controller gain

What is/are the potential underlying mechanism (s) of recurrent central apnea?



Recurrent Central Apnea: Apnea Begets Apnea
High loop gain= high propensity to CSA.  



Hyperventilation

Hypocapnia

Central apnea

ΔPaO2, PaCO2 

Δ Sleep State



Hyperventilation

Arterial and 
medullary 

Hypocapnia 

Central Apnea

Medullary 
hypercapnia

Ventilatory 
Control Loop 

Plant gain

Controller gain

Apnea Begets 
Apnea
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Central Pattern 

Generator

Controller

Airways, Lung, 

Chest wall

Plant

Ventilation

Controller gain

PCO2

Plant Gain

Å Diffusion, 
Mixing,

Å Circulation

The Loop Gain : An engineering Construct 

Ventilation/mmHg PCO2/L/min

High Loop Gain = High propensity to central apnea
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A. No effect- unchanged chemo-sensitivity

B. Increased- PaCO2 closer to the hypocapnic apneic threshold.

C. Decreased- decreased plant gain.

D. Increased- decreased CO2 stores.

Question # 3

The effect of decreased steady state PaCO2 on susceptibility to central apnea is:
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Question # 3

The effect of decreased steady state PaCO2 on susceptibility to central apnea is:



What is the cause of this central apnea? 



LǘΩǎ Ǉƻǎǘ-sigh, NOT post arousal.



What is the cause of this central apnea? 



What is the cause of this central apnea? 



ÅAge, gender and menopause

ÅMedical Conditions 

ÅCHF, CVA, Atrial fibrillation ?

ÅNarcotics

ÅEndocrine: Hypothyroidism, Acromegaly

ÅPrimary central apnea ?

Central Apnea Risk Factors/Markers



A. N1

B. N2

C. N3 

D. REM

Question # 4:

Which sleep state is least prone to central apnea 



A. N1

B. N2

C. N3 

D. REM

Question # 4:

Which sleep state is least prone to central apnea 



ÅCongestive Heart Failure

ÅOpiate analgesics

ÅObstructive sleep apnea

ÅTreatment-Emergent Central Apnea 

Central Apnea and Associated Conditions



ÅA 62-year-old male 
ÅClassic SDB presentation
ÅBMI 29.Chronic conditions 

include
ÅHTN, CAD, CVA, CKD
ÅLVEF =60%
ÅAHI= 88.9/h
ÅCAI = 39.1/h. 



Demographics, historical data, and physical examination findings in male heart failure 

patients with either central (CSA) or obstructive (OSA) sleep apnea. 

Javaheri S et al. Circulation. 1998;97:2154-2159

Copyright © American Heart Association, Inc. All rights reserved.



Polysomnographic findings in male heart failure patients with either central (CSA) or obstructive 

(OSA) sleep apnea. 

Javaheri S et al. Circulation. 1998;97:2154-2159

Copyright © American Heart Association, Inc. All rights reserved.



ÅA 64 year old male

ÅSnoring and EDS

ÅBMI=31

Baseline study

ÅAHI=74

ÅTotal hypopneas =300

ÅTotal OA= 14

ÅTotal CA= 6



Walker et al. J Clin Sleep Med. Aug 15, 2007; 3(5): 455–461. 



Date of download:  11/11/2014

Copyright © American College of Chest Physicians. All rights reserved.

Central Sleep Apnea in Stable Methadone Maintenance Treatment Patients *

Chest. 2005;128(3):1348 -1356. doi:10.1378/chest.128.3.1348

Two examples of CSA found in MMT patients. Top, A: Example of non -PB type of CSA. Bottom, B: PB type but without crescendo -

decrescendo breathing typical of Cheyne -Stokes respiration. The PB cycle time is shorter than seen in Cheyne -Stokes respiration 

associated with CHF. The time base is 30 s for the upper epoch and 5 min for the lower epoch for each example. NASAL = nasal 

pressure; THERM = thermister; THOR = thoracic movements; ABDO = abdominal movement; Sao 2 = arterial oxygen saturation. 

Patients were in stage 2 sleep in both examples.

Figure Legend: 



Baseline: Pre-CPAP



On CPAP



A. TECSA develops in the majority of patients undergoing split-night titration

B. Indicates the need for BPAP therapy. 

C. Only patients with central apnea in the baseline study develop TECSA

D. The majority will experience complete resolution over a few weeks to months. 

Question #5 

Which of the following statements regarding treatment-emergent central sleep 
apnea (TECSA) is correct

Which of the following statements regarding treatment-emergent central sleep apnea (TECSA) is correct?
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Which of the following statements regarding treatment-emergent central sleep 
apnea (TECSA) is correct



Dernaika, T. et al. Chest 2007;132:81-87

Change in CSAI in ith CPAP-related CSA

ÅCSA 
ÅCPAP-Emergent
ÅN=14



Nigam  et alAnn Thorac Med. 2018 Apr-Jun;13(2):86-91. PMID: 29675059



Å A systematic review of five studies
Å TECSA 
Å Persistent TECSA
Å Delayed-TECSA (D-TECSA)
Å Determinants include:
Å Higher AHI
Å Higher CAI
Å Higher residual AHI

.

Natural history of treatment-emergent central sleep apnea on positive airway pressure

Nigam  et al. Ann Thorac Med. 2018 Apr-Jun;13(2):86-91. PMID: 29675059



Å AHI=60/hour of sleep 

Å CAI= 20/hour of sleep

Å ABGs: PaO2= 82 torr, PaCO2= 34 torr

ÅWhat is your treatment recommendations

Å 86 year old male 

Å Evaluation of snoring, fragmented sleep 
and dyspnea on exertion.

Å Previous smoking history 

Å PFTs: Poor effort and mild airflow 
obstruction 

Å Echocardiography: EF= 40%



A. BPAP

B. CPAP

C. ASV

D. Oral acetazolamide

Which of the following is considered as STANDARD treatment for central 
sleep apnea related to heart failure
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Treatment of Central Apnea

ÅThere is no specific treatment for central apnea 
ÅMost modalities dampen post apneic overshoot.
ÅPositive Pressure

ÅCPAP, BPAP, ASV 
ÅAltering chemical stimuli

ÅSupplemental O2 or CO2
ÅSleep State: hypnotics
ÅVentilatory Drive: Acetzolamide
ÅPhrenic nerve Stimulation 



ÅAssociation with OSA

ÅDecreasing overshoot: Plant Gain
ÅOpening the upper airway

ÅIncreasing O2 stores

ÅCPAP has been used for CSR in CHF

ÅImprovement in intermediate outcome

Å

Does nasal CPAP ameliorate central apnea?



Oropharyngeal airway occlusion during spontaneous CSA

(Badr et al.  JAP 1995)



Upper airway narrowing during induced hypocapnic CSA

(Badr et al.  JAP 1995)



N=90

Prevalence of Central Sleep Apnea among Veterans and Response Rate to 

Continuous

Positive Airway Pressure Therapy

Å PAP < 50%

Å Initial PAP response = 25% 

Å Improvement after 2 months

Å 4/10  continued to experience high residual events

Å The  efficacy of PAP  is partial.

Ibrahim et al. Sleep Advances (2024)



Central Apnea 

Central Hypopnea

Upper airway obstruction 

Breathing Instability

Treatment of Central Apnea



N= 258
NCPAP: 128 No-
CPAP: 130
2-year Follow 
up

The Canadian Continuous Positive Airway 
Pressure trial (Can PAP) 

Bradley T et al. N Engl J Med 2005;353:2025 - 2033



Bradley T et al. N Engl J Med 2005;353:2025 -2033

Heart -Transplantation -free Survival



ÅCPAP vs. placebo at 3 months
ÁAHI

ÁEF

ÁMean nocturnal oxyhemoglobin saturation

ÁPlasma nor-epinephrine levels

ÁSix-minute walk, 

ÅN-CPAP had no effect on survival

The Canadian Continuous Positive Airway Pressure trial 
(CanPAP) 



Johnson, K. G. et al. Chest 2005;128:2141-2150

Effect of Bi-level PAP
on central apnea index





Adaptive Pressure Support Servo-Ventilation

ÅSmall and variable ventilatory support

Å The hydrostatic benefits of low levels of nasal CPAP ( 5 cm H20)

ÅBaseline pressure swing is 4 cm H2O

Å Increases to provide 90% of the long-term average VE.

ÅNo hyperventilation

Teschler et al. AJRCCM, 164, 4, 614-619,2001



Adaptive Pressure Support Servo-Ventilation

Javaheri  et al. 146#2 CHEST AUGUST 2014 



RCCM9908114

RCCM9908114

Teschler et al. AJRCCM, 164, 4, 614-619,2001

http://ajrccm.atsjournals.org/content/vol164/issue4/images/large/RCCM9908114.f1a.jpeg
http://ajrccm.atsjournals.org/content/vol164/issue4/images/large/RCCM9908114.f1b.jpeg


Adaptive Pressure Support Servo-Ventilation 

Å Prospective, randomized, cross-over design

Å N=16; gender? 

Å Desaturation index (3%)>15/h 

Å Five consecutive nights

ÅCPAP

ÅSupplemental O2 @ 2L/NC

ÅBi-level ςST mode

ÅASV 

Teschler et al. AJRCCM, 164, 4, 614-619,2001



RCCM9908114

RCCM9908114

Teschler et al. AJRCCM, 164, 4, 614-619,2001

Adaptive Pressure Support Servo-Ventilation

2l/NC
ST mode

http://ajrccm.atsjournals.org/content/vol164/issue4/images/large/RCCM9908114.f2.jpeg
http://ajrccm.atsjournals.org/content/vol164/issue4/images/large/RCCM9908114.f3.jpeg


Cowie MR et al. N Engl J Med 2015;373:1095-1105.

Cumulative Incidence Curves for the Primary End 
Point, Death from Any Cause, and Cardiovascular 

Death.

Å N=1325 patients 
Å HF-rEF
Å AHI≥15/hour of sleep
Å Predominance of central apnea



A. CPAP in patients with Heart failure and preserved EF 

B. BPAP in patients with opioid-associated central sleep apnea 

C. Adaptive-Servo ventilation in patients with heart failure and reduced ejection 
fraction 

D. CPAP in patients with heart failure and reduced ejection fraction 

Which of the following treatments is associated with increased 
mortality risk in patients with predominantly central apnea 
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All

OSA

CSA

ASV for sleep-disordered breathing in patients with heart failure with 
reduced ejection fraction (ADVENT -HF)

ÅMulticenter, multinational, parallel -group, open-label, 
phase 3 randomized controlled trial.

ÅThe study did not reach its prespecified sample size. 

ÅASV abolished both OSA and CSA

ÅFollow-up of 3·6+ 1·6 years

ÅNot significant effect on the primary endpoint or 
mortality 

ÅASV did not increase mortality in those with CSA. 

ÅPositive findings include:

Å Improvements in quality of life

ÅHFrEF  symptoms

ÅDegree of sleepiness.

Cumulative probability of event 
curves all-cause mortality



Å N=20, 9 weeks

Å AHI 30.0 ±  18.1 to 13.5 ±  13.3 (p =0.001),

Å CAHI 26.0 ±  17.2 to 7.1 ±  11.8 (p <0.001) 

Å Arousals 24.0 ±  11.6 to 15.1 ±  7.7 (p <0.001)

Å ESS 13 ±  5 to 8 ±  5 (p < 0.001).

Å OSA increased in 3 patients 

Å In the absence of a randomized, controlled trial, zolpidem cannot be 
recommended for treatment of ICSA at this time.

Improvement of Idiopathic Central Sleep Apnea with Zolpidem

Quadri et al. J Clin Sleep Med. 2009 April 15; 5(2): 122ð129. 



Effect of Supplemental Oxygen on 
AHI in Patients with CHF



The role of acetazolamide in sleep apnea at sea level: a systematic review and meta-analysis

Ni et al. J Clin Sleep Med. 2021 Jun 1;17(6):1295-1304. PMID: 33538687



Costanzo MR et al. Transvenous neurostimulation for central sleep apnoea: 
a randomised controlled trial.2016 Sep 3;388(10048):974-82

Transvenous neurostimulation for central apnea 



Costanzo MR et al. Transvenous  neurostimulation  for central sleep apnoea : 
a randomised  controlled trial.2016 Sep 3;388(10048):974 -82



Å Similar principles in CSA and PAP-emergent CSA

Å Treat the underlying condition

Å Initiate CPAP is the initial treatment

Å No ASV or BPAP for CSA with HFrEF ( EF<45%)

Å CPAP failure/intolerance in HFrEF patients with CSA 
ÅNocturnal oxygen

ÅMedical management of heart failure. 

Our Approach
When Data are few; experts are many !



ÅPatients with HFpEF or primary CSA 
ÅA trial of CPAP 

ÅA trial of ASV 

ÅA trial of BPAP with a back-up respiratory rate

ÅIntolerant of PAP: A trial of acetazolamide

Our Approach
When Data are few; experts are many !



Questions?
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