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Outlines

• Positive airway pressure for sleep-disordered 
breathing (SDB)

• Noninvasive ventilation (NIV)

• NIV for SDB

– Who and why?
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Obstructive Sleep Apnea
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The First CPAP in 1980 --
A Reversed Vacuum

http://www.internetage.ws/general/bellavista-1/
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Sullivan CE, AJRCCM 2018



Evolution of CPAP Machines
Improvement in Size, Noise, and More

5



PAP for SDB

• Continuous positive airway pressure (CPAP)

• Auto-titration (continuous) PAP

• Bilevel PAP

• Adaptive servo-ventilation (ASV)
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Non-Invasive Ventilation (NIV)

• To deliver mechanical ventilation to the lungs using 
techniques that do not require an invasive artificial 
airway (endotracheal tube, tracheostomy)

• Goals:

– Provide time for the cause of respiratory failure to resolve and 
improve gas exchange

– Overcome auto-PEEP

– Unload the respiratory muscle

– Decrease dyspnea

– Avoid Endotracheal Intubation

– Avoid complications

Antonello N, et al., J Gen Pract 2013
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Types of NIV

Negative Pressure NIV

Main means of NIV during the 
early 1900’s

Extensively used during the 
polio epidemics

Tank ventilator “iron lung”

Cuirass, Jacket ventilator, 
Hayek oscillator

Positive Pressure NIV

Positive pressure delivered 
through mask

CPAP 

AutoCPAP (AutoPAP)

BIPAP (Bilevel PAP)

ASV (Adaptive servo-ventilation)

AVAPS
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• Obstructive sleep apnea (OSA)

• Central sleep apnea (CSA), complex sleep 
apnea

• Chronic obstructive pulmonaryu disease 
(COPD), COPD-OSA overlap syndrome

• Restrictive thoracic disorders

• Obesity Hypoventilation Syndrome (OHS)

Indication of NIV in Sleep-disordered Breathing

Nicolini A, et al. Rev Port Pneumol.2014;20(6):324-335 9



NIV for OSA



Improvement in Survival of OSA by CPAP

Marin et al. Lancet 2005

Fatal Cardiovascular Events Non-fatal CV Events

11



Efficacy in Treatment of OSA 
No Difference in Use Hours in OSA

5. 4.9

0.

1.

2.

3.

4.

5.

6.

CPAP BiPAP

Reeves-Hoche MK, et al. AJRCCM 1995

(N=36) (N=26)
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CPAP and NIV in Treatment of OSA

CPAP
(n=15)

Novel Bilevel PAP 
(n=12)

Baseline
BMI
AHI at PSG night

Titration night
Optimal Pressure, cmH2O
AHI at titration night
Sleep efficiency, %
Total sleep time, m
Epworth Sleepiness Scale

Pretreatment 
Posttreatment 

34.1 ±4.7
46.1 ±23.1

8.8 ±1.1
7.6 ± 11.9
73.4 ±15.0

115.2 ±36.9

13.5 ±3.4
8.0 ±4.8

36.6 ± 6.0
41.8 ± 25.8

8.9 ± 1.6
3.7 ± 4.4

84.4±14.4
89.6 ± 42.5

14.2 ± 3.4
7.8 ± 3.8

Gay PC, et al. Sleep 2003
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CPAP and NIV in Treatment of OSA

Gay PC, et al. Sleep 2003

No difference between CPAP and BiPAP in treatment of OSA
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NIV in OSA

• No difference in compliance compared to 
CPAP

• Maybe considered only in patients needing a 
high pressure, or CPAP ineffective.
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NIV for CSA



Prevalence of SDB in HF
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Javaheri S, et al, JACC 2017



Survival of HF with/without CPAP
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Javaheri S, et al, AJRCCM 2011



Survival in HF Patients with SDB

OSA CSA

Wang H et al. JACC 2006; 

Lanfranchi et al. Circulation 1999 19



Effect of Positive Airway Pressure on 
Airway and Alveoli

20
Yoshihisa A, et al. Fukushima J Med Sci 2017



Effects of CPAP on HF with CSA

22
Bradley TD, et al. NEJM 2005



Effect of CPAP on HF with CSA on Mortality

-- No improvement in survival ???!!!
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Bradley TD, et al. NEJM 2005



Different Effects of CPAP on CSA
AHI LVEF

24
Arzt M, et al. Circulation 2007



CPAP on Outcomes of CHF-CSA

25
Arzt M, et al. Circulation 2007

AHI < 15/hr
on CPAP



Different Modalities in Tx of CSA

Treschler H, et al. AJRCCM 2001
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Effects of NIV on Heart Function 
in HF Patient with CSR-CSA

27
Kasai T, et al. Circ J 2005 CSR: Cheyne-Stokes Respiration



NIV in Patients with CHF

Willson GN, et al. Eur Respir J 2001; 17: 1250–1257

Baseline PSG Initial NIV Support Stable NIV Support
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NIV Improves CSA

Willson GN, et al. Eur Respir J 2001; 17: 1250–1257
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ASV in CSA of HF
SAVIOR-C Trial, 24 wk, n=205

Some Clinical Response

(QoL, NYHA Class etc.)
No Survival Benefits

30
Momomura SI, et al. Circ J 2015



ASV Increased Mortality in CSA
SERVE-HF Trial (0-80 m, Median 31 m), n=1325

31
Cowie MR, et al. NEJM 2015

HR: 1.28, p =0.01
(95% CI, 1.06-1.55)

HR: 1.34, p =0.006
(95% CI, 1.09-1.65)



ASV in HF with Low LVEF
SERVE-HF Trial

32
Eulenburg C, et al. Lancet Respir Medicine 2016

LVEF data missed in 19% of patients



ASV vs CPAP in CSA Treatment
A Network Meta-analysis

Schwarz EI, et al. Chest 2017;151(5):A60,
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ADVENT-HF Trial (ASVpf)
Preliminary Data on Adherence, 12m, n=177

34
Perger E, et al. ERJ 2018

Compliance on ASVpf

1 m 12 m

OSA, % 86 67

CSA, % 87 80



NIV for COPD or 
Overlap Syndrome (OSA + COPD)



Sleep in COPD Patients

• Airflow limitation

• Hypoventilation in sleep

– In health subjects, minute ventilation 
decreases about 6-16% in sleep, especially 
in REM sleep. Douglas NJ, Thorax 1982

 Leading to significant nocturnal hypoxemia
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Randerath W, et al. Eur Respir Rev 2019; 28: 190084
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SDB in COPD Patients

McNicholas WT, et al. Eur Respir Rev 2019; 28: 190064
38



COPD and OSA
The “Overlap Syndrome”

• OSA and COPD are both prevalent

– (4-9% and 10-20%, respectively)

• OSA and COPD share risk factors

– male gender, age, cigarette smoking

• Control of breathing defect may predispose 
to OSA

• 11% of 265 patients with OSA have COPD
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Nocturnal Hypoxemia in COPD
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COPD

Douglas NJ, et al. Lancet 1973



Transient Hypoxemia during Sleep

Douglas NJ, et al. Lancet 1973
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Nocturnal Hypoxemia and Hypercapnia in COPD

McNicholas WT, et al. Eur Respir Rev 2019; 28: 190064
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COPD OSA

COPD + OSA



McNicholas WT, et al. Eur Respir Rev 2019; 28: 190064
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Nocturnal Hypercapnia in COPD

44
O’Donoghue FJ, et al. Eur Respir J 2003; 21: 977–984

43％ of daytime 
hypercapnic 
COPD patients 
spent ≥20% of 
total sleep time 
with an increase 
of PtcCO2 > 10 
mmHg



Factors Correlated with Overnight 
Sleep Hypoventilation

45
O’Donoghue FJ, et al. Eur Respir J 2003; 21: 977–984



Factors Correlated with Hypoventilation 
in REM Sleep

46
O’Donoghue FJ, et al. Eur Respir J 2003; 21: 977–984



Increased Arousals with 
Decreased Oxygen Saturation

Cormick W, et al. Thorax 1986
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Overlap Syndrome (OSA+COPD)

• Older in age

• More severe in nocturnal oxygen desaturation

• More arousals (due to hypoxemia and OSA)

• More prevalent in pulmonary hypertension

• Outcomes, such as survival, cardiovascular events

– No data
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Treatment of Overlap Syndrome

• Nasal CPAP

– Treatment of choice

• Nasal CPAP plus supplemental oxygen

– For uncorrectable hypoxemia after correction of OSA 

with CPAP

• Noninvasive positive airway pressure

– Works for OSA, hypoxemia and hypercapnia
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NIV for Restrictive Thoracic 
Disorders



Factors Contributing to SDB in Neuromuscular and 
Chest Wall Disease

• Effects of sleep on breathing in 
normal individuals

• Loss of wakefulness drive to breathe

• Reduction in nonmetabolic inputs to 
ventilation

• Decreased chemo-responsiveness to 
hypoxia and hypercapnia

• REM-related skeletal muscle atonia

• Reduced lung volumes

• Increased upper airway resistance

• Chest wall abnormality

• Superimposed loads in individuals with 
restrictive thoracic disorders

• Diaphragm weakness

• Weakness of accessory muscles of 
respiration

• Upper airway muscle weakness

• Obesity

• Macroglossia

• Craniofacial abnormalities

• Associated cardiomyopathy

• Atelectasis

• Further decreased 
chemoresponsiveness

Hilbert J. Clin Chest Med 2018;39:309–324
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Major neuromuscular and skeletal disorders 
provoking sleep hypoventilation

Neuromuscular disorders

Guillain-Barré syndrome

Myasthenia gravis

Poliomyelitis

Post-polio syndrome

Amyotrophic lateral sclerosis

Cervical or thoracic spinal cord 
injury

Polymyositis

Muscular dystrophies

Skeletal chest wall diseases

Kyphoscoliosis

Ankylosing spondylitis

McNicholas WT, et al. Eur Respir Rev 2019; 28: 190064
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Neuromuscular and Chest Wall Diseases

• Restrictive lung disease

– Low vital capacity

– Low function residual lung volume

• During sleep

– Decrease in SaO2

– Increase in PaCO2

– Increased arousals, poor sleep efficiency
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Pathophysiology of sleep-related hypoventilation in neuromuscular 
diseases

McNicholas WT, et al. Eur Respir Rev 2019; 28: 190064
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Lung Volume Changes in Sleep in Patients with 
Neuromuscular Disorder

55
Aboussouan LS, AJRCCM 2015 



PSG in NMD

Aboussouan LS, et al. Chest 2017; 152(4):880-892
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Improvement by NIV in NMD

Ward S, et al. Thorax 2005
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NIV in Patients with ALS

Bourke SC, et al. Lancet Neurol 2006
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Improvement in Survival and Quality of Life by 
NIV in Patients with ALS  

Survival Quality of Life

Bourke SC, et al. Lancet Neurol 2006
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ALS: amyotrophic lateral sclerosis



38 y/o Male with Baker’s Muscular Dystrophy 
and Nocturnal Dyspnea

FVC: 17％ of pred.

Pred.
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Sleep Studies
Nocturnal 
Hypoxemia NIV Support
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NIPPV in Neuromuscular Disease and Chest Wall 
disease

• Improving nocturnal and diurnal arterial blood 
gas

• Prolonging the survival in patients with 
daytime hypercapnia
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NIV for OHS



Pathophysiology of Obesity Hypoventilation 
Syndrome (OHS)

Masa JF, et al. Eur Respir Rev 2019
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Obesity Hypoventilation Syndrome 
(OHS, = Pickwickian syndrome)

• Definition

– Obesity: BMI ≥ 30 kg/m2

– Chronic hypoventilation: daytime PaCO2 ≥  45 mmHg

– Sleep breathing disorder: OSA or sleep hypoventilation

– Excluding severe obstructive lung disease, kyphoscoliosis, etc..

• Primary features

– Obesity

– Hypercapnia during wakefulness

• Possible co-existing features

– Hypoxemia

– Pulmonary hypertension

– Obstructive sleep apnea
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Pickwickian Syndrome -- 1956

Fat boy in “The Pickwick Papers” Clinical features

• Marked obesity

• Somnolence

• Twitching

• Cyanosis

• Periodic respiration

• Polycythemia, secondary

• Right ventricular 
hypertrophy

• Right ventricular failure

Burwell CS, et al. Am J Med 1956
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Improvement after Weight Loss

Change in Lung Function Change in Arterial Blood Gas

Burwell CS, et al. Am J Med 1956
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Comorbidities in OHS

Conditions Prevalence, %

Hypertension

Heart failure

Pulmonary hypertension

Type 2 DM

Asthma

Erythorcytosis

61-79

21-32

59-88

30-32

18-24

8-15

Mokhlesi B, et al. Chest 2007
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Poor Prognosis of OHS

Nowbar S, et al. Am J Med 2004

Simple obesity

OHS
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Treatment of OHA
CPAP for obstructive apneas, 

hypopneas and flow limitation

SaO2 < 90%

Bilevel Positive Airway Pressure 
(↑IPAP) until SaO2 > 90%

Add Oxygen if SaO2 < 90% 
when IPAP-EPAP = 8-10 cmH2O

Weight loss surgery, tracheostomy, 
or mechanical ventilation

Weight 
loss
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PAP for Obesity-related 
Respiratory Failure

Masa JF, et al. Eur Respir Rev 2019
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Improvement by NIV

Masa JF, et al. Thorax 2016;71:899–906.
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Improvement by NIV

Masa JF, et al. Thorax 2016;71:899–906.
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Improvement in Survival by NPPV

79

Nowbar S, et al. Am J Med 2004



57 y/o F, BMI: 43.7kg/m2, acute ventilatory failure 
(pH: 7.23, PaO2: 42 mmHg, PaCO2: 86mmHg)

Very severe obstructive sleep apnea (AHI: 163/hr), MinSpO2: 54%, % Of time 
of TST with SpO2<90%: 86% 80



On NIV Titration
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Conclusions

• CPAP is treatment of choice in obstructive sleep 
apnea

• In patients with HF and CSA, NIV is effective in some 
patients but no improvement in survival

• NIV is effective in patients with neuromuscular or 
chest wall diseases and could improve survival

• NIV is effective and improves survival in patients with 
OHS
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Questions and Comments?
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Pathophysiology of SDB on 
Cardiovascular System
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Antonello N, et al., J Gen Pract 2013, 1:2
86



Antonello N, et al., J Gen Pract 2013, 1:2
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NIV Settings

92
Selim BJ, et al. Chest 2017



NIV for COPD

Storre JH, et al. JCOPD 2018
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Scoring Criteria for Sleep-related
Hypoventilation -- AASM

• Adult criteria

– 10 min of sleep with PaCO2 (or surrogate) >55 mm Hg OR

– 10 mm Hg increase in PaCO2 (or surrogate) during sleep (in 
comparison to an awake supine value) to a value exceeding 50 
mm Hg for 10 min

• Pediatric criteria

– Greater than 25% of the total sleep time as measured by either 
the arterial PCO2 or surrogate is spent with a PaCO2 greater 
than 50 mm Hg

Berry RB, et al. J Clin SleepMed 2012;8(5):597–619.
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