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Describe both Obstructive Sleep Apnea and Chronic 
Obstructive Pulmonary Disease 

Describe the challenges of managing patients complex 
breathing disorders 

Understand the application of Noninvasive Positive Airway 
Pressure 



Managing COPD patients is a major issue

SOURCE: American Lung Association.

Growing COPD population Changing COPD reimbursement

Medicare has  
made unscheduled 

readmissions 
a major performance 

indicator needed for full 
reimbursement
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May be undiagnosed



Focus on COPD

• Changes in re-imbursement models
• Movement from a FFS to Quality based payment

• Re-admission penalties
• Penalizes hospitals financially for higher than average 

readmission rates
• In theory, rewards delivery of quality in-patient and post-

discharge care

• Impact act
• Post Discharge Space

• Reporting guidelines
• Allows comparing of quality of care across all 

services:  SNF, LTAC, HHS, etc.
• The reporting will eventually be made public



COPD population management

• Programs designed to identify COPD patients early

• Stresses patient and caregiver education to allow for self 
recognition and management of symptoms

• Promote lifestyle adjustments to avoid airway irritants and 
triggers
• Smoking cessation
• Environmental pollutants

• Provide for the progressive needs of the COPD Patient

• Provides monitoring and metrics for reporting 
• Utilized to determine effectiveness and compare against 

benchmarks

• Address the co-morbidities often present in the COPD 
population

• Prevent exacerbations and readmissions



• >12 million Americans diagnosed

• Up to 24 million undiagnosed1

The burden of COPD is growing

• 23% 30-day readmission rate in 20122

• Penalties are being shifted to providers 

Costs are rising unabatedHuge COPD patient population

1. SOURCE: American Lung Association. 2013, 2014.
2. .Jencks et al. Rehospitalizations among patients in the Medicare fee-for-service program. N Engl J Med. 2009;360:1418-28



Challenges being faced

Incomplete care teams

Lack of care team alignment

Poor communication

No standardized protocols

Low consideration beyond the acute setting

Little adherence to care best practices

Lack of effective patient education

Suboptimal use of therapies

NOT FOR DISTRIBUTION
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COPD care teams need a 
strategy to transform outcomes



Impact of  Sleep 

• COPD patients may have more hypopneas vs. 
apneas

• Patients with moderate to severe COPD may 
have a marked response to REM sleep states 
with dramatic drop in oxygenation

• Patients may have nocturnal desaturation 
without having daytime desaturation

• Factors that will impact extent of Overlap 

Syndrome

– Hypoventilation

– Desaturation during NREM & REM sleep

– Alterations in ventilation vs. perfusion with 

body position

– Daytime PaO2 and PaCO2



Normal Ventilatory Changes During Sleep

1. “Pulmonary Overlap Syndromes, with a focus on COPD and ILD”, Sleep Med Clin. 2014 Sep; 9(3): 365–379. 



Let’s put COPD into the mix…

1. “Pulmonary Overlap Syndromes, with a focus on COPD and ILD”, Sleep Med Clin. 2014 Sep; 9(3): 365–379. 



Therapeutic Considerations

• Medication Management

• How are medications impacting sleep quality
• Beta-agonists
• Steroids

• Secretion Clearance
• Coughing disrupting sleep
• Gas exchange and airflow disruption

• Lifestyle considerations
• Caffeine
• Sleep environment
• Environmental 



COPD Co-morbid Conditions

• Asthma

• Congestive Heart Failure

• CAD/ISCH

• Diabetes

• Hypertension

• Depression/Anxiety

• OSA/Sleep Disordered Breathing

COPD Foundation



Let’s think about this…..what are the symptoms

COPD

• Daytime Sleepiness

• Insomnia

• Headaches

• Loss of concentration

• Irritability/Depression/Anxiety

• Shortness of breath on waking

• Nocturnal Desaturations

OSA1

• Daytime Sleepiness

• Headaches

• Loud Snoring

• Memory and learning problems.  Loss of concentration

• Irritability, Depression

• Waking gasping for air

• Nocturnal desaturations

1.  National Heart, Lung and Blood institute



• We don’t recognize the patient for who they are.

• A COPD patient in the sleep lab is not your average OSA patient

• Guess what, they still may have significant OSA…or they may not…or 
maybe some other sleep disorder

• It’s easy to over-titrate the CPAP level due to existing sleep lab 
protocols

• Confusing technology



COPD and Obstructive Sleep Apnea

• Two of the most prevalent chronic respiratory disorders in 
clinical practice.

• Common co-morbidity in each disorder. 

• COPD patients are prone to poor sleep quality
Disturbances in ventilation and gas exchange during 
sleep1

• Referred to as the overlap syndrome2

• Overlap patients develop more pronounced nocturnal oxygen 
desaturation than COPD or obstructive sleep apnea

• May result in pulmonary hypertension and more 
severe cardiovascular disease.3

1. Collop N. Sleep and sleep disorders in chronic obstructive pulmonary disease. Respiration 2010; 80:78–86
2. Shteinberg M, Weiler-Ravel D, Adir Y. The overlap syndrome: obstructive sleep apnea and chronic obstructive pulmonary disease. Harefuah 2009; 148:333–336.
3. Chaouat A, Weitzenbum E, Krieger J, et al. Association of chronic obstructive pulmonary disease and sleep apnea syndrome. Am J Respir Crit Care Med 1995; 151:82–86.

COPD
OSA

Overlap

Disease 



OSA/COPD Crossover

A study published in 2004 found:

1. 16% of patients with OSA only had pulmonary hypertension
2. 86% of those with OLDOSA had this comorbidity.2

1. Bill Pruitt, MBA, RRT, CPFT, AE-C, FAARCA, “Deadly Duo: When COPD And OSA Overlap”, RT for Decision Makers in Respiratory Care, 
2. Hawrylkiewicz I, Sliwin´ski P, Górecka D, Plywaczewski R, Zielin´ski J. Pulmonary haemodynamics in patients with OSAS or an overlap syndrome. Monaldi Arch Chest Dis. 2004;61(3):148-152
3. Marin JM, Soriano JB, Carrizo SJ, Boldova A, Celli BR. Outcomes in patients with chronic obstructive pulmonary disease and obstructive sleep apnea: the overlap syndrome. Am J Resp Crit Care Med. 2010;182(3):325-31

When compared to patients with OSA or COPD alone, patients with crossover OSA/COPD have an increased 
risk for:

1. Prolonged oxygen desaturation at night
2. Pulmonary Hypertension
3. Right sided heart failure and cor-pulmonale1

In a study published in 2010, data on patients with COPD versus those with OLDOSA covering a 9-year period 
were studied.  

1. OLDOSA patients not treated with CPAP, all-cause mortality was 42.2%.  
2. COPD patients with no OSA, all-cause mortality was 24.2%.3



COPD/OSA Crossover:  Outcomes

1. Outcomes in patients with chronic obstructive pulmonary disease and obstructive sleep apnea: the overlap syndrome, Am J Respir Crit Care Med. 2010 Aug 1;182(3):325-31

• 228 patients with overlap syndrome treated with CPAP
• 213 patients with overlap syndrome not treated with CPAP
• 210 patients with COPD without OSA

Patients with overlap syndrome not treated with CPAP
• Had a higher mortality rate (1.79 relative risk)
• More likely to experience a severe COPD exacerbation requiring hospital admission (1.70 relative risk)

Patients with overlap syndrome treated with CPAP had no increase in risk for either readmission due to severe 
exacerbation or higher mortality.



CPAP Therapy
• Provides a pneumatic splint to maintain the upper airway

• Increases FRC

• May be offset by a decrease in air trapping resulting from the opening of previously closed airways
• Dynamic hyperinflation possible
• May increase intolerance of therapy

• Easy to over-titrate CPAP during PSG due to existing protocols

• Consider Bilevel

• Bilevel is PS ventilation with PEEP
• Increasing PS decreases hypopneas
• RAD Policy

• Only reimbursed by CMS for the treatment of OSA



COPD Patients In The 
Sleep Lab



Relationship between OSA and COPD: 
Sleep Heart Health Study

• Evaluated polysomnography and spirometry results of 5954 patients enrolled 
in SHHS.

• Aim of study: 

• evaluate the association between OSA and COPD

• evaluate the impact of desaturation on patients with COPD both with and without OSA

• A total of 1132 crossover patients included in the study   

Sanders, et al AJRCCM 2003:7 - 14



Sleep Disordered Breathing in patients with Mild OSA

Sanders, et al AJRCCM 2003:7 - 14

• There was no association between mild COPD and OSA

• After adjusting for factors, patients with an FEV1/FVC <65% is 

associated with increased risk of sleep disordered breathing 

– FEV1/FVC <60% were 3 times more likely to have sleep 

disordered breathing

• Desaturation is greater in patients with OSA and COPD 

compared to those with only one disease

• Individuals with mild COPD and no OSA have minimal sleep 

impact
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Maintaining Balance

➢ Body produces CO2 at a given rate

➢ PaCO2 is a direct reflection of alveolar ventilation

➢ Decreased ventilation/ ineffective lung function increases CO2 levels



Hypoventilation

The state in which a reduced amount of air enters the alveoli in the 
lungs, resulting in decreased levels of oxygen and increased levels 
of carbon dioxide in the blood. 

PaO2

PaCO2

Reduced tidal volume (Vt)

Decrease in respiratory rate



PaCO2 is a direct reflection of the effectiveness of alveolar ventilation

Vt - Vd = Alveolar ventilation 

Maintaining Balance

Vt 500
RR 12
MV 6000cc
Vd 150cc 

(1800cc)

VALV 4200cc

Vt 400
RR 15
MV 6000cc
Vd 150cc 

(2250cc)

VALV 3750cc

Vt 400
RR      17
MV     6800cc
Vd 150cc

(2550cc)

VALV 4250cc

Assume the patient is 5’9” and weighs 150 pounds

Decrease in Vt – 20% Increase in respiratory rate - >40%



Bi-Level devices:  What you need to understand

• Pressure Support = Difference Between IPAP and EPAP

More pressure support = more VOLUME per breath



Bi-Level devices -What you need to understand

Trigger: 

Transition from EPAP to IPAP 

• With spontaneous breathing the patient triggers the device

IPAP 12 cmH20

EPAP 5 cmH20c
Trigger



Bi-Level devices - What you need to understand

Cycle: Transition from IPAP to EPAP

• With Spontaneous breathing the patient cycles the device

IPAP 12 cmH20

EPAP 5 cmH20c

Cycle



Bi-Level devices - What you need to understand

Provides a pressure but a variable volume delivery. 



Bi-Level devices - Average Volume Assured 
Pressure Support

AVAPS Provides variable PS but a consistent volume



High Intensity Non-Invasive Ventilation

Conclusion:  Application of high-intensity NPPV improves alveolar ventilation, blood gases during 
spontaneous breathing, lung function and hematocrit in stable hypercapnic COPD patients.1

1. Wolfram Windisch, Moritz Haenel, Jan H Storre, and Michael Dreher, “High-intensity non-invasive positive pressure ventilation for stable hypercapnic COPD”, Int J Med 
Sci. 2009; 6(2): 72–76

73 COPD Patients on High Intensity NIV
Average settings:

RR 21 +/- 3
IPAP 28 +/- 5
EPAP 5 +/- 1

Pressures were started off low and then systematically increased

IPAP increased to the point prior to tolerance failure
RR increase to slightly above spontaneous rate
EPAP maintained at low levels to avoid dynamic hyperinflation



Bi-level and Non-invasive Ventilation 



Best 
Match



BiPAP 
AVAPS 
Patient 
Types
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Average 
Volume 
Assured 

Pressure 
Support 
(AVAPS)

• AVAPS is a feature that 
always drives the BiPAP unit 
to a set tidal volume 

• Used for patients with 
changing respiratory needs

36



Bi-level with 
Volume Assured

• Acts primarily as a bi-level pressure 
support device but is able to provide a 
constant tidal volume

• Automatically adjusts the pressure 
support level to maintain a consistent 
tidal volume

• IPAP will automatically increase 
or decrease to maintain set tidal 
volume



AVAPS®

• Automatically adjusts 
the pressure support 
level to maintain a 
consistent tidal 
volume

• IPAP will 
automatically 
increase or decrease



Clinical Benefits of 
Bi-Level with 
Volume Assured

• Maintains ventilatory support 
and tidal volume during 

• progressive ventilatory 
changes of the patient

• positional changes during 
sleep

• Alarms to indicate that tidal 
volume is not being maintained



Height (inches) 59 61 63 65 67 69 71 73 75 

Ideal Weight (kg) 52.0 55.5 59.0 62.5 66.5 70.5 74.5 78.5 83 

8 ml/kg VT 420 440 470 500 530 560 600 630 660 

 

Suggested 
Titration 

Protocol for 
BiPAP® AVAPS 

1. Set Tidal Volume target

2. Set IPAPmin at 8 cm H2O

3. Set IPAPmax at 25 cm H2O

4. Set EPAP at 4 cm H2O

5. Set Rate at 8-10 BPM or 2 BPM below the patient’s 

spontaneous rate

6. Set I-Time at 1.5 seconds or patient comfort

7. Set Rise time at 2 or 3 or patient comfort

Three ways to choose a starting tidal volume with 
AVAPS
1. MD suggestion
2. Patient Comfort
3. Ideal body weight: 8 ml/kg*

*AVAPS suggested tidal volume settings based on height 
and ideal weight



Suggested Titration Protocol for 
BiPAP AVAPS 

Observe for Events

Respiratory Events***
• Inadequate Tidal Volume

➢ increase the Tidal Volume target
• Inadequate Respiratory Rate

➢ increase RR by 2 BPM
• Inadequate Oxygenation

➢ increase EPAP
• Wait 5 minutes

Obstructive Events*
➢ Increase EPAP by 1 cm 

H2O
Other** 
➢ Hypopneas, RERAs, 

Snoring

*Obstructive Event

≥ 2 obstructive apneas

**Other

≥ 3 hypopneas, or ≥ 5 RERAs, or ≥ 3 minutes of loud, definite snoring

***Respiratory Event

Appearance of, or worsening of, hypoventilation during sleep



Case Studies 

Let’s Review 



Summary

•Diagnose the right problem
• Treat with the right solution 
•Monitor adherence and report outcomes 


