
26    CLEVELAND CLINIC JOURNAL OF MEDICINE         VOLUME 86 • SUPPLEMENT 1         SEPTEMBER 2019

COLLEEN G. LANCE, MD
Medical Director, Sleep Laboratory, Hillcrest Hospital, 
Sleep Disorders Center, Neurological Institute,
Cleveland Clinic

Dr. Lance reported no fi nancial interests or relationships that pose a potential 
confl ict of interest with this article.

This article is based on Dr. Lance’s “Positive Airway Pressure: Making an Impact 
on Sleep Apnea” webcast released April 30, 2019, part of the “Obstructive 
Sleep Apnea: A Cleveland Clinic State-of-the-Art Review” online series (avail-
able at www.clevelandclinicmeded.com/online/sleep-apnea/default.asp). The 
article was drafted by Cleveland Clinic Journal of Medicine staff and was then 
reviewed, revised, and approved by Dr. Lance.

doi:10.3949/ccjm.86.s1.05

Positive airway pressure: 
Making an impact on sleep apnea

 ■ ABSTRACT
Positive airway pressure (PAP) devices deliver a pressur-
ized column of air to open the airway in patients with 
sleep apnea. For patients with moderate to severe sleep 
apnea, PAP therapy is the gold standard for treatment, 
with demonstrated improvements in daytime sleepiness 
and cardiovascular measures that are superior to conser-
vative treatments. For a variety of reasons, adherence to 
PAP therapy is a challenge for many patients, resulting in 
defi cits in the frequency and duration of use. To improve 
use and compliance to therapy, several advanced features 
are available to enhance comfort, pressure, and humidi-
fi cation factors associated with PAP devices. Patient 
motivation strategies such as motivational interviews, 
desensitization protocols, and PAP “NAPs” are also being 
employed to improve adherence to therapy.

 ■ KEY POINTS
PAP therapy is the gold standard treatment for moderate 
to severe sleep apnea.

Adherence to PAP therapy remains a challenge due to the 
PAP device itself and various patient comfort factors.

Features of PAP devices that may improve adherence 
are advanced pressure control, including ramp, auto 
and bilevel, heated humidifi cation, and compliance data 
reporting.

Strategies to motivate patients to use PAP therapy include 
motivational interviewing, desensitization, and PAP 
“NAPs.”

P ositive airway pressure (PAP) therapy is used 
to open an obstructed upper airway (Figure 
1). PAP therapy consists of a small bedside 
unit that creates a pressurized column of air 

that is delivered through tubing to a facial interface, 
which can be nasal, oral, or both. Collin Sullivan, 
MD, created the nasal continuous PAP (CPAP) in 
1982 using parts of a vacuum cleaner to create posi-
tive pressure that successfully resolved hypoxemia in 
a patient.1 Today, the various forms of PAP therapy 
include CPAP, the most common, auto-PAP (APAP), 
and bilevel PAP (BiPAP).

 ■ EFFICACY OF PAP THERAPY

The American Academy of Sleep Medicine practice 
guidelines for PAP are based on 342 articles, most 
rated as evidence levels I and II, concluding that 
CPAP is superior to conservative treatment to:

• Eliminate respiratory disturbances
• Reduce the apnea–hypopnea index
•  Decrease the arousal index on electro -

encephalogram
•  Increase in the total amount of slow-wave or N3 

sleep
• Reduce daytime sleepiness.2

These practice parameters are based on evidence of 
improved daytime sleepiness and reduced incidence 
of cardiovascular events in patients with moderate to 
severe obstructive sleep apnea (OSA) treated with 
PAP. The evidence is less clear for neurocognitive 
markers and cardiovascular events in the treatment 
of patients with mild sleep apnea.

Sleepiness
A study evaluated sleepiness outcomes in 149 
patients with severe sleep apnea with an average 
apnea–hypopnea index of 69 relative to the dura-
tion of nightly CPAP use. Sleepiness was measured 
using the Functional Outcomes of Sleep Question-
naire, Epworth Sleepiness Scale, and Multiple Sleep 
Latency Test. Results suggest that a greater percent-
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age of patients had improved daytime sleepiness as 
the total hours of sleep using CPAP increased.3

The Apnea Positive Pressure Long-term Effi cacy 
Study (APPLES) was a 6-month, multicenter, ran-
domized study of neurocognitive function in patients 
with OSA (N = 1,098).4 Subjective sleepiness as 
measured by the Epworth Sleepiness Scale showed 
statistically signifi cant improvement at 2 and 6 
months for patients with moderate to severe OSA 
using CPAP. Objective sleepiness as measured by the 
Maintenance of Wakefulness Test showed statisti-
cally signifi cant improvement (ie, improved daytime 
alertness) at 2 and 6 months for patients with severe 
OSA using CPAP.

Neurocognitive function
APPLES also tested for attention and psycho motor 
function as well as verbal learning and memory, 
though no statistically signifi cant improvements were 
found in these parameters.4 Executive function and 
frontal lobe function showed transient improvement 
at 2 months in patients with severe sleep apnea using 
CPAP, but the improvement was not statistically sig-
nifi cant at 6 months.

Cardiovascular outcomes
Hypertension and cardiovascular disease. Use of 
CPAP therapy reduces blood pressure in individu-
als with hypertension. A study of 32 patients who 
had a baseline polysomnography with 19 hours of 
continuous mean arterial blood pressure monitor-
ing were treated with therapeutic CPAP (n = 16) or 
subtherapeutic CPAP (n = 16).5 Therapeutic treat-
ment with CPAP for patients with moderate to severe 
OSA resulted in statistically signifi cant reductions in 

mean arterial pressure for both systolic and diastolic 
pressures. The blood pressure reductions achieved are 
estimated to reduce coronary artery diseases by 37% 
and stroke by 56%.5

The risk of cardiovascular events in men with severe 
sleep apnea is high but mitigated by the use of CPAP. 
In a cohort of 1,651 men, untreated severe sleep apnea 
resulted in a threefold increase in the rate of cardio-
vascular events per 1,000 patient-years compared with 
4 other groups: a control group, men who snore, men 
with untreated mild to moderate sleep apnea, and men 
with OSA using CPAP.6 However, when men with 
severe sleep apnea use CPAP, the risk of cardiovascular 
events is reduced to the rate in men who snore.

Atrial fi brillation. In patients with atrial fi bril-
lation treated with direct-current cardioversion-
defi brillation, the recurrence of atrial fi brillation at 
12 months was greater in patients with untreated 
OSA (82%) compared with a control group (53%) 
and patients treated for OSA (42%).7

Heart failure. In a study of 24 patients with heart 
failure, an ejection fraction less than 45%, and OSA, 
patients were randomized to a control group for medi-
cal treatment or medical treatment and nasal CPAP 
for 1 month.8 In the CPAP group, mean systolic blood 
pressure and heart rate were reduced, resulting in an 
improved ejection fraction compared with baseline, as 
well as compared with patients in the control group.

In patients with heart failure (N = 66) with and 
without Cheyne-Stokes respirations in central sleep 
apnea, patients treated with CPAP were found to 
have a 60% relative risk reduction in mortality-
cardiac transplant rate compared with the control 
group not using CPAP.9 Further stratifi cation in this 

Figure 1. Obstructed airway (left) is opened with a column of air delivered using positive airway pressure therapy (right). 
Cleveland Clinic. PAP therapy. https://my.clevelandclinic.org/health/treatments/17320-pap-therapy. Accessed July 19, 2019.
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study showed that patients with signifi cant Cheyne-
Stokes respirations and central sleep apnea had an 
improved ejection fraction at 3 months and an 81% 
reduced mortality-cardiac transplant rate.9

■ ADHERENCE
Adherence to PAP therapy is a problem in terms of 
both frequency of use and duration of use per night. A 
review of randomized control trials of CPAP compli-
ance between 2011 and 2015 found adherence varied 
widely from 35% to 87%.10 The average hours of PAP 
use per night was found to be 5 hours in APPLES.4
Patients adherent to PAP therapy at 1 month 
remained adherent at 1 year, suggesting patients using 
CPAP for 1 month were more likely to continue use 
at 1 year.10 Impediments to PAP use typically involve 
the facial interface discomfort, lack of humidity, and 
pressure intolerance.

■ FEATURES OF PAP DEVICES
Today’s PAP devices have features designed to make 
them easier to use and more comfortable to improve 
adherence to therapy. Facial interface options, heated 

humidifi ers, tubing accessories, cleaning devices, 
reporting of compliance data via telecommunication, 
and pressure adjustment features of PAP devices may 
improve patient adherence and comfort, as high-
lighted in the case scenarios presented below. 

Interfaces
Case scenario #1
A 32-year-old woman with moderate sleep apnea com-
plains that her PAP nasal mask is making very loud noises 
and is disturbing her bed partner. She is a side sleeper and 
also reports that she wakes with an extremely dry mouth.

Management of the leak could include which of the 
following?

1. Chin strap
2. Avoidance of facial creams before bedtime
3. CPAP pillow
4. Clean the mask daily
5. All of the above

Answer: All of the above.

Figure 2 shows an overview of data from the patient’s 
machine for the past month and 1 night of leak data. 
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Figure 2.  Download of positive airway pressure use data for a month (A) and leak data for a night (B).
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Both the month-use data and single-night leak data 
show mask leakage.

There are many types of PAP interfaces such as nasal 
masks, nasal pillows, nasal cushions, full-face masks, 
and less frequently used oral and total face masks. The 
mask interface is a common impediment to use of PAP 
therapy often due to poor mask fi t or leakage.

Nasal masks cover only the nose and require that 
the mouth remains closed, which can be achieved with 
the addition of a chin strap. Nasal masks are available 
in a variety of materials including cloth. Nasal pillows 
actually go into the nostrils whereas the nasal mask is 
positioned under the nose. A nasal cushion mask sits 
under the nose but does not go into the nostrils.

A study by Lanza and colleagues11 evaluated 
patient comfort with PAP therapy based on the type 
of nasal interface mask. Patients using nasal pillows 
had improvement with respect to swollen eyes, dis-
comfort, skin breakdown, and marks on the face com-
pared with patients using nasal masks; however, nasal 
pillows can cause nostril pain.

Several types of full-face masks are available, some 
that fi t over the bridge of the nose and some that fi t 
just under the nose. A variety of head straps are avail-
able to secure full-face masks. One benefi t of full-face 
masks is that air pressure is delivered to both the nose 
and the mouth, so the mouth can be open or closed. 
However, the larger surface area of the full-face mask 
increases the potential for leaks. A study of adherence 
in 20 patients using CPAP with nasal masks or full-
face masks evaluated hours per use, adherence at 12 
months, and comfort.12 Patients using full-face masks 
had more hours per use, better adherence at 12 months, 
and more comfort than patients using nasal masks.

Interface skin irritation and leak management. 
To help combat skin irritation, particularly for 
patients with rosacea, cloth products are available for 
use beneath the mask and headgear. Silicone pads for 
masks that cause pressure on the bridge of the nose 
can help protect against skin breakdown. Sleeping 
positions other than the supine position can con-
tribute to mask leak. CPAP pillows are designed to 
allow patients to sleep in their desired position while 
maintaining an adequate mask seal. The pillows are 
shaped or have cutouts that prevent the mask from 
pushing on the pillow and creating a leak.

Humidifi cation
Case scenario #2
A 54-year-old man with severe sleep apnea recently initi-
ated CPAP therapy. He quickly discontinued use due to 
nasal congestion.

Which of the following is NOT recommended?
1. Assure adequate heated humidifi cation
2. Assure that the apnea is adequately treated
3. Use of a full-face mask
4. Use of short-acting nasal decongestants
5. Use of a topical nasal steroid

Answer: Use of short-acting nasal decongestants.

Nasal congestion is a common reason for nonadher-
ence to CPAP therapy.13 Pressurized air is very dry-
ing and can be very uncomfortable. Residual apneic 
events can even precipitate further congestion. 
The use of humidifi cation with CPAP can improve 
patient comfort and compliance. The vast majority of 
patients use CPAP devices with heated humidifi ers. 
Heated humidifi cation has been found to increase 
CPAP use and improve daytime sleepiness and feel-
ings of satisfaction and being refreshed compared with 
cold humidity or no humidity.14 Cold humidifi cation 
improved daytime sleepiness and satisfaction, but not 
to the degree found with heated humidifi cation.

Heated humidifi ers are incorporated in the CPAP 
machine or attach to it. Heated in-line tubing helps 
with “rain out,” which refers to water condensation 
inside the tubing and mask associated with CPAP 
humidifi cation. 

Topical decongestants can actually worsen conges-
tion and cause a refl ex vasodilation. Topical nasal 
steroids can be used for nasal congestion and may be 
benefi cial.

Tubing
The tubing from the PAP device to the facial inter-
face can be a source of irritation to patients due to 
rubbing against the skin or entanglement. Products 
to cover the tubing to reduce irritation and avoid 
entanglement are available. Extra-long tubing is also 
available.

Cleaning
Some people fi nd cleaning CPAP equipment daunt-
ing. Cleaning devices are available and recommended 
to patients looking for reassurance about how to keep 
their CPAP equipment clean. There are also CPAP 
wipes to clean the mask of oils and creams from the 
skin to improve the mask seal and reduce leaks.

Pressure control
Advanced modalities are available to adjust how 
pressure is delivered by PAP devices, including ramp, 
APAP, pressure relief, and BiPAP. Ramp is a feature 
that delivers a lower pressure at the beginning of the 
sleep cycle and slowly increases pressure to therapeu-
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tic levels. The lower pressure makes it easier for the 
user to fall asleep and builds to therapeutic pressure 
once asleep. APAP adjusts the pressure automati-
cally when needed and reduces the pressure when 
not needed. Pressure relief is a feature that allows the 
PAP pressure to decrease at the point of expiration. 
BiPAP gives a distinct pressure on inspiration and a 
distinctively different and lower pressure at the point 
of expiration.

Auto-PAP 
Case scenario #3
A 52-year-old woman with hypertension and mild sleep 
apnea has a polysomnogram with an apnea–hypopnea 
index of 7 events per hour that increase to 32 events per 
hour in rapid eye movement (REM) sleep. She is on 
CPAP at 5 cm of water, but complains of waking every 2 
hours with a sense of panic and hot fl ashes.

Which of the following is the most likely cause of her 
symptoms?

1. An underlying anxiety disorder
2. An underlying heart condition
3. Perimenopausal symptoms
4. Undertreated REM-related apnea
5. None of the above

Answer: While all of these choices can occur, the 
most likely cause is undertreated REM-related apnea.

The sleep study overview for this patient is shown in 
Figure 3. During REM sleep, arousals and apneas are 
clustered and associated with a severe drop in oxygen 

levels. While doing well on CPAP at 5 cm of water, 
when the patient dreams, the apnea may become 
worse and more pressure may be needed.

What would be the best next step in treatment for 
this patient?

1. Hormonal replacement therapy
2.  Positional therapy in addition to CPAP
3. APAP
4. Anxiolytic medication
5. All of the above

Answer: APAP.

APAP incorporates an algorithm that detects and 
adjusts to airfl ow, pressure fl uctuations, and airway 
resistance. The consensus from the American Acad-
emy of Sleep Medicine is that APAP is useful in the 
case of:

• Pressure intolerance
• REM apnea or positional apnea
• Inadequate in lab PAP titration
• Planned weight loss (bariatric surgery)
• Recurrent symptoms after long-term CPAP use.15

Pressure relief

Case scenario #4
A 45-year-old man with severe sleep apnea uses CPAP 
at 10 cm of water. He complains of the inability to exhale 
against the pressure from the device.

What would be the best next step?
1. Set the pressure relief to a maximum of 3

Sleep onset
Lights off

End of sleep
Lights on

Sleep stages

Arousals

Apneic
events

Oximetry

Figure 3. Sleep study overview showing rapid eye movement sleep (arrow/black bar) associated with increased arousals and apneic 
events and decreased oxygen levels.
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2.  Lower the pressure of CPAP and check a down-
load use at a lower pressure

3.  BiPAP titration study in the laboratory
4.  Switch to BiPAP if insurance allows
5. Change to a different mask

Answer: Set the pressure relief to a maximum of 3.

The CPAP device delivers pressure in conjunction 
with the patient’s inspiration and expiration. At the 
point of expiration, there is a decrease in the pres-
sure delivered by the device to make it easier for the 
user to exhale. Three selectable settings provide fl ow-
based pressure relief with a setting of 1 for the least 
degree of pressure reduction and a setting of 3 for the 
greatest degree of pressure reduction.16

In a study of the effect of PAP with pressure relief, 
93 patients were assigned to use APAP without pres-
sure relief, CPAP with pressure relief (C-Flex), or 
APAP with pressure relief (A-Flex).16 At 3 and 6 
months, patients using A-Flex had the best adher-
ence to therapy.

Quality of life was also examined in this same 
study.16 For patients using APAP alone, there was 
no statistically signifi cant difference in the Epworth 
Sleepiness Scale measuring daytime sleepiness or the 
Pittsburgh Sleep Quality Index. However, in patients 
using A-Flex, daytime sleepiness improved, as did 
sleep quality, with statistically signifi cant improve-
ment at 3 months.

Bilevel PAP

Case scenario #5
A 62-year-old man with severe sleep apnea uses CPAP 
set at 17 cm of water and pressure relief set at 3. He 
stopped using CPAP due to abdominal pain, extreme 
belching, and pressure intolerance.

What would be the appropriate next step?
1. Use of simethicone
2. Elevate the head while using PAP therapy
3.  BiPAP titration study in the laboratory
4.  Switching directly to BiPAP if insurance allows
5. All of the above

Answer: All of the above.

BiPAP devices provide 2 distinct pressures, one for 
inhalation and one for exhalation. BiPAP also has 
the ability to deliver a higher overall pressure. A 
CPAP device typically has a maximum pressure of 20 
cm of water, but BiPAP has a maximum pressure of 
25 cm of water on inspiration. BiPAP may be helpful 
in patients with air aphasia and extreme belching. If 

a patient cannot tolerate CPAP because of the pres-
sure, and if C-Flex has not alleviated the problem, 
BiPAP would be the next step.

The effectiveness and level of comfort of BiPAP 
compared with CPAP for the treatment of OSA was 
evaluated by the American Academy of Sleep Medi-
cine.2 The analysis of 7 randomized control trials 
reporting level I and II evidence found that BiPAP 
was as effective as CPAP in the treatment of OSA 
in patients with no comorbidities. For patients with 
OSA and comorbidities, a level III evidence study 
reported an increased level of comfort in patients 
using BiPAP.

 ■ PATIENT-CENTERED STRATEGIES 
TO IMPROVE ADHERENCE

Innovative strategies and approaches focusing on 
patient factors affecting PAP adherence include 
motivational interviewing, motivational enhance-
ment, telemedicine, and desensitization techniques.

Motivational interviews and enhancement
Motivational interviewing and motivational 
enhancement were fi rst used to help with alcohol 
abuse.17 Motivational interviewing is goal-oriented, 
patient-centered counseling to elicit a particular 
behavioral change. The goal is to explore and resolve 
ambivalence, increase engagement, and evoke a posi-
tive response and perspective that builds momentum 
and results in action.

Motivational enhancement and motivational 
engagement in the use of PAP therapy were evalu-
ated in the Patient Engagement Study.18 Patients 
were assigned to usual care (n = 85,358) or active 
patient engagement (APE) (n = 42,679). Usual care 
involved diagnosis of apnea, initiation of CPAP, and 
follow-up, whereas APE included daily feedback (ie, 
daily scores of apnea–hypopnea index, mask leaks, 
hours used), positive praise messages, and personal 
coaching assistance. Overall adherence for patients 
assigned to APE was 87% compared with 70% in 
the usual-care group. The hours of use per night also 
increased for patients in the APE group.

The Best Apnea Interventions for Research trial 
randomized patients with or at risk of cardiovascular 
disease (N = 169) to CPAP alone or CPAP with moti-
vational enhancements for 6 months.19 Motivational 
enhancements and interventions included brief in-
person and phone interventions. An overall average 
difference of 99 minutes per night improvement in 
CPAP use was reported in the motivational enhance-
ment group compared with CPAP alone.
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The Motivational Interviewing Nurse Therapy 
study trained nurses in motivational interviewing 
and randomized 106 patients with newly diagnosed 
OSA to CPAP alone or CPAP plus motivational 
interviews.20 Motivational interviews involved 3 
sessions: 1 to build motivation prior to the CPAP 
titration, 1 to strengthen the commitment to achieve 
the prescribed time, and a booster session 1 month 
after CPAP setup. Adherence was found to improve 
at 1, 2, and 3 months in the motivational interview 
group; however, no difference between the 2 groups 
in adherence was noted at 12 months.

Telemedicine
The role of telemedicine in improving adherence 
with CPAP therapy was evaluated in 75 patients with 
moderate to severe apnea randomized to APAP alone 
or with phone call support from a research coordina-
tor.21 Phone calls occurred 2 days after device setup, 
and daily monitoring of several factors was done via 
modem. Patients were contacted if the mask was 
leaking more than 30% of the night, use was less than 
4 hours per night on 2 consecutive nights, the apnea–
hypopnea index was greater than 10, or the average 
pressure needed was higher than 16 cm of water. 
Statistically signifi cant improvement was found in 
the telemedicine group in mean adherence, minutes 
used per day, and mean amount of time spent with 
the patients.

Desensitization to PAP therapy
Case scenario #6
A 33-year-old woman with a history of anxiety and 
depression and a remote history of abuse as a child was 

diagnosed with severe apnea. When she tries to use her 
CPAP, she has a sense of panic and cannot proceed.

Which of the following has NOT been shown to be 
benefi cial in this situation?

1. Psychologist for behavioral therapy
2. Desensitization protocol
3. PAP “NAP”
4. Short-acting hypnotics
5. None of the above

Answer: Short-acting hypnotics.

The short-acting hypnotic zaleplon (Sonata) was 
evaluated in a 1-month study of 88 patients compared 
with placebo control, and no difference was found 
between the 2 groups in measures of adherence to 
therapy or symptoms.22

A protocol for desensitization to CPAP use is help-
ful to assist patients in acclimating to therapy. An 
example of the steps in a desensitization protocol that 
patients can do at home is provided in Table 1.

PAP NAP. For some people, at-home desensitiza-
tion is not enough, and a sleep lab session may be 
needed. A PAP NAP is a daytime study conducted 
in the sleep lab. Patients do not necessarily sleep, but 
work with a technologist with a minimal hookup to 
polysomnography equipment on mask desensitiza-
tion, as well as biofeedback techniques. PAP NAPs 
are indicated for patients with claustrophobia, anxi-
ety surrounding PAP therapy, or pressure intolerance.

A study of 99 patients with moderate to severe 
apnea and insomnia and concomitant psychiatric 
disorders resistant to CPAP evaluated adherence in a 
group receiving a PAP NAP (n = 39) compared with 
a control group (n = 60).23 The PAP NAP group had 
marked improvement in completion of CPAP titra-
tion in the lab, fi lling the CPAP prescription, and 
using CPAP more than 5 days a week and more than 
4 hours a night.

A new innovative concept called the Sleep Apnea 
Patient-Centered Outcomes Network is a collab-
orative group that includes patients, researchers, and 
clinicians.24 The group addresses issues such as cost, 
outcomes, and value in the diagnosis and treatment 
of sleep apnea. A patient-centered website provides 
forums, education, and data collection capability for 
researchers (myapnea.org).

 ■ SUMMARY
PAP therapy is the gold standard for treatment of 
patients with moderate to severe OSA, though poor 
adherence to PAP therapy is a persistent problem. 

TABLE 1
Home-base continuous positive airway pressure 
(CPAP) desensitization protocol

Step 1:  Turn on the CPAP device, hold the mask in front 
of the face, and breathe calmly for a few minutes. 
Repeat this several times a day until comfortable, 
then proceed to step 2.

Step 2:  With the mask unattached from the CPAP device, 
place the mask on the face for 15 minutes at a time 
while doing normal daily activities. Repeat several 
times until comfortable, then proceed to step 3.

Step 3:  Use the mask attached to the CPAP device for short 
daytime naps. Repeat several times until comfortable, 
then proceed to step 4.

Step 4: Use CPAP at night.
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Advanced features in PAP devices such as APAP 
and other innovative strategies like motivational 
enhancement and desensitization protocols and PAP 
NAP are being used to address poor adherence. More 
randomized controlled trials are needed to evaluate 
PAP for sleep apnea.

 ■ REFERENCES
 1. Sullivan CE, Issa FG, Berthon-Jones M, Eves L. Reversal of obstruc-

tive sleep apnoea by continuous positive airway pressure applied 
through the nares. Lancet 1981; 1(8225):862–865.

 2. Gay P, Weaver T, Loube D, Iber C. Evaluation of positive airway pres-
sure treatment for sleep related breathing disorders in adults: a 
review by the Positive Airway Pressure Task Force of the Standards 
of Practice Committee of the American Academy of Sleep Medicine. 
Sleep 2006; 29(3):381–401.

 3. Weaver TE, Maislin G, Dinges DF, et al. Relationship between hours 
of CPAP use and achieving normal levels of sleepiness and daily 
functioning. Sleep 2007; 30(6):711–719. 

 4. Kushida CA, Nichols DA, Holmes TH, et al. Effects of continuous 
positive airway pressure on neurocognitive function in obstructive 
sleep apnea patients: the Apnea Positive Pressure Long-term Effi cacy 
Study (APPLES). Sleep 2012; 35(12):1593–1602.

 5. Becker HF, Jerrentrup A, Ploch T, et al. Effect of nasal continuous 
positive airway pressure treatment on blood pressure in patients 
with obstructive sleep apnea. Circulation 2003; 107(1):68–73.

 6. Marin JM, Carrizo SJ, Vicente E, Agusti AGN. Long-term cardio-
vascular outcomes in men with obstructive sleep apnoea-hypopnoea 
with or without treatment with continuous positive airway pres-
sure: an observational study. Lancet 2005; 365(9464):1046–1053.

 7. Kanagala R, Murali NS, Friedman PA, et al. Obstructive sleep 
apnea and the recurrence of atrial fi brillation. Circulation 2003; 
107(20):2589–2594.

 8. Kaneko Y, Floras JS, Usui K, et al. Cardiovascular effects of con-
tinuous positive airway pressure in patients with heart failure and 
obstructive sleep apnea. N Engl J Med 2003; 348(13):1233–1241.

 9. Sin DD, Logan AG, Fitzgerald FS, Liu PP, Bradley TD. Effects of 
continuous positive airway pressure on cardiovascular outcomes in 
heart failure patients with and without Cheyne-Stokes respiration. 
Circulation 2000; 102(1):61–66.

 10. Tan B, Tan A, Huak CY, Yingjuan M, Siang WH, Poh HP. Adherence 
to continuous positive airway pressure therapy in Singaporean 
patients with obstructive sleep apnea. Am J Otolaryngol 2018; 
39(5):501–506.

 11. Lanza A, Mariani S, Sommariva M, et al. Continuous positive airway 
pressure treatment with nasal pillows in obstructive sleep apnea: 
long-term effectiveness and adherence. Sleep Med 2018; 41:94–99.

 12. Mortimore IL, Whittle AT, Douglas NJ. Comparison of nose and face 
mask CPAP therapy for sleep apnoea. Thorax 1998; 53(4):290–292.

 13. Morgenthaler TI, Kapen S, Lee-Chiong T, et al. Practice parameters 
for the medical therapy of obstructive sleep apnea. Sleep 2006; 
29(8):1031–1035.

 14. Massie CA, Hart RW, Peralez K, Richards GN. Effects of humidifi cation 
on nasal symptoms and compliance in sleep apnea patients using 
continuous positive airway pressure. Chest 1999; 116(2):403–408.

 15. Morgenthaler TI, Aurora RN, Brown T, et al; Standards of Practice 
Committee of the AASM. Practice parameters for the use of auto-
titrating continuous positive airway pressure devices for titrating 
pressures and treating adult patients with obstructive sleep apnea 
syndrome: an update for 2007. Sleep 2008; 31(1):141–147.

 16. Chihara Y, Tsuboi T, Hitomi T, et al. Flexible positive airway pressure 
improves treatment adherence compared with auto-adjusting PAP. 
Sleep 2013; 36(2):229–236.

 17. Miller WR, Rollnick S. Motivational interviewing: Preparing people 
to change addictive behavior. New York: Guilford Press; 1991.

 18. Malhotra A, Crocker ME, Willes L, Kelly C, Lynch S, Benjafi eld AV. 
Patient engagement using new technology to improve adherence 
to positive airway pressure therapy: a retrospective analysis. Chest 
2018; 153(4):843–850.

 19. Bakker JP, Wang R, Weng J, et al. Motivational enhancement for 
increasing adherence to CPAP: a randomized controlled trial. Chest 
2016; 150(2):337–345.

 20. Olsen S, Smith SS, Oei TP, Douglas J. Motivational interviewing 
(MINT) improves continuous positive airway pressure (CPAP) accep-
tance and adherence: a randomized controlled trial. J Consult Clin 
Psychol 2012; 80(1):151–163.

 21. Fox N, Hirsch-Allen AJ, Goodfellow E, et al. The impact of a tele-
medicine monitoring system on positive airway pressure adherence 
in patients with obstructive sleep apnea: a randomized controlled 
trial. Sleep 2012; 35(4):477–481.

 22. Park JG, Olson EJ, Morgenthaler TI. Impact of zaleplon on continu-
ous positive airway pressure therapy compliance. J Clin Sleep Med 
2013; 9(5):439–444.

 23. Krakow B, Ulibarri V, Melendrez D, Kikta S, Togami L, Haynes P. A 
daytime, abbreviated cardio-respiratory sleep study (CPT 95807-52) 
to acclimate insomnia patients with sleep disordered breathing 
to positive airway pressure (PAP-NAP). J Clin Sleep Med 2008; 
4(3):212–222.

 24. Redline S, Baker-Goodwin S, Bakker JP, et al; for the Sleep Apnea 
Patient-Centered Outcomes Network. Patient partnerships trans-
forming sleep medicine research and clinical care: perspectives 
from the sleep apnea patient-centered outcomes network. J Clin 
Sleep Med 2016; 12(7):1053–1058.

Correspondence: Colleen G. Lance, MD, Sleep Disorders Center, Neurological 
Institute, S73, Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195;  
lancec@ccf.org

 on May 9, 2026. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

