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Nasal continuous positive airway pressure (CPAP) 
has become the treatment of choice for the initial manage-
ment of obstructive sleep apnea. 

Nasal CPAP is usually considered when a patient 
with obstructive sleep apnea has an apnea-hypopnea index 
(the mean number of episodes of apnea or hypopnea per hour 
of sleep) of greater than 20 or if the index is between 5 and 
20 and the patient has significant daytime sleepiness or has 
cardiovascular risk factors such as hypertension, hyper-
cholesterolemia, cigarette smoking, or obesity. The opti-
mum pressure for the individual patient should be determined 
in a sleep laboratory. Many patients do not actually use 
CPAP as directed (all night, every night); newer machines, 
counseling, and measures to reduce side effects may improve 
compliance. During the first few nights of CPAP therapy, 
as the patient sleeps more soundly, the risk of apnea and hy-
poxemia may actually increase; thereafter, the pattern of sleep 
returns to normal. 
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OBSTRUCTIVE SLEEP ap-
nea ( O S A ) is a life-
threatening condition 
characterized by repeti-

tive episodes of total or partial clo-
sure of the upper airway during 
sleep resulting in episodic hypox-
emia, arousal from sleep, and day-
time sleepiness. Some major com-
plications of O S A include traffic 
and work accidents (due to day-
time somnolence), pulmonary hy-
pertension, cor pulmonale, cardiac 
arrhythmias, hypertension, and in-
creased incidence of strokes and 
myocardial infarction. Treatment 
ranges from conservative measures 
such as weight loss to surgical pro-
cedures such as tracheostomy.1 

Nasal continuous positive airway 
pressure (CPAP), introduced by 
Sullivan in 1981,2 has become the 
treatment of choice for the initial 
management of OSA.1 When used 
at night at the appropriate pressure, 
nasal CPAP eliminates episodes of 
apnea and hypopnea due to upper 
airway obstruction'; the patient 
therefore enjoys more undisturbed 
sleep4 (and less subjective hyper-
somnolence while awake).1 in addi-
tion, CPAP has been shown to im-
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F I G U R E . Left, the airway normally remains open during sleep. Middle, in a patient with obstructive sleep apnea (OSA), poor 
muscle tone allows the tongue and soft palate to be sucked back against the posterior oropharyngeal wall during inspiration, 
occluding the airway. Patients especially prone to this problem are overweight, middle-aged men who breathe through the 
mouth and who sleep supine. Right, a nasal continuous positive airway pressure (CPAP) device creates a pneumatic "splint" 
that keeps the upper airway open, thereby eliminating apnea. 

prove prognosis by preventing long-term cardiopul-
monary sequelae.2,6-8 

HOW C P A P W O R K S 

Nasal CPAP creates a positive pressure in the 
upper airway, thereby providing a "pressure splint" to 
eliminate apnea (Figure).12 Another proposed mode 
of action is an increase in functional residual capac-
ity, which in turn reflexively dilates the pharynx." 
However, the pressure-splint mechanism is generally 
believed to be the predominant mode of action. 

I N I T I A T I N G C P A P T H E R A P Y 

In OSA, nasal CPAP is usually considered when 
the apnea-hypopnea index (the mean number of 
episodes of apnea or hypopnea per hour of sleep) is 
greater than 20 or if the index is between 5 and 20 
and the patient has significant daytime sleepiness or 
has cardiovascular risk factors such as hypertension, 
hypercholesterolemia, cigarette smoking, or obe-
sity.10 Primary snoring (ie, snoring without symp-
toms suggestive of O S A or without significant ap-
neas or desaturations) does not require CPAP 
therapy.10 

The optimum level of CPAP for each patient 
should be determined in a sleep laboratory. This can 
be accomplished in one night of testing. At the 
Cleveland Clinic, we usually have the patient try 
sleeping with a CPAP unit set to a low level (7.5 cm 
H 2 0 ) at home for a few days to get used to it before 
undergoing sleep testing. The nose mask and the 
pressure sensation make sleeping a novel experience, 

and it is important to explain this therapy in detail. 
Sufficient pressure must be used to prevent apnea in 
all sleep stages and, preferably, in the supine and 
lateral postures.1,10 The minimum pressure that re-
duces apneic and hypopneic episodes or hypoxemia 
to acceptable levels is appropriate. In addition, this 
pressure should be titrated to eliminate oxygen de-
saturations, snoring, and arousals. Since higher pres-
sure can be uncomfortable to sleep with, the minimal 
pressure that reasonably eliminates the majority of 
the sleep and respiratory disturbances is used. In gen-
eral, patients need higher pressures when supine and 
during rapid-eye-movement (REM) sleep. In addi-
tion, alcohol intake can depress the upper airway 
muscles.11 Therefore, a pressure that is adequate 
when an alcoholic patient is sober may not be ade-
quate when the patient is intoxicated. 

Most patients need a pressure between 7.5 and 
12.5 cm H : 0 (overall range 4 to 20 cm H 2 0 ) . The 
patient should use the same model of machine at 
home that was used in the laboratory, because differ-
ent machines may have different characteristics, 
even at the same pressure settings.12 

During the first few nights of CPAP use, there is 
usually a rebound increase in both rapid-eye-move-
ment (REM) sleep and stage 4 non-REM sleep—the 
deeper level of sleep.4 Patients sleep more soundly 
and are harder to arouse.4 During this REM-rebound 
period, life-threatening hypoxemia can occur, par-
ticularly in patients with severe sleep apnea and 
hypercarbia.13 For this reason, some experts recom-
mend that CPAP be initiated in the hospital in 
patients with congestive heart failure, severe noc-
turnal hypoxemia, or carbon dioxide retention and 
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other medical problems such as coronary artery dis-
ease.' After four to seven nights of treatment, the 
pattern of sleep normalizes, and daytime sleepiness 
decreases significantly.14 

P R O B L E M S W I T H C O M P L I A N C E 

It is very important that the patient use CPAP all 
night every night, because even one night without 
treatment has been reported to reverse much of the 
gain in daytime hypersomnolence in some pa-
tients.1,15 

Even though CPAP is effective, not all patients 
accept it. Compliance varies from center to center, 
depending on the definition of compliance used, the 
staffs skill and experience in initiating therapy, the 
adequacy of follow-up, and, perhaps, the type of 
CPAP device and mask used. In studies of unselected 
O S A patients and in studies based on patients' self-
reports, the compliance rate was approximately 
75%.16_lif Similar rates have been obtained in studies 
that documented CPAP use on the basis of the cu-
mulative time the CPAP unit was turned on.19,20 

However, in a more recent study, Kribbs et al21 

gave 35 patients CPAP machines that monitored 
both the duration of use and the actual pressure at 
the mask. Only 4 6 % of the patients actually used 
CPAP regularly (defined rather leniently as at least 
4 hours on 7 0 % of the nights monitored). In addi-
tion, the patients gave inaccurate estimates both of 
how many nights they used CPAP and of how many 
hours per night they used it. Hence, these investiga-
tors concluded that actual CPAP use in O S A falls 
short of the therapeutic goal of providing quality 
sleep all night, every night. This underscores the 
importance of efforts to enhance CPAP use, espe-
cially early in treatment. 

S I D E E F F E C T S OF C P A P 

Patients commonly report the side effects of nasal 
congestion, nasal dryness, and claustrophobia. They 
also complain that CPAP is inconvenient; the older 
devices are heavy, large, and not very portable; and 
CPAP therapy leads to less intimacy with one's bed 
partner.3,21 Many cannot tolerate the pressure sensa-
tion. A case of massive epistaxis and pneumo-
cephalus in a patient with a cerebrospinal fluid leak 
has been reported.' 

Nasal congestion may necessitate use of intranasal 
vasoconstrictors, intranasal steroids, and sometimes, 

intranasal anticholinergics.3 Humidification can al-
leviate both nasal congestion and nasal dryness.3 In-
convenience and claustrophobia can be overcome by 
proper psychosocial counselling designed to reduce 
the patient's fear and make this therapy less intru-
sive.21 

The newer CPAP devices are well designed and 
relatively quiet, and the newer masks are self-seal-
ing, light, and relatively comfortable. These im-
provements have greatly reduced complications 
such as noise intolerance, conjunctivitis due to air 
leaks, and ulceration of the nasal bridge due to 
mask pressure. In patients who cannot tolerate 
CPAP, systems that increase the pressure slowly as 
the patient falls asleep (the "ramp" device) or that 
reduce the expiratory pressure (the bilevel positive 
airway pressure—BiPAP—system) may be help-
ful.10 A newly developed CPAP system, called "de-
mand" or "smart" CPAP, may eventually replace 
the currently available CPAP machines. In this de-
vice, the machine self-adjusts the pressure for each 
breath, depending on the airflow and airway resis-
tance. A damaged mask, increasing weight, alcohol 
use, nasal obstruction, or, very rarely, machine fail-
ure can cause CPAP to fail late in the course of 
therapy.3 Patients for whom CPAP or its modifica-
tions fail may have to resort to surgical therapy. 

O T H E R I N D I C A T I O N S 

Nasal CPAP has also been useful in central (ie, 
neurogenic) sleep apnea, sleep apnea with chronic 
lung disease and heavy snoring, and apnea with 
nocturnal asthma.3 The recently described entity 
called the upper airway resistance syndrome 
(UARS) is also an indication for CPAP therapy.22 

Patients with U A R S complain of hypersomnolence 
and snoring. Polysomnography reveals repeated 
arousals but a normal apnea-hypopnea index and 
oxygen saturation, and esophageal balloon ma-
nometry reveals that increasing inspiratory efforts 
are associated with these arousals, indicating sub-
clinical airway obstruction. 

L O N G - T E R M B E N E F I T S 

In addition to alleviating snoring, apnea, and 
somnolence, long-term CPAP has a number of other 
benefits. Mood, psychological function, and intel-
lectual function improve,23 and testosterone and so-
matomedin levels normalize.3,24 In addition, sexual 
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function (as assessed by patients' bed partners) has 
been reported to improve.3 Right-sided heart failure, 
hypertension, and even left ventricular dysfunction 
have responded to CPAP treatment.3,25 Long-term 
follow-up has demonstrated no deleterious effects 
on lung function.26 

Although nasal CPAP greatly reduces the sever-
ity of OSA, by itself it does not lead to a permanent 
cure.2' Lehrhaft et al27 have shown that sleep apnea 
declines and respiratory function improves over the 
first 3 to 12 months of CPAP therapy, and then 
these stabilize. The swelling, erythema, and edema 
caused by the mechanical effects of snoring resolve 
with treatment,'2 ' resulting in increased upper air-
way dimensions.21" In addition to thus improving 

R E F E R E N C E S 

1. Kryger M H . Management of obstructive sleep apnea: overview. 
In: Kryger MH, Roth T, Dement W C , editors. Principles and 
practice of sleep medicine. 2nd ed. Philadelphia: W B Saunders, 
1994 :736-747 . 

2. Sullivan CE, Issa F G , Berthon-Jones M, Eves L . Reversal of 
obstructive sleep apnea by continuous positive airway pressure 
applied through the nares. Lancet 1981 ;1 :862-865 . 

3. Sullivan CE, Grunstein R R . Continuous positive airway pres-
sure in sleep-disordered breathing. In: Kryger MH, Roth T, De-
ment W C , editors. Principles and practice of sleep medicine. 2nd 
ed. Philadelphia: W B Saunders, 1994 :694-705 . 

4- Issa F G , Sullivan C E . T h e immediate effects of nasal continu-
ous positive airway pressure treatment on sleep pattern in patients 
with obstructive sleep apnea syndrome. Electroencephalogr Clin 
Neurophysiol 1985; 6 3 : 1 0 - 1 7 . 

5. Rajagopal K R , Bennet t LL, Dillard T A , Tellis CJ , Tenholder 
MF. Overnight nasal CPAP improves hypersomnolence in sleep 
apnea. Chest 1986; 9 0 : 1 7 2 - 1 7 6 . 

6. Sanders M H , Moore SE, Eveslage J . C P A P via nasal mask: a 
treatment for occlusive sleep apnea. Chest 1983; 8 3 : 1 4 4 - 1 4 5 . 

7. Rapoport D M , Sorkin B , Garay SM, Goldring R M . Reversal of 
the "Pickwickian syndrome" by the long-term use of nocturnal 
nasal-airway pressure. N Engl J Med 1982; 3 0 7 : 9 3 1 - 9 3 3 . 

8. Sullivan C E , Berthon-Jones M, Issa F G . Remission of severe 
obesity-hypoventilation syndrome after short-term treatment dur-
ing sleep with continuous positive airway pressure. Am Rev Resp 
Dis 1983; 1 2 8 : 1 7 7 - 1 8 1 . 

9. Hoffstein V, Zamel N , Phillipson E A . Lung volume depend-
ence of pharyngeal cross-sectional area in patients with obstruc-
tive sleep apnea. Am Rev Resp Dis 1984; 1 3 0 : 1 7 5 - 1 7 8 . 

10. Kryger M H . Management of obstructive sleep apnea. Clin 
Chest Med 1992; 1 3 : 4 8 1 - 4 9 2 . 

11. Krol R C , Knuth SL , Bartlett D . Selective reduction of genio-
glossus muscle activity by alcohol in normal human subjects. Am 
RevRespi rDis 1984; 1 2 9 : 2 4 7 - 2 5 0 . 

12. Demirozu M C , Chediak A D , Nay K N , Cohn M A . A compari-
son of nine nasal continuous positive pressure machines in main-
taining mask pressure during simulated inspiration. Sleep 1991; 
1 4 : 2 5 9 - 2 6 2 . 

13. Krieger J , Weitzenblum E, Monass ier JP . Dangerous hypoxemia 
during continuous positive airway pressure treatment of obstruc-
tive apnea. Lancet 1983; 2 : 1 4 2 9 - 1 4 3 0 . 

14. Lamphere J , Roehrs T, Wittig R , et al. Recovery of alertness 
after C P A P in apnea. Chest 1989; 9 6 : 1 3 6 4 - 1 3 6 7 . 

15. Kribbs N B , Pack AI , Kline L R , et al. Effect of one night 

"sleep architecture," CPAP leads to improvement in 
neuromuscular function of the submental, postural, 
and upper airway muscles.3 Improvement in respira-
tory drive can also occur.29 Finally, CPAP therapy 
may result in some weight loss, and many obese 
patients find it easier to lose weight while undergo-
ing CPAP therapy.3 

C O N C L U S I O N S 

Nasal CPAP is a safe, noninvasive form of treat-
ment for O S A and other sleep-related breathing 
disorders. Properly instituted, CPAP can be very 
effective and free of significant complications in 
compliant patients. 
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