
T he classic description of the sleep apnea patient—an obese, sleepy-eyed, red-faced
male prone to heavy snoring—is well known to physicians and the public alike,
thanks to the enduring popularity of Charles Dickens’ The Pickwick Papers. That
characterization, however, is far too limited in scope. There is in fact a continuum
of clinical conditions between trivial snoring and the severest forms of obstructive

sleep apnea syndrome. This close relationship is emphasized by the term “heavy snoring
disease,” proposed as a synonym for obstructive sleep apnea syndrome (OSAS).1,2

In this article, we will take a closer look at the clinical presentation and epi-
demiology of the condition, with emphasis on strategies for early detection.
Despite the increased recognition of obstructive
sleep apnea in the past decade, it is estimated
that more than 80 percent of men and more
than 90 percent of women with moderate
to severe OSA are undiagnosed.3

Epidemiology and 
Risk Factors
Obstructive sleep apnea syndrome is com-
mon. It can occur at all ages, but the incidence
is highest in the middle-aged. It is more common
in men than in women by a ratio of 2:1 to 8:1.
In a random sample of employed
American men and women aged
30 to 60 years, nine percent of
women and 24 percent of men
had five or more apneas plus
hypopneas per hour of sleep. Two
percent of women and four per-
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This commonly-undiagnosed condition is more multifaceted than the
conventional wisdom would suggest. Here’s how to better understand
its many presentations and potential complications.
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cent of men in the sample had five or more respiratory events
per hour of sleep combined with a complaint of daytime sleepi-
ness.4

The reason for the more frequent occurrence of obstructive
sleep apnea in men than in women is not well understood. The
airway may be more compliant in men and close at lower pres-
sures for a given airway diameter. A recent study confirmed that
men have a larger but more collapsible airway than women.5

Also, when mild cranio-facial anomalies occur during the pre-
pubescent years and are not recognized and go untreated,
puberty— with its testosterone flow—will lead to development
of a normal-size tongue in a small mouth, as 90 percent of the
adult face is developed between 11 and 12 years of age.
Testosterone may lead to increased bulk of pharyngeal and para-
pharyngeal muscles, which may lead to a preferential deposition
of fat in upper airway structures.

The incidence and prevalence of OSAS depend on the crite-
ria used to define the syndrome. On the basis of laboratory cri-
teria alone, the apnea-hypopnea index (AHI) and minimum
oxygen saturation reached are higher in elderly people than in
the young. By contrast, the peak prevalence of AHI greater than
10 and excessive daytime sleepiness occur in the middle-aged
group (45 to 64 years). Even though the number of apneas
increases with age, the clinical significance of apnea seems to
decrease.6

Obesity and male sex are the most important risk factors, but
too great an emphasis on obesity has allowed many normal-
weight patients with sleep-disordered breathing to go over-
looked. Local deposition of fat in the pharynx and in the sub-
mental region is important in determining increased upper air-
way resistance; in fact, even relatively non-obese patients with
obstructive sleep apnea have excess neck fat deposition.
Epidemiologic studies show that approximately 40 to 50 per-
cent of congestive heart failure patients suffer from sleep-disor-
dered breathing. Recently, much attention has focused on the
effects of sleep-disordered breathing (central and obstructive
sleep apnea syndrome) in determining cardiac failure, and vice
versa; the role of cardiac dysfunctions can also be used as a pos-
sible determinant of sleep disordered breathing.7

Hormonal disease favoring snoring and obstructive sleep
apnea include hypothyroidism, which induces structural
(myxedematous) changes and altered muscular contractility,
and acromegaly associated with macroglossia, thickening of the
pharyngeal mucosa, and facial cartilaginous or bone changes.
Obstructive sleep apnea may occur as a complication of pharyn-
geal flap surgery to correct cleft palate and other causes of
velopharyngeal surgery. In susceptible persons, obstructive sleep
apnea may be precipitated or made worse by sleep deprivation,
evening alcohol use, sedative medications and upper respiratory
infections.

Clinical Manifestations
Snoring and excessive daytime sleepiness are the most common
presenting symptoms of OSAS. At disease onset, the patient
and bed partner report heavy, habitual and continuous snoring
(preclinical stage), mainly in a supine position. Some patients
report that they cannot go on camping trips and must have sep-
arate hotel rooms on business trips because of the obnoxious
quality of their snoring. Weight gain often influences the
advancement to overt disease. Snoring becomes loud and inter-
mittent, appearing in all positions. The bed partner reports that
the patient’s breathing appears interrupted: the patient seems to
stop breathing for a few seconds, and then takes four to eight
noisy breaths followed by silence. Bed partners also describe
snorts and gasping or choking sounds, restless sleep and fre-
quent position changes. Often, patients describe only non-
restorative sleep.

In mild cases, apneas appear in clusters, mainly during light
NREM and REM sleep or in the supine position. In more
severe cases, the apneas occur continuously throughout the
night and in all body positions. In the severest cases, especially
in patients with chronic pulmonary diseases, mild hypoventila-
tion also persists during wakefulness (called overlap syndrome).

Patients may complain of daytime somnolence at any stage
of the disease, but as a rule the severity of somnolence parallels
the severity of the breathing disorder. Daytime sleepiness is ini-
tially manifest during boring sedentary situations in the after-
noon or evening. Patients may describe difficulty remaining
awake during meetings after lunch or while driving or reading.
As sleepiness becomes more severe, patients may fall asleep in
conversation, on the telephone or during sexual intercourse.
Some patients present because sleepiness and falling asleep dur-
ing the day have led to accidents or near accidents at work or
while driving.

On awakening, patients do not feel refreshed. It is often dif-
ficult for them to get out of bed, and they may describe them-
selves as “slow starters.” Some feel mentally dull, groggy, con-
fused or disoriented. The patient or spouse may report episodes
of “automatic behavior” with amnesia during which the patient
performs complex activities. Some patients report driving for
miles with no recollection, writing illegibly or performing non-
sensical activities such as putting ice cream in a cupboard.

Impotence or reduced libido are sometimes reported by
OSAS patients, and a recent study showed that testosterone and
sex hormone binding protein levels presented significant nega-
tive correlations with baseline obstructive sleep apnea syndrome
severity. Active treatment of sleep-disordered breathing pro-
duced sex hormone binding protein elevation.8

Irritability, depression and morning headaches are other
common clinical manifestations of obstructive sleep apnea.
Some patients complain of the need for frequent nighttime uri-
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nation or of nocturnal enuresis.9 Heartburn or other symptoms
of gastroesophageal reflux may be present if the repeated
episodes of negative intrathoracic pressure associated with
apneas lead to passage of gastric contents through the lower
esophageal sphincter. Heavy nighttime sweating is an occasion-
al complaint.

Restless sleep is another characteristic feature of sleep apnea.
The restlessness is caused by the arousals, which may be accom-
panied by jerks, twitches and flailing arm movements.
Restlessness is usually the spouse’s complaint, whereas the
patient rarely has much recollection of the arousals. Lastly, some
patients are referred because of a suspicion that sleep apnea may
be contributing to systemic hypertension, cardiac arrhythmias,
attention problems, impotence, or pulmonary hypertension.

In the great majority of cases, the progression of snoring into
serious disease is seen only after the age of 35 to 40 years; it is
rare to see snoring progress into obstructive sleep apnea syn-
drome after the age of 65. Women present with OSAS particu-
larly in the post-menopausal period independently of age, sug-
gesting a possible role of progesterone in respiratory stimulation
and increasing the tone of the muscle of the upper airways.

Before menopause, sleep-disordered breathing is more prevalent
in women with polycystic ovary syndrome. The strongest pre-
dictor of obstructive sleep apnea in these patients is insulin
resistance. There is compelling evidence that sleep-disordered
breathing in polycystic ovary syndrome is not mediated simply
through body mass index.10,11

Although the degree of daytime somnolence is similar in
women and men, morning fatigue, morning headache, and dif-
ficulty initiating sleep are more commonly reported by
women.12 Women compared with males often have proportion-
ally lower apnea-hypopnea index. A respiratory disturbance
index of greater than 15 was observed among 26 percent of men
and 13 percent of women; women with OSAS were significant-
ly older than men.13

In children, snoring and restless sleep are common com-
plaints. Daytime sleepiness is usually less pronounced unless
apnea is severe. Poor attention, decreased performance in
school, enuresis and hyperactivity may be presenting com-
plaints. Recent findings suggest that identifiable behavioral and
daytime cognitive sequelae of obstructive sleep apnea do exist in
children.14,15 Sleep-disordered breathing is associated with poor-

Narrowing or occlusion of the upper
airway during sleep is the cause of
obstructive sleep apnea. The site of
airway occlusion varies: it may be at
the level of the velopharynx, oro-
pharynx, hypopharynx, epiglottis or
larynx. In some patients, the occlu-
sion may be at more than one level or
at different sites during different
stages of sleep, owing to differential
activity of muscles involved in main-
tenance of airway patency.

Any disorder that produces or con-
tributes to upper airway narrowing
can cause OSAS. Obesity is the most
common, but anatomical abnormali-
ties of the cranio-facial complex such
as retro- and micrognathia are con-
sidered an important risk factor for
sleep-disordered breathing. These
changes are often seen early in life
but do not attract attention before
the occurrence of socially disturbing
snoring, daytime tiredness or disrupt-
ed nocturnal sleep. 

Other causes include enlarged
tonsils; major congenital anatomical
malformations of the jaw and phar-
ynx, including Crouzon syndrome,

Treacher-Collins syndrome, and
Pierre Robin syndrome; disorders
associated with an enlarged tongue,
including Down syndrome, hypothy-
roidism, and acromegaly; mucopoly-
saccharidoses and other disorders
associated with deposition of mate-
rial in upper airway structures; and
neoplasms of the upper airway.
Edema of the nose and pharynx
caused by snoring, allergies, or
upper respiratory infections may
narrow the upper airway. Pharyngeal
muscle weakness caused by myas-
thenia gravis or any of the muscular
dystrophies may lead to functional
narrowing of the upper airway with
subsequent development of ob-
structive sleep apnea.43 Incoor-
dination of respiratory muscles dur-
ing inspiration caused by Park-
inson’s disease and extrinsic and
intrinsic brainstem diseases can also
produce obstructive sleep apnea
syndrome.

Narrowing of the nasal passages
with increased resistance to airflow
may increase the amount of negative
inspiratory pressure developed by

the diaphragm and other inspiratory
muscles, leading in turn to pharyn-
geal collapse. Some evidence shows
that chronic nasal obstruction early in
life, due to allergies or other factors,
may contribute to the development
of obstructive sleep apnea in later
years. In children, enlarged adenoids
and chronic allergic rhinitis are asso-
ciated with decreased mandibular
size and retrognathia.

Finally, sleep-disordered breath-
ing occurs in familial aggregates.44

This suggests that some genetic
factors are involved in the develop-
ment of the primary type of the clin-
ical syndrome. These genetic fac-
tors are considered to be more
related to the development of the
naso-facial complex than anything
else, but no further knowledge
exists to date. Ethnicity has an
impact on the severity of the syn-
drome. African-Americans develop
clinical signs and complications
early in life, and Far-East Asians with
similar body mass index have a
more severe syndrome than
Caucasians.45
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er executive function and memory skills and lower general intel-
ligence in children.16

On physical examination, increased weight, increased neck
circumference and high blood pressure are common findings.
Examination of the head and neck may reveal mandibular
hypoplasia, craniosynostosis or retrognathia. Allergic rhinitis
and associated mucosal edema may compromise nasal patency
and contribute to nasal obstruction and chronic mouth breath-
ing that are common in persons with sleep apnea. Common
oropharyngeal findings include an elongated soft palate and
uvula; a high-arched palate; edema and erythema of the peri-
tonsillar pillars, uvula, soft palate, or posterior oropharynx;
redundant pharyngeal mucosa; enlarged tongue; and enlarged
tonsils. An enlarged thyroid or prominent fatty infiltration of
the neck suggests that excess retropharyngeal adipose tissue is
contributing to upper airway obstruction during sleep.

Although snoring is the norm, some patients snore softly or
not at all. Patients with neuromuscular disease affecting muscles
of the upper airway, chest wall or diaphragm may be unable to
generate sufficient inspiratory force to cause vibration of soft
tissues. Other patients, such as those who have had uvu-
lopalatopharyngoplasty, may not have sufficient floppy airway
tissue to vibrate, despite airway narrowing.

Diagnostic Work-up
In patients who complain of excessive daytime sleepiness,
obstructive sleep apnea syndrome must be differentiated from
such disorders as narcolepsy, idiopathic hypersomnia and atyp-
ical depression. Daytime fatigue may be the only complaint,
and sleep-disordered breathing may masquerade as chronic
fatigue syndrome when associated with more prominent com-
plaints of nocturnal disrupted sleep.

Snoring, witnessed apneas, hypertension and a neck circum-
ference greater than 16.5 inches (43cm) are useful predictors of
obstructive sleep apnea in patients presenting with sleep com-
plaints, but definitive diagnosis usually requires polysomno-
graphic monitoring. During the video polysomnographic
recording, EEG, eye movements, submental muscle activity,
ECG, snoring sound, respiratory effort, airflow, oxygen satura-
tion and leg movements are assessed with continuous recording
throughout the night. Additional sensors are sometimes used to
assess expired carbon dioxide concentration, esophageal pH,
body position, snoring sound and intrathoracic pressure.

The nocturnal polysomnogram in patients with OSA is
characterized by frequent respiratory events (typically lasting for
15 to 30 seconds although they may last up to three minutes)
that are followed by transient arousals and, consequently, oxy-
gen saturation reduction. Arterial oxyhemoglobin saturation
often falls below 70 percent in patients with severe obstructive
sleep apnea. The event may be an apnea with complete cessa-

tion of airflow or a hypopnea during which airflow is reduced
but not completely absent. In some other patients, increased
resistance to airflow is matched by increased respiratory effort,
minimizing changes in ventilation and oxygenation (upper air-
way resistance syndrome).17

The frequency of apneas and hypopneas is usually expressed
as the apnea-hypopnea index: the number of apneas plus
hypopneas per hour of sleep. Systemic and pulmonary arterial
pressure may increase during and immediately after apneas.
Cardiac arrhythmias are frequent: bradycardia with sinus paus-
es is the most common, but more serious arrhythmias may
occur, including premature ventricular contractions, atrioven-
tricular block, ventricular tachycardia, and asystolic periods last-
ing as long as 12 seconds. During REM sleep, apneas and
hypopneas are usually longer, and hypoxemia and cardiac
arrhythmias are more likely severe. There are usually increased
amounts of stage 1 sleep and wakefulness with reduced amounts
of stage 3 to 4 sleep and REM sleep.

Assessment of the severity of obstructive sleep apnea is based
on the frequency and duration of apneas, the body positions
and stages of sleep during which they occur, the type and fre-
quency of associated cardiac arrhythmias, the severity of associ-
ated hypoxemia, and the degree of sleep fragmentation. A mul-
tiple sleep latency test carried out the day after polysomnogram
helps to assess the presence and severity of excessive sleepiness
and assists with differential diagnosis.18 The mean latency to
sleep provides an objective indicator of the severity of daytime
sleepiness.

A second approach involves the use of ambulatory recorders.
These devices record various combinations of pulse oximetry,
breathing effort, airflow, snoring, heart rate, EEG or other
measures. Ambulatory studies may be useful for follow-up or
for diagnosis when the likelihood of severe obstructive sleep
apnea is high or when patients cannot be studied in a sleep lab-
oratory because facilities are not available or because of concur-
rent medical illness.

Additional studies may be indicated for some patients.
Fiber-optic endoscopy of the upper airway and cephalometric
radiographs can be used to assess airway anatomy. Recently,
acoustic pharyngometry, performed in various body positions
(sitting, supine, right and left lateral), has been proposed as a
noninvasive method that geometrically quantifies complex pha-
ryngeal structures.19 Arterial blood gases and pulmonary func-
tion tests obtained during the waking state and endocrine stud-
ies (particularly screening for hypothyroidism and acromegaly)
are important. For patients with clinical evidence of right or left
heart failure, complete blood count, ECG, and chest radi-
ograph are indicated. Esophageal pH monitoring is occasional-
ly helpful, and a head or neck MRI or CT scan may be indicat-
ed, if craniofacial or brainstem malformations or airway neo-
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plasms are contributing to obstructive
sleep apnea.20

Prognosis and
Complications
Untreated severe obstructive sleep apnea
can lead to serious or fatal complications.
In one series, patients with untreated
OSA and more than 20 apneas per hour
of sleep had an estimated 37 percent
chance of dying within eight years com-
pared to four percent for treated
patients.21 Studies in middle-aged men
and women showed that the risk of
developing cardiovascular disease was
increased in obstructive sleep apnea sub-
jects and remained elevated after control-
ling for the effects of age, hypertension,
smoking, obesity, and alcohol use.22,23

Pulmonary artery pressure is increased
during apneas, most likely due to pul-
monary artery constriction induced by
hypoxemia. The greatest increase occurs
during REM sleep, when hypoxemia is
usually greatest. Cardiac output may fall
in some patients due to right-to-left shifts
of the cardiac interventricular septum,
caused by increased negative intratho-
racic pressure associated with attempts to
breathe against a closed airway. Systemic
blood pressure increases during repetitive
apneas, with a peak in blood pressure
occurring with resumption of ventila-
tion. In patients with moderate to severe
obstructive sleep apnea, blood pressure
may rise by 25 percent, and in severe
cases, pressure may reach 200mm Hg
systolic and 120mm Hg diastolic at the
end of each apnea. There appear to be several causes of the
increase in blood pressure. Arteriolar constriction may occur as
a result of hypoxemia and acidosis, leading to an increase in sys-
temic vascular resistance. Arousals that terminate apnea are
associated with increased sympathetic tone that may contribute
to elevated blood pressure. Patients with coronary artery disease
may develop myocardial ischemia during apneas.

Cardiac arrhythmias are serious complications of obstructive
sleep apnea. A pattern of repeated cycles of bradycardia during
the apnea, followed by tachycardia with the arousal that termi-
nates the apnea is the most common. Other arrhythmias
include sinus arrest lasting up to 10 seconds, second- or third-

degree heart block, premature ventricular
contractions, and potentially lethal tach-
yarrhythmias. The mechanism for brady-
cardia appears to be a reflex increase in
vagal tone caused by stimulation of
carotid body receptors by hypoxemia.
Hypoxemia that occurs in the absence of
apnea induces an increase in respiration
that causes lung distention. Lung disten-
tion inhibits vagal activity (the Hering-
Breuer reflex) and permits cardiac acceler-
ation to occur. During apnea the
increased vagal tone induced by hypoxia
and by mechanical effects of obstructive
sleep apnea associated with intrathoracic
pressure swings, leading to bradycardia.
Increased vagal tone also contributes to
periods of asystole and arteriovenous
block. The increased sympathetic tone
that accompanies the arousals at the end
of apneas appears to contribute to prema-
ture ventricular contractions, sinus tachy-
cardia, and ventricular tachyarrhythmias.
Hypoxemia also increases ventricular irri-
tability. Arrhythmias are more common
during REM sleep, probably because of
more severe hypoxemia and because of
autonomic discharge related to phasic
events of REM sleep.

Intracranial pressure may rise as much
as 50mm Hg during obstructive apneas
with a resulting fall in cerebral perfusion
pressure, and there may be marked
changes in cerebral blood flow velocity.24

The hemodynamic changes associated
with changes in oxygen arterial saturation
are linked to the intracellular ox-redox
state.25

Systemic and local oxidative stress increase is documented by
elevation of 8-Isoprostanes in the morning and decreased after
onset of CPAP therapy.26 Antioxidant capacity in serum, an
index of excessive oxidative stress, was reduced in obstructive
sleep apnea patients.27

Recent observations have led to a hypothesis that obstructive
sleep apnea may trigger an inflammatory metabolic syndrome.
In fact, various endocrine and cytokine alterations are observed
in sleep-disordered breathing patients, such as an increase in
IL6, tumor necrosis factor, C-reactive protein, adhesion mole-
cules, leptin, and insulin independently of obesity or age.28-30

Cognitive deficit was observed in obstructive sleep apnea

October 2006 Practical Neurology 37

Infiltration of pharyngeal tissue
• Obesity
• Cushing disease
• Prader-Willi syndrome
• Mucopolysaccharidoses

Enlarged tongue, soft palate, or
uvula
• Down syndrome
• Hypothyroidism
• Acromegaly

Enlarged tonsils and adenoids
(mainly in children)

Mucosal edema and inflammation
• Allergies, sinusitis, etc.

Anatomical jaw malformations 
• Crouzon syndrome
• Treacher-Collins syndrome
• Pierre-Robin syndrome

Cranial base abnormalities
• Chiari malformation
• Achondroplasia
• Klippel-Feil syndrome

Pharyngeal dilator weakness
• Myotonic dystrophy
• Muscular dystrophies
• Medullary lesions
• Motor neuron disease

Structural lesions
• Tumors of the pharynx

Surgical correction of cleft palate
Incoordinated breathing
• Shy-Drager syndrome
• Dysautonomias

Causes of Upper Airway
Narrowing in OSA

                     



syndrome patients. A recent study
showed that obstructive sleep apnea syn-
drome patients did not present a proce-
dural skill learning deficit, but a sub-
group showed deficits in initial skill
adaptation and other neuropsychological
difficulties mainly correlated with frontal
dysfunction.31 From case-control studies
of cognitive performances in OSAS, it
emerged that deficits worsen with disease
severity; both apnea-hypopnea index and
minimum oxygen saturation link
increasing disease severity with poorer performance. Sleepiness
and hypoxemia constitute major determinants of diurnal cogni-
tive impairments. An association between obstructive sleep
apnea and attention deficit hyperactivity disorder in adulthood
has been reported.32 The reversibility of cognitive function
deficits after obstructive sleep apnea treatment has been investi-
gated, but the data are still controversial.33

Management
The type of treatment for OSAS depends on the severity of the
disorder as assessed clinically and polysomnographically.
Because many patients experience a subjective improvement of
symptoms with treatment that is greater than objective changes
in polysomnographic measures of apnea severity, the outcome
of treatment in all but the mildest cases should be assessed with
a nocturnal polysomnogram.

Treatment often includes a recommendation to lose weight.
Unfortunately, weight loss is often difficult to achieve, particu-
larly in persons who are excessively sleepy, and its effectiveness
varies. Most patients who lose weight have less severe apnea, but
it is difficult to predict the amount of improvement associated
with loss of a specified amount of weight. Some patients may be
substantially better after loss of just 20 pounds, whereas others
have minimal benefit from loss of 50 pounds or more.

Avoidance of precipitating factors, such as alcohol and hyp-
notic drugs sometimes is helpful. For patients in whom sleep
apnea occurs only when supine, training to avoid this sleeping
position is often beneficial.

However, in moderate to severe obstructive sleep apnea, par-
ticularly with excessive daytime sleepiness, the treatment of
choice is nasal CPAP applied through a nasal mask or through
nasal “pillows” that are applied to the nostrils. Nasal CPAP
appears to function primarily as an air splint to maintain posi-
tive intraluminal pressure in the upper airway. The optimal
CPAP level is best determined with a sleep study because the
treatment may be ineffective if the level of positive pressure is
too low and may induce arousals and central apneas if the pres-
sure is too high. In addition, patients with cardiopulmonary

disease may develop arrhyth-
mias or hypoventilation if
CPAP is not at the optimum
level. Nasal bilevel positive
airway pressure, also applied
by mask, may be necessary in
severe and with overlap syn-
drome patients, particularly in
patients who have difficulty
exhaling against a high expira-
tory pressure. Bilevel positive
airway pressure devices pro-

vide different pressures during inspiration and expiration. They
are more expensive than CPAP devices, but they are sometimes
better tolerated, particularly by patients who have a sensation of
being unable to breathe with CPAP. They are also more useful
in patients with hypoventilation accompanying apnea, as the
reduced expiratory pressure lowers the work of breathing.

Devices that automatically adjust CPAP are an alternative to
manual titration. The mean positive pressure for the night is
usually less than with manual systems, but the improvement in
obstructive sleep apnea appears to be comparable to manual
CPAP titration in most cases.34 The ability to match pressure
requirements to changing needs and the potential to eliminate
costly polysomnography are the major advantages claimed.
Some patients find the frequent changes in pressure annoying
and prefer the manual systems, whereas others prefer the lower
mean pressure. As arrhythmias may develop with CPAP titra-
tion in patients with cardiopulmonary disease, such patients
should not have unattended monitoring. The major drawback
of auto-titrating devices is that a mouth or nasal leak will ren-
der the device inaccurate.

The nocturnal ventilatory therapy is effective in approxi-
mately 80 to 90 percent of patients and can be used successful-
ly in infants and children as well as adults.35,36 Successful treat-
ment, however, requires close coordination between families,
pediatricians, and sleep specialists.

With regular CPAP use, patients report improved alertness,
fewer traffic accidents and near-miss accidents, less time off
work, and better work efficiency.37 Improved cognitive function
and reductions in nocturnal cardiac arrhythmias, blood pres-
sure,38 depressive symptoms, and sexual dysfunction are addi-
tional benefits in some patients. Some patients treated with
CPAP find it easier to lose weight than they did before treat-
ment, perhaps because the increased alertness leads to more
activity during the day or because of a decreased desire to eat
snacks to enhance alertness.

However, treatment requires nightly use of a mask over the
nose; it is cumbersome, and minor unpleasant side effects can
occur. Obviously, patients are much more likely to use CPAP
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• narcolepsy
• idiopathic hyper-
somnia
• atypical depression
• circadian sleep
abnormality
• gastroesophageal
reflux
• nocturnal asthma

• congestive heart
failure
• central sleep apnea
• nocturnal panic
attacks
• sleep-related laryn-
gospasm
• chronic fatigue syn-
drome
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Sleep Apnea

       



October 2006 Practical Neurology 41

1. Lugaresi E, Coccagna G, Farneti P, Mantovani M,
Cirignotta F. Snoring. Electroencephalogr Clin
Neurophysiol 1975;39:59-64.
2. Lugaresi E, Cirignotta F, Coccagna G, Baruzzi A.
Snoring and the obstructive apnea syndrome.
Electroencephalogr Clin Neurophysiol Suppl
1982;35:421-30.
3. Young T, Evans L, Finn L, Palta M. Estimation of the
clinically diagnosed proportion of sleep apnea syn-
drome in middle-aged men and women. Sleep
1997a;20:705-6.
4. Young T, Palta M, Dempsey J, Skatrud J, Weber S,
Badr S. The occurrence of sleep disordered breathing
among middle-aged adults. N Engl J Med
1993;328:1230-5.
5. Mohsenin V. Effects of gender on upper airway col-
lapsibility and severity in obstructive sleep apnea.
Sleep Med 2003;4(6):523-9.
6. Krieger J, Sforza E, Boudewijns A, Zamagni M,
Petiau C. Respiratory effort during obstructive sleep
apnea: role of age and sleep state. Chest
1997;112(4):875-84.
7. Caples SM, Wolk R, Somers VK. Influence of cardiac
function and failure on sleep-disordered breathing: evi-
dence for a causative role. J Appl Physiol.
2005;99(6):2433-9.
8. Meston N, Davies RJ, Mullins R, Jenkinson C, Wass
JA, Stradling JR. Endocrine effects of nasal continuous
positive airway pressure in male patients with obstruc-
tive sleep apnea. J Intern Med 2003;254(5):447-54.
9. Umlauf MG, Chasens ER. Sleep disordered breath-
ing and nocturnal polyuria: nocturia and enuresis.
Sleep Med Rev 2003;7(5):403-11.
10. Gopal M, Duntley S, Uhles M, Attarian H. The role
of obesity in the increased prevalence of obstructive
sleep apnea syndrome in patients with polycystic ovar-
ian syndrome. Sleep Med 2002;3(5):401-4.
11. Sanders MH. Increased risk of obstructive sleep
apnea in obese women with polycystic ovary syndrome
(a review of two related articles). Articles reviewed:
'Increased prevalence of obstructive sleep apnea syn-
drome in obese women with polycystic ovary syn-
drome' and 'Polycystic ovary syndrome is associated
with obstructive sleep apnea and daytime sleepiness:
role of insulin resistance'. Sleep Med 2002;3(3):287-9.

12. Ambrogetti A, Olson LG, Saunders NA. Differences
in the symptoms of men and women with obstructive
sleep apnea. Aust NZ J Med 1991;21:863-6.

13. Redline S, Kump K, Tishler PV, Browner I, Ferrette
V. Gender differences in sleep disordered breathing in
a community-based sample. Am J Respir Crit Care
Med 1994;149:722-6.

14. Lewin DS, Rosen RC, England SJ, Dahl RE.
Preliminary evidence of behavioral and cognitive
sequelae of obstructive sleep apnea in children. Sleep
Med 2002;3(1):5-13.

15. Sterni LM, Tunkel DE. Obstructive sleep apnea in
children: an update. Pediatr Clin North Am
2003;50(2):427-43.

16. Gottlieb DJ, Chase C, Vezina RM, et al. Sleep-dis-
ordered breathing symptoms are associated with poor-
er cognitive function in 5-year-old children. J Pediatr
2004;145:458-64.

17. Guilleminault C, Stoohs R, Clerk A, Cetel M,
Maistros P. A cause of excessive daytime sleepiness.
The upper airway resistance syndrome. Chest
1993;104:781-7.

18. Carskadon MA, Dement WC, Mitler MM, Roth T,
Westbrook PR, Keenan S. Guidelines for the multiple
sleep latency test (MSLT): a standard measure of
sleepiness. Sleep 1986;9:519-24.

19. Jung DG, Cho HY, Grunstein RR, Yee B. Predictive
value of Kushida index and acoustic pharyngometry for
the evaluation of upper airway in subjects with or with-
out obstructive sleep apnea. J Korean Med Sci
2004;19:662-7.

20. Anonymous. Practice parameters for the use of
portable recording in the assessment of obstructive
sleep apnea. Standards of Practice Committee of the
American Sleep Disorders Association. Sleep
1994;17(4):372-7.

21. He J, Kryger MH, Zorick FJ, Conway W, Roth T.
Mortality and apnea index in obstructive sleep apnea.
Experience in 385 male patients. Chest 1988;94:9-14.

22. Koskenvuo M, Kaprio J, Telakivi T, Partinen M,
Heikkila K, Sarna S. Snoring as a risk factor for
ischemic heart disease and stroke in men. Br Med J
1987;294:16-9.

23. Peker Y, Hedner J, Norum J, Kraiczi H, Carlson J.

Increased incidence of cardiovascular disease in mid-
dle-aged men with obstructive sleep apnea: a 7-year-
follow up. Am J Respir Crit Care Med 2002;166:159-
65.

24. Siebler M, Daffertshofer M, Hennerici M, Freund
HJ. Cerebral blood flow alterations during obstructive
sleep apnea syndrome. Neurology 1990;40:1461-2.

25. McGown AD, Makker H, Elwell C, Al Rawi PG,
Valipour A, Spiro S. Measurement of changes in
cytochrome oxidase redox state during obstructive
sleep apnea using near-infrared spectroscopy. Sleep
2003;26(6):710-6.

26. Carpagnano GE, Kharitonov SA, Resta O,
Foschino-Barbaro MP, Gramiccioni E, Barnes PJ. 8-
Isoprostane, a marker of oxidative stress, is increased
in exhaled breath condensate of patients with obstruc-
tive sleep apnea after night and is reduced by continu-
ous positive airway pressure therapy. Chest
2003;124(4):1386-92.

27. Christou K, Moulas AN, Pastaka C, Gourgoulianis
KI. Antioxidant capacity in obstructive sleep apnea
patients. Sleep Med 2003;4(3):225-8.

28. Vgontzas AN, Papanicolaou DA, Bixler EO, et al.
Sleep apnea and daytime sleepiness and fatigue: rela-
tion to visceral obesity, insulin resistance, and hypercy-
tokinemia. J Clin Endocrinol Metab 2000;85:1151-8.

29. Hatipoglu U, Rubinstein I. Inflammation and
obstructive sleep apnea syndrome pathogenesis: a
working hypothesis. Respiration 2003;70(6):665-71.

30. Arter JL, Chi DS, Girish M, Fitzgerald SM, Guha B,
Krishnaswamy G. Obstructive sleep apnea, inflamma-
tion, and cardiopulmonary disease. Front Biosci
2004;9:2892-900.

31. Rouleau I, Decary A, Chicoine AJ, Montplaisir J.
Procedural skill learning in obstructive sleep apnea
syndrome. Sleep 2002;25:401-11.

32. Naseem S, Chaudhary B, Collop N. Attention deficit
hyperactivity disorder in adults and obstructive sleep
apnea. Chest 2001;119:294-6.

33. Engleman HM, Kingshott RN, Martin SE, Douglas
NJ. Cognitive function in the sleep apnea/hypopnea
syndrome (SAHS). Sleep 2000;23(suppl 4):S102-8.

34. Stradling JR, Barbour C, Pitson DJ, Davies RJ.
Automatic nasal continuous positive airway pressure

titration in the laboratory: patient outcomes. Thorax
1997;52:72-5.

35. Waters KA, Everett FM, Bruderer JW, Sullivan CE.
Obstructive sleep apnea: the use of nasal CPAP in 80
children. Am J Respir Crit Care Med 1995;152:780-5.

36. Ballester E, Badia JR, Hernandez L. Evidence of the
effectiveness of continuous positive airway pressure in
the treatment of sleep apnea/hypopnea syndrome. Am
J Respir Crit Care Med 1999;159:495-501.

37. Cassel W, Ploch T, Becker C, Dugnus D, Peter JH,
von Wichert P. Risk of traffic accidents in patients with
sleep disordered breathing: reduction with nasal CPAP.
Eur Resp J Suppl 1996;9:2606-11.

38. Hla KM, Skatrud JB, Finn L, Palta M, Young T. The
effect of correction of sleep-disordered breathing on
BP in untreated Hypertension. Chest 2002;122:1125-
32.

39. Anonymous. Practice parameters for the treatment
of obstructive sleep apnea in adults: the efficacy of sur-
gical modifications of the upper airway. Report of the
American Sleep Disorders Association. Sleep
1996;19(2):152-5.

40. Li KK, Guilleminault C, Riley RW, Powell NB.
Obstructive sleep apnea and maxillomandibular
advancement: an assessment of airway changes using
radiographic and nasopharyngoscopic examinations. J
Oral Maxillofac Surg 2002;60:526-30.

41. Skinner MA, Robertson CJ, Kingshott RN, Jones
DR, Taylor DR. The efficacy of a mandibular advance-
ment splint in relation to cephalometric variables.
Sleep Breath 2002;6:115-24.

42. Gotsopoulos H, Chen C, Qian J, Cistulli PA. Oral
appliance therapy improves symptoms in obstructive
sleep apnea: a randomized, controlled trial. Am J
Respir Crit Care Med 2002;166:743-8.

43. Aldrich MS. Neurologic aspects of sleep apnea and
related respiratory disturbances. Otolaryngol Clin
North Am 1990;23:761-9.

44. Guilleminault C, Partinen M, Hollman K, Poweell
NB, Stoosh R. Familial aggregates in sleep apnea syn-
drome. Chest 1995;107:1545-51.

45. Li KK, Kushida C, Adornato B, et al. Obstructive
sleep apnea syndrome in an Asian population. Sleep
1999;22:S104-5.

Sleep Apnea

regularly if their symptoms improve, and they tolerate discom-
fort if the benefits are evident. Noncompliance with CPAP
occurs mainly because of such side-effects as dry nose, nasal
congestion, skin irritation and eye irritation from air leaks
around the mask. A chin strap to insure mouth closure, a better
fitting mask, or humidification is often helpful.

Surgical procedures designed to maintain nocturnal airway
patency are additional options.39 Tracheostomy, effective in
almost all cases, is used less frequently than in the past due to
the availability of nasal CPAP and bilevel positive airway pres-
sure. Particularly in children, but also in adults, tonsillectomy
and adenoidectomy can produce a dramatic improvement.
Uvulopalatopharyngoplasty (removal of the uvula, portions of
the soft palate, and redundant pharyngeal tissue) has been used
to treat OSAS for more than 10 years and is probably the most
commonly performed operation for obstructive sleep apnea.
Unfortunately, uvulopalatopharyngoplasty is beneficial in only
40 to 60 percent of cases; the success rate appears to be higher
in younger patients, in those who undergo concurrent tonsillec-
tomy, and in those with obstruction limited to the retropalatal
segment. 

Procedures to advance the hyoid bone are also utilized for
selected patients, mainly in association with other surgical inter-
ventions on the upper airways. Maxillofacial surgery, with
advancement of the mandible, the maxilla or both, appears to
be beneficial for selected patients,40 although the surgery is more
extensive than uvulopalatopharyngoplasty and has a longer
postoperative recovery period.

A variety of orthodontic appliances that advance the tongue
or mandible are available.41 Oral devices could be effective in
snorers or with mild to moderate obstructive sleep apnea and
are sometimes preferred to nasal CPAP by many individuals.42

However, side effects are common, especially in the initial phase
of use and include temporo-mandibular joint discomfort, den-
tal misalignment, increased salivation and gum irritation. PN
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