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ABSTRACT

Obstructive sleep apnea (OSA) is increasingly common
but largely underrecognized. Untreated, it is associated
with heart disease, stroke, and sudden nocturnal death.
Simple clinical assessments can determine if a patient
is likely to have OSA and is a candidate for diagnostic
polysomnography. Continuous positive airway pressure
(CPAP) is the mainstay of treatment and ameliorates
symptoms as well as long-term sequelae. Patient educa-
tion and effective troubleshooting and evaluation of
CPAP adherence issues increase successful adjustment
to therapy. Alternative treatments can be considered in
those whose OSA does not respond to standard CPAP
therapy.

KEY POINTS

Although obesity and snoring are common features of
OSA, they are not always present.

Home sleep testing is appropriate for those highly likely
to have sleep apnea and without other significant sleep
or cardiovascular, respiratory, or neurologic disorders.

Upper-airway surgery has a limited role—it is indicated
primarily for those unable to tolerate CPAP.

Risk of motor vehicle accidents is dramatically increased
in untreated sleep apnea; patients should be counseled
on the dangers of drowsy driving.

Medical Grand Rounds articles are based on edited transcripts from Division of Medicine Grand
Rounds presentations at Cleveland Clinic. They are approved by the author but are not peer-
reviewed.

*Dr. Mehra has disclosed receiving grant and research support from the National Institutes of
Health and the National Heart, Lung, and Blood Institute, and serving as a consultant on the
CareCore National Advisory Board.
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BSTRUCTIVE SLEEP APNEA (OSA) is com-
O mon and poorly recognized and, if un-
treated, leads to serious health consequences.
This article discusses the epidemiology of
OSA, describes common presenting signs
and symptoms, and reviews diagnostic testing
and treatment options. Adverse health effects
related to untreated sleep apnea are also dis-
cussed.

Il COMMON, POORLY RECOGNIZED,
AND COSTLY IF UNTREATED

OSA is very common in the general popula-
tion and is associated with substantial morbid-
ity and mortality. An estimated 17% of the
general adult population has OSA, and the
numbers are increasing with the obesity epi-
demic. Nearly 1 in 15 adults has at least mod-
erate sleep apnea,'? and approximately 85% of
cases are estimated to be undiagnosed.’* A 1999
study estimated that untreated OSA resulted
in approximately $3.4 billion in additional
medical costs per year in the United States,*
a figure that is likely to be higher now, given
the rising prevalence of OSA. The prevalence
of OSA in primary care and subspecialty clin-
ics is even higher than in the community, as
more than half of patients who have diabetes
or hypertension and 30% to 40% of patients
with coronary artery disease are estimated to

have OSA.>7

M REPETITIVE UPPER-AIRWAY COLLAPSE

During sleep, parasympathetic activity is en-
hanced and the muscle tone of the upper airway
is decreased, particularly in the pharyngeal dila-
tor muscles. Still, even in the supine position, a
healthy person maintains patency of the airway
and adequate airflow during sleep.

OSA is characterized by repetitive com-
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FIGURE 1. This polysomnogram of a 2-minute compressed window of time shows repetitive obstructive
apneic events and a hypopneic event accompanied by severe oxygen desaturation (nadir, 78%) and arous-
als detected by encephalography that occur at the termination of the respiratory events. The patient is
lying on his right side and is in N2 and N1 stages of sleep. The red arrow points to the obstructive apnea,
the green arrow to the arousal, and the blue arrow to the accompanying oxygen desaturation episode.
There is a delay of desaturation due to circulation time. The patient is a 47-year-old man with hyperten-
sion, asthma, excessive daytime sleepiness, snoring, witnessed apneic events, and multiple awakenings
from sleep caused by cough and shortness of breath. The overall apnea-hypopnea index observed on this
polysomnogram was 86 events per hour of sleep. This, along with the severe degree of hypoxia and ac-
companying symptoms, is consistent with the diagnosis of severe obstructive sleep apnea syndrome.

EEG = electroencephalography; EMG = electromyography
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plete or partial collapse of the upper airway
during sleep, resulting in an apneic or hypop-
neic event, respectively, and often causing
snoring from upper-airway tissue vibration.
People who are susceptible to OSA typi-
cally have a smaller, more collapsible airway
that is often less distensible and has a higher
critical closing pressure. Radiographic and
physiologic data have shown that the airway
dimensions of patients with OSA are smaller
than in those without OSA. The shape of the
airway of a patient with OSA is often ellip-
tical, given the extrinsic compression of the
lateral aspects of the airway by increased size

VOLUME 81 ¢ NUMBER 8

of the parapharyngeal fat pads. OSA episodes
are characterized by closure of the upper air-
way and by progressively increasing respiratory
efforts driven by chemoreceptor and mecha-
noreceptor stimuli, culminating in an arousal
from sleep and a reopening of the airway.

The disease-defining metric used for assess-
ing OSA severity is the apnea-hypopnea index,
ie, the number of apneas and hypopneas that
occur per hour of sleep.® An apneic or hypop-
neic event is identified during polysomnogra-
phy by the complete cessation of airflow or by
a reduction in airflow for 10 seconds or longer
(FIGURE 1).
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I HEALTH CONSEQUENCES IF UNTREATED

Untreated sleep apnea causes numerous patho-
physiologic perturbations, including chronic
intermittent hypoxia, ventilatory overshoot
hyperoxia, increased sympathetic nervous sys-
tem activity, intrathoracic pressure swings,
hypercapnea, sleep fragmentation, increased
arousals, reduced sleep duration, and fragmen-
tation of rapid-eye-movement sleep.

Intermittent hypoxia activates the sympa-
thetic nervous system and causes pulmonary
vasoconstriction, with increases in pulmo-
nary arterial pressures and myocardial work-
load. Sympathetic activation, ascertained by
peroneal microneurography, has been shown
to be increased not only during sleep but also
persisting during wakefulness in patients with
untreated OSA vs those without OSA.” Au-
tonomic nervous system fluctuations accom-
pany apneic episodes, resulting in enhanced
parasympathetic tone and sympathetic activa-
tion associated with a rise in blood pressure
and heart rate that occur after the respiratory
event.

Intermediate pathways that link the nega-
tive pathophysiologic effects of OSA with
adverse health outcomes include increased
systemic inflammation, increased oxidative
stress, metabolic dysfunction, insulin resis-
tance, hypercoagulability, endothelial dys-
function, and autonomic dysfunction.

As a result, a variety of adverse clinical
outcomes are associated with untreated OSA,
including systemic hypertension, ischemic
heart disease and atherosclerosis, diastolic
dysfunction, congestive heart failure, cardiac
arrthythmias, stroke, increased risk of death,
and sudden death, as well as noncardiovas-
cular outcomes such as gout, neurocognitive
deficits, and mood disorders.°

Inflammatory and atherogenic effects

Increased levels of markers of systemic inflam-
mation, prothrombosis, and oxidative stress
have been observed in OSA and may be key
pathophysiologic links between OSA and car-
diovascular sequelae. OSA has been associat-
ed with up-regulation of a number of inflam-
matory mediators: interleukin (IL) 6, soluble
IL-6 receptor, IL-8, tumor necrosis factor al-
pha, and C-reactive protein. Soluble IL-6 lev-
els in particular are higher in people who have
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sleep-disordered breathing, as reflected by the
apnea-hypopnea index independent of obesi-
ty, with relationships stronger in the morning
than in the evening. This likely reflects the
overnight OSA-related physiologic stress.!!
Thrombotic potential is also enhanced,
with higher levels of plasminogen activator in-
hibitor 1, fibrinogen, P-selectin, and vascular
endothelial growth factor. Some of these fac-
tors normally have a diurnal cycle, with higher
levels in the morning, but in OSA, increasing
OSA severity is associated with increased pro-
thrombotic potential in the morning hours.
Of interest, levels of these substances showed
a plateau effect, rising in people who had only
mildly elevated apnea-hypopnea indices and
then leveling off.!? Intermittent hypoxia fol-
lowed by ventilatory overshoot hyperoxia,
characteristic of sleep apnea, provides the
ideal environment for augmentation of oxida-
tive stress, with evidence of increased oxida-
tion of serum proteins and lipids. Hypoxia and
oxygen-derived free radicals may result in car-
diac myocyte injury. Experimental data dem-
onstrate that intermittent hypoxia combined
with a high-fat diet results in synergistic ac-
celeration of evidence of atherogenic lesions.
Patients with OSA also have evidence of
endothelial dysfunction, insulin resistance,
and dyslipidemia, all pathways that can fa-
cilitate the progression of atherosclerosis in

OSA.I15

Cardiac arrhythmias

In the Sleep Heart Health Study, a multi-
center epidemiologic study designed to ex-
amine the relationships of OSA and cardio-
vascular outcomes, those who had moderate
to severe OSA had a risk of ventricular and
atrial arrhythmias two to four times higher
than those without OSA, even after correc-
tion for the confounding influences of obesity
and underlying cardiovascular risk.'* These
findings were corroborated in subsequent
work highlighting monotonic dose-response
relationships with increasing OSA severity
and increased odds of atrial and ventricular
arrhythmia in a cohort of about 3,000 older
men.!! Additional compelling evidence of a
causal relationship is that the risk of discrete
arrthythmic events is markedly increased after
a respiratory disturbance in sleep.'®
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In patients who successfully underwent car-
dioversion for atrial fibrillation, those who had
sleep apnea but were not treated with continu-
ous positive airway pressure (CPAP) had a much
higher rate of recurrence of atrial fibrillation dur-
ing the subsequent year than those with CPAP-
treated sleep apnea and than controls never
diagnosed with sleep apnea. In the untreated
patients with sleep apnea, the mean nocturnal
fall in oxygen saturation was significantly greater
in those who had recurrence of atrial fibrillation
than in those who did not, suggesting hypoxia as
an important mechanism contributing to atrial
fibrillation.!”

Since then, several other retrospective
studies have shown similar findings after pul-
monary vein antrum isolation and ablation in
terms of reduction of atrial fibrillation recur-
rence with CPAP treatment in OSA.'

Walia et al” described a patient with
moderate sleep apnea who underwent a split-
night study. During the baseline part of the
study, the patient had about 18 ectopic beats
per minute. During the second portion of the
study while CPAP was applied, progressively
fewer ectopic beats occurred as airway pressure
was increased until a normal rhythm without
ectopic beats was achieved at the goal treat-
ment CPAP pressure setting.

Cardiovascular disease, stroke, and death
Marin et al?® followed about 1,500 men for 10
years, including some who had severe OSA,
some with sleep apnea who were treated with
CPAP, and controls. The risk of nonfatal and
fatal cardiovascular disease events was nearly
three times higher in those with severe disease
than in healthy participants. Those treated
with CPAP had a risk approximately the same
as in the control group.

The Sleep Heart Study followed approxi-
mately 6,000 people with untreated sleep ap-
nea for a median of nearly 9 years. It found a
significant association between the apnea-hy-
popnea index and ischemic stroke, especially
in men.?! Survival in patients with heart fail-
ure is also associated with the degree of OSA;
patients with more severe disease (an apnea-
hypopnea index > 15) have a nearly three
times greater risk of death than those with no

disease or only mild disease (apnea-hypopnea
index < 15).22
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From the standpoint of health care utiliza-
tion, findings that central sleep apnea predicts
an increased risk of hospital readmission in
heart failure are of particular interest.”

People with OSA are at increased risk of
nocturnal sudden cardiac death.?* Sleep ap-
nea is also associated with an increased overall
death rate, and the higher the apnea-hypopnea
index, the higher the death rate,” even after
adjusting for age, sex, body mass index, and un-
derlying cardiovascular risk, with findings most
pronounced in men under age 70.

Motor vehicle accidents

The need for caution during driving should be
discussed with every patient, as motor vehicle
accidents are an immediate danger to the pa-
tient and others. The association with motor
vehicle accidents is independent of sleepiness,
and drivers with sleep apnea often do not per-
ceive performance impairment. Young et al®
found that men who snored were 3.4 times as
likely to have an accident over a 5-year pe-
riod, and that men and women with an apnea-
hypopnea index greater than 15 were more
than 7 times as likely to have multiple acci-
dents over a 5-year period, highlighting the
importance of discussing, documenting, and
expeditiously diagnosing and treating OSA,
particularly in those who report drowsiness
while driving.

I CLINICAL RISK FACTORS

Risk factors can be divided into nonmodifi-
able and modifiable ones.

Nonmodifiable factors
Age. Bimodal distributions in OSA preva-
lence have been observed; ie, that the pedi-
atric population and people who are middle-
aged have the highest prevalence of OSA. A
linear relationship between sleep apnea preva-
lence and age until about age 65 was identified
in data from the Sleep Heart Health Study.”
After that, the prevalence rates plateay; it is
unclear if this is secondary to natural remis-
sion of the disease after a certain age or be-
cause patients with more severe disease have
died by that age (ie, survivorship bias), blunt-
ing an increase in prevalence.

Sex. Men develop sleep apnea at a rate
three to five times that of women. Several ex-
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planations have been proposed to account for
this.?®? Sex hormones are one factor; women
with sleep apnea on hormone replacement
therapy have a significantly less-severe sleep
apnea burden than other postmenopausal
women,’® suggesting a positive effect from es-
trogen. Sex-based differences in fat distribu-
tion, length and collapsibility of the upper
airway, genioglossal activity, neurochemical
control mechanisms, and arousal response
may also contribute to prevalence differences
between men and women.

As with coronary artery disease, the pre-
sentation of sleep apnea may be atypical in
women, particularly around menopause. Sleep
apnea should be considered in women who
have snoring and daytime sleepiness.

Race. Whites, African Americans, and
Asians have a similar prevalence of sleep
apnea, but groups differ in obesity rates and
craniofacial anatomy.’’?* Asians tend to
have craniofacial skeletal restriction. African
Americans are more likely to have upper-air-
way soft-tissue risk and to develop more severe
OSA. Whites tend to have both craniofacial
and soft-tissue risk. For those with craniofacial
anatomy predisposing to OSA, even mild obe-
sity can make it manifest.

Syndromes that predispose to OSA can
include craniofacial structural abnormalities,
connective tissue problems, or alterations in
ventilatory control (eg, Marfan, Down, and
Pierre Robin syndromes).

Modifiable risk factors

Obesity (body mass index > 30 kg/m?) is a firmly
established risk factor, but not all obese patients
develop obstructive sleep apnea, and not all
people with sleep apnea are obese.

Obesity increases risk by altering the ge-
ometry and function of the upper airway, in-
creasing collapsibility. The changes are par-
ticularly pronounced in the lateral aspects of
the pharynx.”

Obesity also affects respiratory drive, likely
in part from leptin resistance. Load compen-
sation is another contributing factor: the
increased mass in the thorax and abdomen
increases the work of breathing and reduces
functional residual capacity, increasing oxy-
gen demands and leading to atelectasis and
ventilation-perfusion mismatch.

CLEVELAND CLINIC JOURNAL OF MEDICINE
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TABLE 1
Signs and symptoms of sleep apnea

Nocturnal

Restlessness (90%)

Snoring (78%)

Witnessed apnea (50%—-60%)
Choking or dyspnea (18%—31%)
Nocturia (28%)

Diaphoresis (25%)

Reflux (25%)

Drooling (36%)

Dry mouth (74%)

Nocturnal awakenings
Disruption of the bed partner’s sleep
Daytime

Excessive somnolence, drowsiness while driving
Fatigue

Morning headaches (50%)

Poor concentration

Nasal congestion

Decreased libido (33%)
Decreased attention

Depression

Personality changes

Insomnia

Although obesity is an important risk fac-
tor, it is important to recognize that obesity
is not the only one to consider: most people
with an apnea-hypopnea index of 5 or greater
are not obese. The relationship between body
mass index and sleep apnea is weaker in chil-
dren and in the elderly, probably because oth-
er risk factors are more pronounced.*

Craniofacial structural abnormalities
such as retrognathia (abnormal posterior po-
sition of the mandible) and micrognathia
(undersized mandible) can increase the risk
of OSA because of a resulting posteriorly dis-
placed genioglossus muscle. Other conditions
can alter chemosensitivity, affecting the pH
and carbon dioxide level of the blood and
therefore affecting ventilatory control mecha-
nisms, making the person more prone to de-
veloping sleep apnea. Children and young
adults may have tonsillar tissue that obstructs
the airway.

The site of obstruction can be behind the
palate (retropalatal), behind the tongue (ret-
roglossal), or below the pharynx (hypopha-
ryngeal). This helps explain why positive air-
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TABLE 2

STOP-BANG test for predicting probability of obstructive sleep apnea

At least three positive responses are consistent with a high pretest probability of obstructive sleep apnea:

Snore: Have you been told that you snore?
Tired: Are you often tired during the day?

Obstruction: Do you know if you stop breathing or has anyone witnessed you stop breathing while you are asleep?

Pressure: Do you have high blood pressure or are you on medication to control high blood pressure?

Body mass index: Is your body mass index > 35 kg/m??

Age: Are you age 50 or older?

Neck: Do you have a neck circumference > 17 inches (men) or > 16 inches (women)?

Gender: Are you male?

BASED ON CHUNG F, YEGNESWARAN B, LIAO P, ET AL. STOP QUESTIONNAIRE: A TOOL TO SCREEN PATIENTS FOR OBSTRUCTIVE SLEEP APNEA.

way pressure—unlike surgery, which addresses
a specific area—is often successful, as it serves
to splint or treat all aspects of the airway.

B FATIGUE, SLEEPINESS, SNORING,
RESTLESS SLEEP

Sleep apnea can result in presentation of mul-
tiple signs and symptoms (TABLE 1).

Daytime sleepiness and fatigue are the
most common symptoms. Although nonspe-
cific, they are often quite pronounced. Two
short questionnaires—the Epworth Sleepiness
Scale’” and the Fatigue Severity Scale—can
help distinguish between these two symptoms
and assess their impact on a patient’s daily
life. In the Epworth Sleepiness Scale, the pa-
tient rates his or her chance of dozing on a
4-point scale (0 = would never doze, to 3 =
high chance of dozing) in eight situations:

e Sitting and reading

e  Watching television

e Sitting inactive in a public place

® Asa passenger in a car for an hour without

a break

Lying down to rest in the afternoon

Sitting and talking to someone

Sitting quietly after a lunch without alco-

hol

® In a car while stopped for a few minutes in
traffic.

A score of 10 or more is consistent with
significant subjective sleepiness.

VOLUME 81 ¢ NUMBER 8

ANESTHESIOLOGY 2008; 108:812-821.

The Fatigue Severity Scale assesses the im-
pact of fatigue on daily living.

Snoring is a common and specific symp-
tom of sleep apnea; however, not all patients
who snore have OSA.

Restlessness during sleep is very com-
mon—ypatients may disturb their bed partner
by moving around a lot during sleep or report
that the sheets are “all over the place” by
morning.

Nocturia can also be a sign of sleep apnea
and can contribute to sleep fragmentation.
A proposed mechanism of this symptom in-
cludes alterations of intrathoracic pressure
resulting in atrial stretch, which release atrial
natriuretic peptide, leading to nocturia. Treat-
ing with CPAP has been found to reduce lev-
els of atrial natriuretic peptide, contributing
to better sleep.’®

Morning headache may occur and is likely
related to increased CO, levels, which appear
to culminate in the morning hours. End-tidal
or transcutaneous CO, monitoring during
polysomnography can help elucidate the pres-
ence of sleep-related hypoventilation.

Libido is often diminished and can actu-
ally be improved with CPAP. This is therefore
an important point to discuss with patients, as
improved libido can often serve as an incen-
tive for adherence to OSA treatment.

Insomnia exists in about 15% of patients,
primarily as a result of sleep apnea-related

AUGUST 2014
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sleep fragmentation, and tends to improve
with treatment.

Sweating, particularly forehead sweating
associated with sleep apnea, more commonly
occurs in children.

The STOP-BANG questionnaire (1aBLe2)*
was primarily validated in preoperative anes-
thesia testing. However, because of its ease of
use and favorable performance characteristics,
it is increasingly used to predict the likelihood
of finding OSA before polysomnography. A
score of 3 or more has a sensitivity of 93%.

I PHYSICAL EXAMINATION
PROVIDES CLUES

Although the physical examination may be
normal, certain findings indicate risk (TABLE 3).
Obesity alone is not an accepted indication
for polysomnography unless there are con-
comitant worrisome signs or symptoms. Of
note, those who are morbidly obese (BMI >
40 kg/m?) have a prevalence of sleep apnea
greater than 70%.

The classification by Friedman et al* pro-
vides an indicator of risk. The patient is ex-
amined with the mouth opened wide and the
tongue in a neutral natural position. Grades:
e [—Entire uvula and tonsils are visible
e [[—Entire uvula is visible, but tonsils are not
e [II—Soft palate is visible, but uvula is not
e [V—Only the hard palate is visible.

Especially in children and young adults,
enlarged tonsils (or “kissing tonsils”) and a
boggy edematous uvula set the stage for ob-
structive sleep apnea.

Il DIAGNOSIS REQUIRES
SLEEP TESTING

A sleep study is the primary means of diagnos-
ing OSA. Polysomnography includes electro-
oculography to determine when rapid-eye-
movement sleep occurs; electromyography to
measure muscle activity in the chin to help
determine onset of sleep, with peripheral leads
in the leg to measure leg movements; electro-
encephalography (EEG) to measure neural
activity; electrocardiography; pulse oximetry
to measure oxygen saturation; measurement
of oronasal flow; and measurements of chest
wall effort and body position using thoracic
and abdominal belts that expand and contract

CLEVELAND CLINIC JOURNAL OF MEDICINE
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TABLE 3

Common physical examination
findings in obstructive sleep apnea

Obesity (body mass index > 30 kg/m?)

Neck circumference > 17 inches in men,
> 16 inches in women

Deviated nasal septum

Narrow mandible

Narrow maxilla

Dental overbite and retrognathia
Crossbite and dental malocclusion
High and narrow hard palate
Elongated and low-lying uvula
Prominent tonsillar pillars

Large tongue

with breathing; and audio recording to detect
snoring.

Attended polysomnography requires the
constant presence of a trained sleep technolo-
gist to monitor for technical issues and patient
adherence.

End-tidal CO, monitoring is a reasonable
method to detect sleep-related hypoventila-
tion but is not routinely performed in the
United States. Transcutaneous CO, monitor-
ing is a different way to monitor CO, used in
the setting of positive airway pressure.

Polysomnography in a normal patient
shows a regular pattern of increasing and de-
creasing airflow with inspiration and expira-
tion while stable oxygen saturation is main-
tained.

In contrast, polysomnography of a patient
with sleep apnea shows repetitive periods
of no airflow, oxygen desaturation, and of-
ten evidence of thoracoabdominal paradox,
punctuated by arousals on EEG associated
with sympathetic activation (riGure 1). When
the patient falls asleep, upper-airway muscle
tone is reduced, causing an apneic event with
hypoxia and pleural pressure swings. These
prompt arousals with sympathetic activation
that reestablish upper-airway muscle tone, al-
lowing ventilation and reoxygenation to re-
sume with a return to sleep.

VOLUME 81 e NUMBER 8
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TABLE 4

SLEEP APNEA

Grading the severity of sleep apnea

Grade Apnea-hypopnea index*  Oxygen saturation (%) Electrocardiographic findings

Mild 5 to less than 15 > 85 Mild tachybradycardia

Moderate 15 to less than 30 75-85 Prominent tachybradycardia, asystole < 3
seconds

Severe >30 <75 Asystole > 3 seconds,

ventricular tachycardia

2Apnea-hypopnea index: (apneic episodes + hypopneic episodes)/total sleep time in hours

BASED ON INFORMATION IN SLEEP-RELATED BREATHING DISORDERS IN ADULTS: RECOMMENDATIONS FOR SYNDROME DEFINITION AND MEASUREMENT TECHNIQUES IN CLINICAL
RESEARCH. REPORT OF AN AMERICAN ACADEMY OF SLEEP MEDICINE TASK FORCE. SLEEP 1999; 22:667-689.

Polysomno-
graphy shows
repetitive
periods

of reduced or
absent airflow
punctuated

by arousals

on EEG
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Apnea-hypopnea index indicates severity
Sleep apnea severity is graded using the ap-
nea-hypopnea index, ie, the number of ap-
neic and hypopneic events per hour of sleep
(taBLe 4).*! Events must last at least 10 seconds
to be considered, ie, two consecutive missed
breaths based on an average normal respira-
tory rate of about 12 breaths per minute for
the typical adult.

The apnea-hypopnea index usually corre-
lates with the severity of oxygen desaturation
and with electrocardiographic abnormalities,
including tachybradycardia and arrhythmias.

Although history, physical examination,
and prediction tools are helpful in determin-
ing the likelihood that a patient has OSA,
only polysomnography testing can establish
the diagnosis. To diagnose OSA, 15 or more
obstructive events per hour must be observed
by polysomnography, or at least 5 events per
hour with one of the following:

e Daytime sleepiness, sleep attacks, unre-
freshing sleep, fatigue, or insomnia

e Waking with breath-holding, gasping, or
choking

e Observer-reported loud snoring or breath-
ing interruptions.*!

Split-night study determines diagnosis

and optimum treatment

The split-night study has two parts: the first
is diagnostic polysomnography, followed by
identification of the positive airway pressure
that optimally treats the sleep apnea. The
apnea-hypopnea index guides the need for

VOLUME 81 ¢ NUMBER 8

the split-night study, with 40 being the estab-
lished threshold according to the American
Academy of Sleep Medicine.

A home sleep study is appropriate

for some patients

Home sleep testing is typically more limited
than standard polysomnography; it monitors
airflow, effort, and oxygenation. The test is in-
tended for adults with a high pretest probability
of moderate to severe obstructive sleep apnea
(STOP-BANG score > 3). It is not intended
for screening of asymptomatic patients or for
those with coexisting sleep disorders (eg, cen-
tral sleep apnea, sleep hypoventilation, periodic
limb movements, insomnia, circadian rhythm
disorders, parasomnias, narcolepsy) or medical
disorders (eg, moderate to severe heart failure
or other cardiac disease, symptomatic neuro-
logic disease, moderate to severe pulmonary
disease).* Since March 2008, the Centers for
Medicare and Medicaid Services has covered
CPARP for obstructive sleep apnea based on di-
agnosis by home sleep study testing.*

I TREATMENT OF SLEEP APNEA

Basic steps for reducing OSA are:

Weight loss. Even small weight changes
can significantly affect the severity of sleep ap-
nea, perhaps even leading to a reassessment of
the degree of OSA and CPAP requirements.
Longitudinal epidemiologic data demonstrate
that a 10% weight loss correlates with a 26%
reduction in the apnea-hypopnea index, and
conversely, a 10% weight gain is associated
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with a 32% increase.*

Some studies have found that bariatric sur-
gery cures OSA in 75% to 88% of cases, inde-
pendent of approach.**# However, a trial in 60
obese patients with OSA who were randomized
to either a low-calorie diet or bariatric surgery
found no statistical difference in the apnea-hy-
popnea index between the two groups despite
greater weight loss in the surgery group.*’

Avoiding certain medications. Benzodi-
azepines, narcotics, and alcohol reduce upper
airway muscle tone and should be avoided. No
medications are associated with improvement
of OSA, although acetazolamide may be used
to treat central sleep apnea.

Positional therapy. Sleeping on the back
exacerbates the problem. Supine-related OSA
occurs as a result of several factors, including
gravity, airway anatomy, airway critical clos-
ing pressures, and effects on upper-airway dila-
tor muscle function.

Sleep hygiene. General recommendations
to engage in behaviors to promote sleep are
recommended, including keeping consistent
sleep-wake times, not watching television in
bed, and avoidance of caffeine intake, particu-
larly within 4 to 6 hours of bedtime.

M POSITIVE AIRWAY PRESSURE THERAPY

Nasal CPAP is the treatment of choice and
is successful in 95% of patients when used
consistently. It is not as costly as surgery, and
results in improved long-term survival com-
pared with uvulopalatopharyngoplasty. An-
other advantage is that the pressure can be
retitrated as the patient’s condition changes,
for example after a weight change or during
pregnancy.

More than 15 randomized controlled trials
have examined the effect of sleep apnea treat-
ment with CPAP compared with either sham
CPAP or another control. In a meta-analysis,
CPAP was found to lead to an average systolic
blood pressure reduction of about 2.5 mm Hg
and a diastolic blood pressure reduction of 1.8
mm Hg. Although these reductions may seem
negligible, benefits may be significant for cardio-
vascular outcomes.**

Challenges to treatment adherence
Adherence is the most commonly discussed
problem with CPAP, but long-term adherence
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rates are comparable to medication compli-
ance—about 60% to 70%. To optimize adher-
ence, communication is important to ensure
that problems are identified and addressed as
they arise. Showing patients examples of ap-
neic events and oxygen desaturation from their
sleep study can enhance their understanding of
OSA and its importance. Patients need to un-
derstand the serious nature of the disease and
that CPAP therapy can significantly improve
their quality of life and overall health, particu-
larly from a cardiovascular perspective.

CPAP masks can be uncomfortable, posing
a major barrier to compliance. But a number
of mask designs are available, such as the nasal
mask, the nasal pillow mask, and the oronasal
mask. For patients with claustrophobia, the
nasal pillow mask is an option, as it does not
cover the face.

Some patients note symptoms of nasal con-
gestion, although in many patients CPAP im-
proves it. If congestion is a problem, the use
of heated humidification with the machine,
intranasal saline or gel, or nasal corticosteroids
can help relieve it.

Pressure intolerance is a common prob-
lem. For those who feel that the pressure is too
high, settings can be adjusted so that the pres-
sure is gradually reduced between inspiration
and expiration, ie, the use of expiratory pres-
sure relief or consideration of the use of bilevel
positive airway pressure.

Aerophagia (swallowing air) is a less com-
mon problem. It can also potentially be relieved
with use of bilevel positive airway pressure.

Many patients develop skin irritation,
which can be helped with moleskin, available
at any pharmacy.

Social stigma can be a problem. Education
regarding the importance of the treatment to
health is essential.

Machine noise is less of a problem with the
new machine models, but if it is a problem, a
white-noise device or earplugs may help.

Other measures to improve compliance are
keeping the regimen simple and ensuring that
family support is adequate.

Medicare requires evidence

of use and benefit

Medicare requires that clinical benefit be docu-
mented between the 31st and 91st day after ini-
tiating CPAP therapy. This requires face-to-face
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clinical reevaluation by the treating physician
to document improved symptoms and objective
evidence of adherence to use of the device. The
devices can store usage patterns, and Medicare
requires at least 4 hours per night on 70% of
nights during a consecutive 30-day period in the
first 3 months of use.

I ALTERNATIVE THERAPIES

Alternative therapies may be options for some
patients, in particular those who cannot use
CPAP or who get no benefit from it. These
include oral appliances for those with mild to
moderate OSA°*>} and various surgical proce-
dures, eg, uvulopalatopharyngoplasty,’*>> max-
illomanibular advancement,’® tracheostomy
(standard treatment before CPAP was identi-

tonsillectomy (in children).”

Supplemental oxygen is not a first-line
treatment for OSA and in general has not been
found to be very effective, particularly in terms
of intermediate cardiovascular outcomes,®®%
although a subset of patients with high loop
gain may benefit from it.® Loop gain is a mea-
sure of the tendency of the ventilatory control
system to amplify respiration in response to a
change, conferring less stable control of breath-
ing.

Several novel alternative therapies are start-
ing to be used. Although all of them have been
shown to improve measures of OSA, none is as
effective as CPAP in improving OSA severity.
New therapies include the nasal expiratory posi-

fied as an effective treatment),””*
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