
CONCISE REVIEW FOR CLINICIANS

Updates on Definition, Consequences, and Management of
Obstructive Sleep Apnea

JosN G. PARK, MD; Kl,NNaN RRMa,R, MD; nNo Eruc J. OmoN, MD

On completion of this article, you should be able to ( I ) identify patients who may have obstructive sleep apnea (OSA), (2)
recognize the implications of untreated OSA, and (3) review and apply dffirent treatment options for management of OSA.

Obstructlve sleep apnea (OSA) is a breathlng dlsorder during sleep
that has impllcations beyond dlsrupted sleep. lt is lncreaslngly
recognlzed as an independent risk factor for cardiac, neurologic,
and perloperatlve morbidltles. Yet this dlsorder remains undiag-
nosed in a substantial portlon of our populatlon. lt ls imperative
for all physiclans to remaln vlgllant in ldentlfylng patlents wlth
slgns and symptoms consistent wlth OSA. This review focuses on
updates ln the areas of termlnology and testing, complicatlons of
untreated OSA, perioperatlve consideratlons, treatment optlons,
and new developments in thls fleld.
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AASM = Amedcan Academy of Sleep Medlclne; AHI = apneahypopnea
lndex; APAP = automatlcally adiustlng posltlve airway pressure; CMS=
Cente? for Medlcaid and Medlcare Servlcesl CompSAS = complex sleep
apnea syndrome; CPAP = contlnuous positlve airway pressure; OSA =
obstructlve sleep apnea; PAP = posltlve alrway pressure; PSG = poly-
somnography; RDI = respiratory disturbance lndex

/-\bstructive sleep apnea (OSA) is a disorder in which
\-f u p".ro, frequentiy stops breathing during his or her
sleep. It results from an obstruction of the upper airway
during sleep that occurs because of inadequate motor tone
of the tongue and/or airway dilator muscles. In the United
States, the prevalence of OSA is estimated tobe 37o to'7 7o

in men and2Vo to 5Vo in women.lAmong patients with a

body mass index (calculated as the weight in kilograms
divided by height in meters squared) greater than 28,

OSA is present in 4l%o.2 The prevalence of OSA can be as

high as 78Vo in morbidly obese patients who present for
bariatric surgery.3 Up to 937o of women and 827o of men
may have undiagnosed moderate to severe OSA,4 empha-
sizing the importance of vigilant evaluations for signs and
symptoms of OSA. These may include a spouse's report
of disruptive snoring, daytime sleepiness, obesity, and
large neck circumference (>42 cm in men)5 (Table l).6
Not all patients, however, present with typical flndings.
For example, patients with heart failure and OSA may not
present with daytime sleepiness.T Likewise, a patient may
not be aware of snoring or apneic episodes. Thus, it is im-
portant to obtain collateral sleep history and recognize as-

sociated medical comorbid conditions that may implicate
OSA as an underlying diagnosis. This article is intended
as an update to the 2003 Concise Review for Clinicians
covering OSA.8

TERMINOLOGY AND TESTING

Diagnosis of OSA usually requires overnight polysomnogra-
phy (PSG) to detect the frequency of apneic and hypopneic
eventse (Table 2). Traditionally, this is done as a standard-
ized, facility-based PSG, with multichannel recordings that
help determine sleep time, sleep stages, respiratory effort,
airflow, cardiac rhythm, oximetry, and limb movements.e

The apnea-hypopnea index (AHI) is the average number of
disordered breathing events per hour. Other definitions of
sleep-related breathing disorders are highlighted in Table
2. Typically, OSA syndrome is defined as an AHI of 5 or
greater with associated symptoms (eg, excessive daytime
sleepiness, fatigue, or impaired cognition) or an AHI of 15

or greater, regardless of associated symptoms.e

Overnight, facility-based, and attended PSG remains the
criterion standard for diagnosis of OSA. Recently, the Cen-
ter for Medicaid and Medicare Services (CMS) approved
the use of portable PSG to diagnose OSA.'0 The American
Academy of Sleep Medicine (AASM) recommends con-
sidering this route in patients with a high pretest likelihood
for moderate to severe OSA without other substantial co-
morbid conditions.rr The portable monitors include at least
3 sensors that detect respiratory events in the home setting.
Because these monitors cannot determine the actual sleep

time, AHI cannot be determined (because AHI is an index
of apnea and hypopnea per hour of sleep). Rather, the re-
sultant index is known as the respiratory disturbance index
(RDD, which represents the frequency of apnea and hypo-
pnea per hour ofrecording time. Because the total record-
ing time often exceeds the actual sleep time of the patient,
RDI from portable monitors often underrepresents the se-

verity of OSA. Hence, a negative result from a portable
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MANAGING OBSTRUCTIVE SLEEP APNEA

TABLE 1. History and Physical Examination Findings That Should
Raise Susplcion for Obstructive Sleep Apnea

Historv Disruptive snoring
Witnessed apnea or snorts

Gasping/choking while sleeping
Excessive daytime sleepiness
Difficulty with concentration or short-term

memory loss
Excessive nocturia
Difficulty with sleep maintenance
Restless/unrefreshing sleep
Decreased libido
Moming headaches
Irritability
Obese
Large neck (>42 cm in men, >37 cm in

women)5
Retrognathia or micrognathia
Crowded airway
Enlarged tonsils
High-arched hard palate
Nasal deformities/septai deviation
Resistant hypertension
Recurrent atrial fi brillation
Stroke
Myocardial infarction
Pulmonary hypertension
Chronic heart failure

Physical examination

Comorbid conditions

Adapted from J Clin Sleep Med,6 with permission.

monitor does not necessarily rule out OSA. Although any
treating physician involved in the patient's care can order

the study, CMS requires that an AASM-accredited labo-
ratory conduct the study and that a board-certified sleep

specialist interpret the results. r0

Ovemight oximeffy is being considered as a suffogate

for PSG.r2'13 Sensitivity of an ovemight oximetry for at least

moderately severe OSA can be as high as 987o; however, the

specificity can be as low as 407o, depending on how the data

are interpreted.12 Therefore, overnight oximetry should only
be used as a screening tool or for follow-up after initiation of
continuous positive airway pressure (CPAP) therapy when

coupled with formal clinical evaluation. In fact, CMS does

not recognize the use of overnight oximetry alone in diag-

nosing OSA. Because of its low specificity, further testing is

required for sleepy or otherwise symptomatic patients with a

negative oximetry result.
Similarly, several prediction models and questionnaires

have been proposed for diagnosing OSA,14 one of the most

commonly used of which is the Berlin Questionnaire.15 A1-

though the sensitivity of these questionnaires ranges from
SOVa to 9OVo, specificity can be as low as 3{Vo,limiting the

utility of this approach.14'16

CONSEQUENCES OF UNTREATED OSA

Untreated OSA is currently recognized as an independent

risk factor for the development of certain comorbid condi-

tions and mortality. Therefore, the primary care physician
needs to consider OSA when assessing the cause and/or
manageability of these diseases.

CanorovlscullR SYsTEM

A landmark study published in 2000 revealed OSA as an

independent, dose-dependent risk factor for hypertension
(adjusted odds ratio for even mild OSA, 2).17 Importantly,
treatment of OSA with CPAP improved blood pressure

control, even in those with resistant hypertension.18

Similarly, alarge 1O-year prospective study found that

untreated severe OSA independently increased the odds of
fatal and nonfatal cardiovascular events by 2.87 afi 3.17,
respectively.re Lee et al20 reported the prevalence of OSA
(defined by AHI >15) to be 65.7Vo among those admitted
for an acute myocardial infarction. Severe OSA was as-

sociated with a 3- to 4-fold higher odds of having complex
tachyarrhythmia, including atrial flbrillation and nonsus-

TABLE 2. Deflnltions of SleetrRelated Breathing Disordersa

Apnea
Hypopnea

RERA

AHI

RDIb

RDIb

Cessation of airflow for at least 10 seconds
Reduction in airflow with resultant desaturation

of >4Vo

Reduction in airflow with resultant arousal but
not meeting desaturation criteria for hypopnea

Averaged frequency of apnea and hypopnea
events per hour of sleep

Averaged frequency of apnea, hypopnea, and

RERA per hour of sleep, obtained using poly-
somnography

Averaged frequency of apnea and hypopnea
per hour of recording, obtained using portable
monitors. This value is not the same as RDI
reported in a polysomnogram report because it
is based on total recording time and not sleep

time
AHI or RDI )15 from portable monitors
or
AHI or RDI >5 and associated with symptoms

such as excessive daytime sleepiness, impaired
cognition, mood disorders, insomnia, hyper-
tension, ischemic heart disease, or history of
stroke. The presence of respiratory efforts dur-
ing these events suggests that they are predomi-
nantiy obstructive

AHI >5, with more than 507o of the respiratory
events occurring without any respiratory effort
and associated with symptoms of either exces-
sive sleepiness or disrupted sleep

Persistence or emergence of central sleep apnea

when patient receives CPAP treatment and ob-
structive events are eliminated

An obsolete term used to deflne increased RERA
but with AHI <5. The current definition sub-

sumes UARS under the OSA category

OSA

Central sleep apnea

Complex sleep apnea

UARS

a AHI = apnea-hypopnea index; CPAP = continuous positive airway pres-

sure; OSA = obstructive sleep apnea; RDI = Respiratory Disturbance
Index; RERA = respiratory effort-related arousal; UARS = upper airway
resistance svndrome.

b The rerm Rb1 is used in 2 different contexts.
Datafrom Sleep.e
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tained ventricular tachycardia.zt'z2 If severe OSA was not
treated, patients had a higher reculrence rate of atrial fi-
brillation, which was mitigated by CPAP use.23 For most

of these associations, cardiovascular morbidity and mortal-
ity were strongest in those younger than 65 years.2r Use

of CPAP mitigated these and other cardiovascular risks,re'24

emphasizing the importance of not only recognizing OSA
but also maintaining close follow-up to ensure adherence
to CPAP therapy.

CeHrnlu Nenvous Svsrervr

Although the effect of OSA on cognitive impairment, hyper-
somnolence, and fatigue has long been known,25 emerging
data strengthen the relationship between OSA and stroke.
Moderately severe OSA (AHI >15) was associated with a
higher incidence of stroke, independent of confounders
(hazard ratio, 2.86-3.561.2e'zt Sahlin et al28 found that the
risk of early death increased by 757o, independent of con-
founders, in those who survived stroke and had moderately
severe OSA vs those who did not have OSA. Fornrnately,
CPAP adherence can also mitigate this excess mortality in
those who have had a stroke.2e

An association between sleep apnea and epilepsy has

been recognized since the early 1980s and appears to be

the strongest among older adults who present with new-
onset epilepsy.3o't' Prevalence of OSA among those with
epilepsy can range from 70Vo to 457o.31 Seizure control can
be improved with adequate treatment of coexisting OSA.32

A recent meta-analysis confirmed at least a 2-fold in-
creased risk of motor vehicle accidents among those with
OSA.I As few as 2 days of CPAP use resulted in signifi-
cant risk reduction.3a Therefore, recent recommendations
to the regulators of commercial drivers include immediate
disqualification if the driver has untreated OSA, is non-
adherent to therapy, has experienced excessive sleepiness

while driving, or has experienced a crash associated with
falling asleep while driving.35 The Expert Panel also rec-
ommended that commercial drivers who are at increased
risk of OSA should only be given conditional certification
until they can be evaluated by a sleep specialist.35 Primary
care physicians should be aware of these recommendations
and inform patients who may be affected.

Eroocnrne Svsrervr

Obstructive sleep apnea also appears to be an independent

risk factor for insulin resistance and the development of di-
abetes. The Sleep Heart Health Study, which enrolled 2656
patients, showed that those with moderate to severe OSA
were more likely to have an elevated fasting glucose level
and 2-hour glucose tolerance (adjusted odds ratio, 1.46 arfl
1.44, respectively).36 Similarly, the Wisconsin Sleep Co-
hort, which enrolled 1387 patients, revealed that those with

MANAGING OBSTRUCTIVE SLEEP APNEA

moderately severe OSA were more likely to have diabetes
(odds ratio, 2.30).37 The benefits of CPAP treatment in pa-

tients with diabetes have not been extensively studied.

PeRlopenlrrve Gorupltclrons

Unrecognized OSA may lead to perioperative complica-
tions. These complications include difficult intubations,38

exaggerated respiratory depressions from anesthetics and

analgesics,3e increased postoperative reintubations,oo car-
diac dysrhythmias,ar and longer hospital stays.a0 Therefore,
the American Society of Anesthesiologists recommends
early identification and appropriate preparation for peri-
operative management of patients with suspected OSA.a2

Although it is unclear whether complications are decreased

by preoperative and postoperative use of CPAP, the Ameri-
can Society of Anesthesiologists recommends its use dur-
ing recovery if feasible.a2

TREATMENT OPTIONS

The CPAP device is still the criterion standard for the treat-
ment of OSA. It uses pressure to provide a pneumatic splint
to maintain airway patency. Suboptimal patient adherence
to CPAP has led to a number of advances in CPAP-related
equipment and in other treatment options. Although CPAP
use can decrease morbidity and mortality, close follow-up
to ensure adherence is crucial in the management of not
only OSA but also other comorbid conditions.

Recognizing that the standard CPAP mask, which cov-
ers the nose or the nose and mouth, may be the most cum-
bersome part of the treatment, manufacturers of the device
currently offer more than 100 different mask options to
customize the treatment. Nasal pillows, which insert into
the nostrils only, are preferred by some patients with claus-
trophobia. Other available masks include those that have
no attached straps, cover the mouth only, or cover the entire
face, the last of which are counterintuitively preferred by
some claustrophobic patients. Other styles can be worn like
a hat, which may be helpful for those with finger dexterity
limitations. For patients who require a full face mask (that

covers the nose and mouth) but have problems with skin
breakdown at the bridge of the nose, a mask that combines
a mouth mask with nasal pillows is an option. Cloth masks
made without any plastic are available for patients who are

extremely sensitive to plastic material. With such a variety
of mask options, a referral back to the sleep specialist is
warranted if the patient is struggling with adherence.

Advances have also been made in the design of CPAP
machines. Some systems have a heated wire integrated
into the tubing to maximize humidity without causing
excessive condensation. Machines are much smaller and
quieter. The latest model is merely 1.4 kg (3 lbs) and gen-
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erates less than 24 dB of noise, which is less than whis-
per-quiet conversation.

To help patients who struggle with the pressure gener-

ated by CPAP, machines can now temporarily decrease the

pressure at the beginning of exhalation to facilitate easier

respiratory cycles. These devices automatically increase the
pressure back up to the preset pressure before exhalation
is completed, thus allowing sufficient pressure to maintain
airway patency. Similarly, automatically adjusting positive
airway pressure (APAP), using a proprietary algorithm, will
automatically increase and decrease pressure on the basis of
identified respiratory events. The APAP device is particu-
larly useful for patients who require higher pressures in the

supine than in the nonsupine position. Rather than using 1

pressure, such devices automatically adjust the pressure to

meet the patient's pressure requirements during any given

body position. This often results in lower average pressure

throughout the night, which may contribute to better toler-
ance. Although most postbariatric patients may not require
CPAP, a large minority (>447o) have residual AHI greater

than 10.43 In such patient groups, APAP may be beneficial
because the required pressure will most likely decrease

with weight loss. Bilevel positive airway pressure (PAP) de-

vices allow for separate inspiratory and expiratory pressure

settings that may be more comfortable for some patients.

Although studies have not shown improvements in adher-

ence,4 select patients seem to tolerate bilevel PAP better

than CPAP, particularly when high pressures are required or
ifpatients had a prolonged period ofpoor initial tolerance to

CPAP treatment.a5 In fact, AASM suggests bilevel PAP be

used when CPAP pressure exceeds 15 cm HrO.a6

Primary care physicians may be asked to certify CPAP

adherence for patients covered by CMS. By CMS rules,

adherence is defined as use of the CPAP device for at least

4 hours per night for at least 7O7o of the nights during
any given consecutive 30-day period.lo Local vendors can

download the integrated adherence data from the CPAP de-

vice. Patients have 90 days after CPAP issuance to meet

these criteria. Therefore, we recommend a follow-up visit
within the first 30 to 60 days to allow for additional inter-
vention if a patient is not meeting adherence criteria.

Recognizing that PAP adherence can still be problem-
atic, several investigators studied the use of a soporific.
Adherence may be improved with the use of a benzodi-
azepine receptor agonist such as eszopiclone, particularly
if baseline adherence is 4 hours or less.a7 Other means of
improving adherence include the addition of humidity, in-
tensive education, close follow-up, and treatment of nasal

congestion.
For persistently nonadherent patients with lower AHI,

predominantly supine OSA, lower body mass index, or
with certain facial and airway features (quantifiable by a

qualif,ed dental specialist), an oral appliance may be an op-

tion.as These custom-made devices protrude the lower jaw
forward to thrust the tongue base forward, thereby enlarg-

ing the retropharyngeal region. Success rates oforal appli-
ances are 30Vo to 80Vo, depending on the selection criteria,
def,nition of success, and the device used.ae Of the many

devices available, we recommend types that are adjustable.

Positional therapy is another option for those who expe-

rience mild OSA predominantly while sleeping on their
back. This approach uses a barrier, such as a body pillow
or tennis balls in a t-shirt, to prevent supine sleep. Although
such an approach may be effective temporarily, overall ad-

herence has been disappointing.50
Surgical options are also available, including removal

of tissue from the posterior pharyngeal region (eg, uvu-
lopalatopharyngoplasty) and maxillary-mandibular ad-

vancement, in which both the maxilla and the mandible are

surgically advanced, thereby permanently enlarging the

posterior pharyngeal region. Success rates of upper airway
surgery vary from 24Vo to 86Vo, depending on severity, pa-

tient selection, deflnition of success, and type of surgery
performed.sl'52 Typically, a higher success rate is achieved

if multilevel surgery is performed (eg, uvulopalatophar-
yngoplasty followed by maxillary-mandibular advance-

ment).52 The last surgical option is a tracheostomy.
The AASM has published practice parameters for addi-

tional medical therapies.53 Neither medication nor oxygen
therapy is recommended for primary treatment of OSA.
Exceptions are adjunctive uses of a stimulant therapy with
modafinil in those who remain adherent to OSA treatment

but have residual sleepiness without any other identifiable
cause and topical nasal corticosteroids in those with con-

current rhinitis. Positional therapy (in which some barrier is

used to minimize supine sleep) may be acceptable as an ad-

junctive or secondary therapy option in those who have re-

spiratory events predominantly in the supine position only.

NEW DEVELOPMENTS

Some patients who appear to have OSA during the diag-
nostic test develop central sleep apnea on CPAP initiation
(Table 2). The incidence of this form of atypical apnea,

known as Complex Sleep Apnea Syndrome (CompSAS), is

10Vo to207o.sa Patients with CompSAS tolerate CPAP very
poorly because of increased sleep disruptions resulting
from central sleep apnea events. Although some of those

with CompSAS can eventually be treated with CPAP, up to

50Vo will require the use of a new PAP device known as the

adaptive seruo-ventilafor.ss Because CompSAS is difficult
to diagnose and treat, patients with suspected CompSAS
should be referred to a sleep center for further evaluation
and treatment.
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Recently, a new treatment device has undergone a mul-
ticenter trial to assess efficacy. Rather than using a machine
to generate PAP, Provent uses a l-way valve to maintain
a constant pressure in the posterior pharyngeal region.56

The attractive feature of this device is its simplicity: it is a
tape-like device worn over the nostrils nightly and does not
require any tubing or electricity. This product has been in
the European market and has received approval by the US
Food and Drug Administration; however, the results of a
recently completed double-blind, prospective, multicenter
trial have not yet been published.

Other novel therapy devices are currently being tested
but are not yet ready to be marketed.

CONCLUS!ON

The diagnosis and treatment of OSA have been facilitated
by continuous and ongoing advances in this evolving field.
It is important to recognize that OSA independently affects

morbidity and mortality if left untreated. Primary care physi-

cians can assist in ensuring that OSA is properly diagnosed

and treated by being more aware of this disorder and its effect
on the overall health of their patients. This disorder should

be suspected in obese or somnolent patients or in those who

snore. Patients with OSA may also present with resistant hy-
pertension, recurrent atrial fibrillation, or stroke or may have

elevated fasting glucose values. Screening with ovemight

oximetry may indicate severity but is insufficient to diagnose

OSA. Overnight PSG, whether facility-based or portable, is

required for appropriate diagnosis. Once diagnosed, CPAP
initiation is the criterion standard of treatment; however, in
those with mild OSA, an oral appliance may be acceptable.

Addition of humidity, nasal corticosteroids, different interface

options, and/or different devices may be helpful for patients

who struggle with adherence. To facilitate these interventions,
patients may need referral back to the vendor or a sleep center,

especially because l}Vo to 20Vo may have CompSAS, which
requires an entirely different approach to treatrnent. Some pa-

tients may need an ear, nose, and throat or an orthodontic con-

sultation for an evaluation of a surgical intervention if other
attempts have failed. Regardless of the treatment approach,

obese patients should be counseled on weight loss. Patients

who are struggling to lose weight and whose obesity is caus-

ing medical complications may be considered for bariatric

intervention. Novel treatment options offer altematives to im-
prove adherence and thus reduce the burden of OSA.
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CME QuestionsAbout Obstructive Sleep Apnea

l. A 67-year-old man presents for a follow-up of difficult-
to-control hypertension. He does not have a bed part-
ner and is unaware if he snores. He denies snort
arousals. His medical history includes recent myo-
cardial infarction and stroke. He admits to some day-
time sleepiness, readily falling asleep when he sits
down to read or watch television. He is obese (body
mass index, 42), His oral pharynx is very crowded,
and his neck circumference is 46 cm.
Which one of the following is the next best step in the
diagnostic evaluation of this patient?

a. Overnight oximetry
b. Berlin Questionnaire
c. Overnight polysomnography (PSG)
d. Empirical initiation of automatically adjusting posi-

tive airway pressure (APAP)
e. Initiation of therapy with a stimulant such as

modaf,nil

2. Which one of the following is /,o, associated with ob-
structive sleep apnea (OSA)?

a. Myocardial infarction
b. Pericardial effusion
c. Hypertension
d. Stroke
e. Insulin resistance
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3 . Wlich one of the following perioperative complications
is not associated with untreated or unrecognized
OSA?

a. Cardiac dysrhythmias
b. Difficult endotracheal intubation
c. Increased hospital length of stay
d. Increased postoperative endotracheal reintubations
e. Resistance to anesthetics

4. Which one of the following is the most efrcacious
treatment for OSA?

a. Continuous positive airway pressure (CPAP)
b. Bariatric surgery
c. Uvulopalatopharyngoplasty
d. Maxillary-mandibular advancement
e. Oral appliance

5. Which one of the following is no! an option when a
patient is having difficulty with CPAP adherence?

a. Supplemental nocturnal oxygen
b. Heated humidity
c. Changing to a different style of mask
d. Consideration of different machine options
e. Referral back to the local sleep medicine clinic
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