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Abstract
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Obstructive sleep apnea (OSA) is a highly prevalent disease characterized by recurrent episodes of
upper airway obstruction that result in recurrent arousals and episodic oxyhemoglobin desaturations
during sleep. Significant clinical consequences of the disorder cover a wide spectrum, including
daytime hypersomnolence, neurocognitive dysfunction, cardiovascular disease, metabolic
dysfunction, and cor pulmonale. The major risk factors for the disorder include obesity, male gender,
and age. Current understanding of the pathophysiologic basis of the disorder suggests that a balance
of anatomically imposed mechanical loads and compensatory neuromuscular responses are important
in maintaining upper airway patency during sleep. OSA develops in the presence of both elevated
mechanical loads on the upper airway and defects in compensatory neuromuscular responses. A sleep
history and physical examination is important in identification of patients and appropriate referral
for polysomnography. Understanding nuances in the spectrum of presenting complaints and
polysomnography correlates are important for diagnostic and therapeutic approaches. Knowledge of
common patterns of OSA may help to identify patients and guide therapy.
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Obstructive sleep apnea (OSA) is a highly prevalent disease, affecting 4% of men and 2% of
women,1 and strongly linked to the current obesity epidemic. The disorder is characterized by
recurrent episodes of upper airway obstruction, and is associated with reductions in ventilation,
resulting in recurrent arousals and episodic oxyhemoglobin desaturations during sleep.2
Significant clinical consequences of the disorder cover a wide spectrum including daytime
hypersomnolence,3,4 neurocognitive dysfunction,5 cardiovascular disease (hypertension,
stroke, myocardial infarction, heart failure),6,7 metabolic dysfunction,8–10 respiratory failure,
and cor pulmonale.11 The major risk factors for the disorder include obesity, male gender,
postmeno-pausal status, and age, and are discussed in detail elsewhere.12–14 The rising
prevalence of obesity in the United States suggests that OSA will represent an escalating public
health burden.15 Therefore, knowledge and understanding of the pathogenic basis, clinical
presentation, and diagnosis of OSA are essential for the development of preventive, screening,
and therapeutic strategies to reduce the public health burden of the disorder. In this review, we
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will review the current state of knowledge regarding the pathophysiologic basis of OSA and
its clinical presentation and diagnosis.
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Pathophysiology of Upper Airway Obstruction in OSA
The pharynx is a complex structure that serves several purposes including speech, swallowing,
and respiration. The human pharynx is composed of > 20 muscles and divided into four sections
that include the nasopharynx (from the nasal turbinates to the start of the soft palate),
velopharynx (from the start of the soft palate to the tip of the uvula), oropharynx (from the tip
of the uvula to the tip of the epiglottis), and hypopharynx (from the tip of the epiglottis to the
level of the vocal cords). The human pharynx can be considered as a collapsible tube that is
uniquely susceptible to collapse due to the presence of a floating hyoid bone, a longer airway,
and a less direct route for inspired air to travel when compared to other mammals. The presence
of soft tissues and bony structures, which increase extraluminal tissue pressures surrounding
the upper airway, can predispose the pharynx to collapse. In contrast, the actions of pharyngeal
dilator muscles maintain pharyngeal patency due to reflex pathways from the CNS and within
the pharynx. The presence of these opposing forces suggest that increased pharyngeal
collapsibility is due to alterations in anatomically imposed mechanical loads and/or in dynamic
neuromuscular responses to upper airway obstruction during sleep.
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Measurements of Pharyngeal Collapsibility
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Quantitative measurements of mechanical and neuromuscular contributions to pharyngeal
collapsibility have been difficult to derive during sleep. One approach has been to model the
upper airway as a collapsible tube (ie, a Starling resistor). The relationship of pressure and flow
through collapsible tubes has been well defined in the pulmonary and systemic circulation, the
intrathoracic airways, and more recently the upper airway. In the Starling resistor model (Fig
1), the collapsible segment of the tube is bound by an upstream and downstream segment with
corresponding upstream pressure (Pus) downstream pressure (Pds) and upstream resistance
and downstream resistance. Occlusion occurs when the surrounding pressure (Pcrit), becomes
greater than the intraluminal pressure, resulting in a transmural pressure of zero. In this model
of the upper airway, Pus is atmospheric at the airway opening and Pds is the tracheal pressure.
When the Pcrit is significantly lower than the Pus and Pds (Pus > Pds > Pcrit; analogous to
West zone 3 of the lung), flow throughthe tube follows the principles of an Ohmic resistor.
When the Pds falls during inspiration below Pcrit (Pus > Pcrit > Pds; analogous to West zone
2 of the lung), inspiratory airflow limitation occurs and is independent of further decreases in
Pds. Under this condition, the pharynx is in a state of partial collapse and maximal inspiratory
airflow varies linearly as a function of the difference between the Pus and Pcrit. Finally, when
the Pus falls below Pcrit (Pcrit > Pus > Pds; analogous to West zone 1 of the lung), the upper
airway is occluded.
Operationally, Pcrit in the human upper airway is determined by lowering the nasal pressure
until inspiratory airflow ceases. Measurements of Pcrit have been shown to define a spectrum
of upper airway obstruction from normal breathing (Pcrit < − 10 cm H2O), to snoring (Pcrit
range, − 10 to − 5 cm H2O), to obstructive hypopneas (Pcrit range, − 5 to 0 cm H2O) and,
finally, obstructive apneas (Pcrit > 0 cmH2O) during sleep.16–18 Patients with the upper airway
resistance syndrome (UARS), an entity characterized by flow-limited breathing that result in
arousals, has been shown to have Pcrit levels that are between snoring and hypopneas.19
Depending on the methodology, measurements of Pcrit reflect either the contributions of
anatomically imposed mechanical loads on the upper airway or dynamic neuromuscular
responses that maintain upper airway patency. The details regarding the physiologic concept
of Pcrit are reviewed in further detail elsewhere.20

Chest. Author manuscript; available in PMC 2010 January 29.

Patil et al.

Page 3

Contribution of Anatomic Factors to OSA
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OSA is known to be associated with alterations in upper airway anatomy. Structural changes
including tonsillar hypertrophy,21 retrognathia,22 and variations in craniofacial structures23,
24 have been linked to an increased risk of sleep apnea, presumably by increasing upper airway
collapsibility. Ethnic differences in craniofacial features are one potential mechanistic
explanation for observed differences in OSA prevalence and severity for a given level of
obesity.24,25 During wakefulness, CT and MRI studies26–28 have demonstrated increased fatty
tissue deposition and submucosal edema in the lateral walls of the pharynx, both of which
narrow the pharyngeal lumen and may predispose to obstruction during sleep.
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Based on the presence of upper airway anatomic alterations in OSA patients, investigators29,
30 have proposed that structural or mechanical alterations are a primary determinant of upper
airway obstruction during sleep. Recent data suggest that structural alterations in the lateral
pharyngeal walls and tongue aggregate on a familial basis, suggesting genetic susceptibility to
OSA.31 In addition, experimental data in the absence of neuromuscular activity demonstrate
a reduction in maximal pharyngeal area and elevated Pcrit in OSA subjects compared with
normal subjects.29 Furthermore, obesity, jaw position, acromegaly, tonsillar hypertrophy, and
a smaller bony enclosure surrounding the pharynx have been demonstrated to predispose
toward pharyngeal collapsibility.23,32–36 These studies imply that upper airway structural
differences distinguish OSA patients from normal subjects, and may predispose to upper
airway obstruction when protective neuromuscular mechanisms wane at sleep onset.37
Obesity, the major risk factor for OSA, has been linked with elevations in neck circumference
and increased amounts of peripharyngeal fat,38,39 which could narrow and compress the upper
airway. Furthermore, increased parapharyngeal fat has been correlated with increased sleep
apnea severity.27,40 Finally, a study41 of resected uvular tissue revealed greater amounts of
submucosal fatty tissue in patients with OSA. The compressive effects of fatty tissue deposited
around the pharynx therefore may increase upper airway collapsibility, and possibly offset the
effects of dilator muscles that maintain airway patency. Obesity may also increase pharyngeal
collapsibility through reductions in lung volumes, particularly decreases in functional residual
capacity, which are accentuated with the onset of sleep. Reductions in function residual
capacity may increase pharyngeal collapsibility through reductions in tracheal traction on the
pharyngeal segment. Conversely, increases in lung volumes result in increased tracheal traction
and stabilize the upper airway during inspiration.42–44 In OSA patients, increases in lung
volumes have been shown to decrease continuous positive airway pressure (CPAP)
requirements and OSA severity, suggesting corresponding improvements in pharyngeal
collapsibility.45,46
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Contribution of Neuromuscular Factors to OSA
It should be noted, however, that anatomically imposed mechanical loads on the upper airway
may not be sufficient to produce pharyngeal collapse during sleep. For example, women have
been shown to have a smaller pharynx and oropharyngeal junction than men,47 despite having
a lower prevalence of OSA.1 Furthermore, measurements of Pcrit under conditions of low
neuromuscular activity, which reflect upper airway mechanical loads, demonstrate significant
overlap between OSA and normal subjects.48 Thus, nonstructural (ie, neuromuscular) factors
must also play a role in protecting the upper airway. In fact, changes in upper airway
neuromuscular activity during sleep were originally described by Remmers et al,2 who
demonstrated that genioglossal electromyogram (EMGGG) activity was reduced at apnea onset
and increased with arousal when airway patency was restored. Subsequently, it was recognized
that upper airway obstruction could trigger a variety of neuromuscular responses that restore
upper airway patency by recruiting muscles that dilate and elongate the airway. Various
pharyngeal muscle groups are important in stabilizing the upper airway throughout the
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respiratory cycle (tonic activity, eg, tensor palatini) and in dilating the airway during inspiration
(phasic activity, eg, genioglossus). Pharyngeal motor output is modulated by a number of
factors that include wake vs sleep state dependent mechanisms, local mechanoreceptor
responses to negative pressure, and ventilatory control mechanisms.
In OSA patients during wakefulness, elevated genioglossal and tensor palatini muscle activity
have been observed and are significantly lowered with the application of positive nasal
pressure.49 In contrast, normal subjects had lower levels of genioglossal and tensor palatini
muscle activity that were not further reduced when positive nasal pressure was applied. These
observations suggested that increased upper airway dilator muscle activity compensates for a
more anatomically narrow upper airway in the OSA patient. Thus, reductions in upper airway
muscle activity with sleep onset through serotonergic, cholinergic, noradrenergic, and
histaminergic pathways may lead to upper airway obstruction and have been hypothesized to
be due to the loss of a “wakefulness stimulus” that may be greater in OSA patients than healthy
control subjects.37,49,50
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Pressure-sensing mechanisms play a prominent role in modulating upper airway
neuromuscular activity during wakefulness and sleep. A negative pressure reflex within the
upper airway serves to stabilize the upper airway during inspiration. At least three lines of
evidence suggest that the negative pressure reflex is primarily mediated by mechanoreceptors
within the pharynx. First, there is a tight relationship between EMGGG and pharyngeal pressure
independent of the central respiratory pattern generator within the brainstem.51 Second, topical
anesthesia to the pharyngeal mucosa attenuates the relationship between genioglossal muscle
activity and pharyngeal pressure with an increased number of obstructive apneas and
hypopneas during sleep in normal subjects and loud snorers, and/or increased duration of apneic
episodes.52–54 Third, marked decreases in EMGGG activity with corresponding increases in
pharyngeal collapsibility have been observed in patients when breathing through a
tracheostomy compared to nasal breathing,55,56 suggesting that negative pressure within the
pharynx during inspiration stabilizes upper airway patency.
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It is possible that OSA results from trauma to the upper airway due to repetitive collapsing and
opening of the upper airway over time, resulting in muscle and neuronal fiber injury. Upper
airway sensory pathways may be impaired in OSA patients because temperature, two-point
discrimination, and vibratory thresholds are disrupted in OSA patients compared to normal
individuals.57–59 Sensory receptor dysfunction could attenuate the response of upper airway
dilator muscles to the markedly negative airway pressures generated during periods of upper
airway obstruction. Further evidence for sensorimotor dysfunction and an upper airway
myopathy is provided by graded histopathologic and immunochemical alterations in the
palatopharyngeus and muscularis uvulae in OSA patients, relative to asymptomatic snorers
and normal subjects.60–63 The extent to which such mechanisms are important in the
pathogenesis of OSA, however, remains to be established.
Contribution of Neuroventilatory Factors to OSA
Ventilatory control mechanisms may also play a role in modulating pharyngeal collapsibility
during sleep. Preactivation of the pharyngeal dilator muscles stabilizes the upper airway prior
to the inflow of air and suggests CNS coordination between the upper airway and diaphragm.
The CNS is influenced by central and peripheral chemoreceptors with conditions of
hypercapnia and hypoxemia increasing central drive to the upper airway and decreasing
pharyngeal collapsibility.64,65 Increased hypercapnic ventilatory responses, prolonged
circulatory times, or low oxygen stores within the body can result in ventilatory instability that
leads to the development of periodic breathing.66 Sleep also unmasks a highly sensitive apneic
threshold (the Paco2 level below which an apnea occurs) that remains within 1 to 2 mm Hg of
the normal waking eupnic Paco2 level. Therefore, a brisk ventilatory response as seen during
Chest. Author manuscript; available in PMC 2010 January 29.
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an arousal in the susceptible individual can result in hypocapnia that is near or at the sleeping
apneic threshold and result in a hypopnea or apnea with the reinitiation of sleep.67,68 In fact,
measurements of loop gain, a measure of ventilatory control instability, have been
demonstrated to be high in patients with more severe OSA compared to patients with mild
OSA (the details regarding loop gain and its components, plant gain and controller gain are
described in detail elsewhere).66,69,70 Furthermore, in OSA patients with moderate
mechanical loads on the upper airway, a high loop gain predicted OSA severity.71 In contrast,
during periods of ventilatory instability, individuals with low levels of mechanical loads on
the upper airway appear to be resistant to the development of upper airway obstruction.68,72
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Nevertheless, whether alteration of loop gain is important in the pathogenesis of upper airway
obstruction or is a consequence of OSA has not been established. OSA can develop in normal
subjects with the application of negative nasal pressure to the upper airway (lowering the Pus
near or below the Pcrit level seen in normal subjects), which reduces the transmural pressure
across the upper airway to near or below zero, and results in upper airway obstruction with
recurrent obstructive hypopneas and/or apneas.48,73 Furthermore, in a study48 of matched
normal subjects and OSA patients, recurrent obstructive hypopneas occurred at similar levels
of upper airway obstruction. Taken together, these findings suggest that reductions in airflow
through the development of upper airway obstruction are a necessary and sufficient condition
for the initiation of OSA, and that ventilatory control mechanisms may be relevant to sustaining
recurrent OSA.
Interaction of Anatomic and Neuromuscular Factors on Pharyngeal Collapsibility
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It is likely that a combination of upper airway mechanical loads and disturbances in
neuromuscular mechanisms account for the pathogenesis of OSA. For example, in a group of
OSA subjects, one third of the variability in OSA severity was ascribed to mechanical loads,
suggesting that neuromuscular mechanisms accounted for the remaining two thirds.74 Using
techniques to partition the relative contribution of mechanical and neuromuscular factors
toward pharyngeal collapsibility, it has been shown that OSA patients during sleep have both
an increased mechanical load on the upper airway (passive Pcrit) and impaired neuromuscular
responses to upper airway obstruction (active Pcrit).48 As demonstrated in Figure 2, a Pcrit of
approximately − 5 cm H2O represents the disease threshold, above which obstructive
hypopneas and apneas occurred. In normal subjects, when mechanical loads on the upper
airway lowered the Pcrit below the disease threshold, OSA was not present. In contrast, a
subgroup of normal subjects had elevated mechanical loads that raised the Pcrit above the
disease threshold and placed them at risk of OSA, but were protected through the recruitment
of neuromuscular responses that lowered the Pcrit below the disease threshold. The authors
suggested that the development of OSA requires a “two-hit” defect, with defects in both upper
airway mechanical and neuromuscular responses.48

Clinical Presentation
The classic signs and symptoms for OSA include signs of upper airway obstruction during
sleep, insomnia, and daytime hypersomnolence in the setting of obesity; however, a broad
range of symptoms can be reported (Table 1). Generally, these symptoms develop over years
and progress in association with increases in weight, aging, or transition to menopause. A
detailed longitudinal sleep history and physical examination are essential in identifying at- risk
individuals because as many as 90% of cases in men and 98% of cases in women may go
undiagnosed for many years.75 The prevalence of OSA is higher in patients with certain
comorbid conditions including hypertension, stroke, coronary artery disease, congestive heart
failure, and diabetes mellitus, suggesting that these patient populations should be screened for
symptoms and signs of OSA.76 The typical presentation of obesity, snoring, and witnessed
apneas are less predictive of OSA with age, suggesting that the diagnosis may be missed in an
Chest. Author manuscript; available in PMC 2010 January 29.
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“atypical patient.”77 Therefore, screening questions concerning sleep disturbances should be
included as part of the physician’s review of systems because OSA is a common disorder and
can be treated successfully.
Women in particular are often not referred for evaluation of OSA, typically due to lower
suspicion for the disorder on the part of physicians or due to underreporting of the classic
symptoms by patients. Furthermore, women are less likely to report the classic symptoms of
obstructive breathing and daytime hypersomnolence and may report other symptoms including
insomnia, heart palpitations, and ankle edema.78 It has been suggested that some of the
functional somatic syndromes, including chronic fatigue syndrome, fibromyalgia, irritable
bowel syndrome, and migraine headaches, that are seen more commonly in women may be
associated with milder forms of OSA such as UARS.79,80 In addition, women report diagnoses
of hypothyroidism, asthma/allergies, and depression more often than men, suggesting that
symptoms of daytime sleepiness are inappropriately attributed to these medical disorders than
consideration for OSA. The relatively low referral of women for evaluation of OSA may
account for the large gender disparity in disease prevalence (as much as 10:1) found in clinicbased samples.81 The prevalence of OSA in women that are screened independent of
symptoms, however, is half (1:2) that seen in men, suggesting that differences in clinical
presentation may partly explain the difference in disease prevalence seen between clinic and
population-based samples.
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Nocturnal Obstructive Breathing
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Obstructive breathing symptoms, which include snoring, snorting, gasping, choking, and
witnessed apneic episodes, are perhaps the most common reasons for referral and evaluation
of OSA. A history of loud snoring or the bed partner sleeping in a separate room increases the
likelihood that OSA will be diagnosed. Patients may report intermittent awakenings when
hearing themselves snore, with symptoms of choking and gasping, or for no apparent reason.
Eliciting a history of witnessed apneic episodes is a strong predictor for the presence of OSA,
although it does not adequately predict the severity of the disorder. Patients are often unaware
of nocturnal obstructive breathing symptoms due to their state of consciousness and only learn
of the irritating nature of the symptoms from a bed partner. The lack of awareness of obstructive
breathing symptoms during the night is often underreported by the patient and may only be
obvious if the bed partner is present at the office visit. Furthermore, obstructive breathing
symptoms are often under appreciated by the patient and may lead to a delay in diagnosis until
other more obvious symptoms (eg, daytime hypersomnolence) are present. When a bed partner
is not available to provide objective assessment of nocturnal breathing symptoms in a patient,
the physician must increasingly rely on other clinical risk factors, including body-mass index,
age, sex, and menopausal status, in determining the patient’s a priori probability of having
OSA (see below).
Insomnia and Arousals
Patients with OSA may complain of insomnia.82,83 Insomnia is a symptom complex
characterized by difficulties in initiating sleep, intermittent awakenings from sleep, or early
morning awakenings with an inability to return to sleep. Patients with symptoms of insomnia
documented by reduced total sleep time, fragmented sleep, or early morning awakenings often
complain of associated chronic fatigue or lassitude but not hypersomnolence.
An important nocturnal symptom that can lead to the perception of difficulty in maintaining
sleep is arousal from sleep. Arousal has been variously defined in the literature but in general
can be defined as complete arousal when both EEG evidence and a state of consciousness exist
or, as partial arousals, when EEG evidence without consciousness occurs. Normal individuals
may have spontaneous partial or complete arousals that are not due to an underlying sleep
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disorder. Spontaneous complete arousals to levels of consciousness occur approximately one
to three times nightly, last 3 to 5 min, but are not associated with symptoms and are terminated
with rapid resumption of sleep. Furthermore, 15- to 20-s partial arousals normally occur as
often as 5 to 10 times per hour and increase with age.84 Patients may demonstrate arousal with
concomitant symptoms such as choking and gasping sensation that help to support a diagnosis
of OSA rather than another sleep disorder. OSA patients with complaints of insomnia
demonstrate complete arousals more frequently than OSA patients without insomnia
symptoms, as suggested by reduced sleep efficiency, total sleep time, and sleep latency.83
Sleep-onset insomnia has also been documented in patients with OSA.85 OSA may promote
and exacerbate insomnia symptoms through psychophysiologic conditioning in response to
repeated complete arousals.83 Such awakenings may lead to ruminations and a state of
hyperarousal that result in difficulties in initiating or maintaining sleep. The role of treatment
of OSA in remitting insomnia symptoms independent of cognitive behavioral therapy remains
to be established.86
Hypersomnolence
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Hypersomnolence is the most common symptom reported by patients with OSA. Pathologic
hypersomnolence can be easily determined from the medical interview because patients will
complain of intrusion of sleep during normally active situations, such as eating or talking.82
Patients in the early stages of OSA, however, may have subtle and often easily ignored
tendencies to sleep, especially during sedentary activities such as reading, watching television,
or computer-based activities. Questioning should be directed at whether routine sleep occurs
during monotonous or repetitious activities and whether such symptoms occur at work or while
driving. Information from family members present at the clinic visit who note a perceptible
change in the level of alertness should be carefully considered. Hypersomnolence can be
confused with tiredness, fatigue, or lethargy, which can also occur with OSA. Patients may
deny clinically apparent hypersomnolence because of social stigma and potential job loss.
Moreover, OSA may in fact lead to cognitive impairment, resulting in a decreased ability to
perceive sleepiness. Determining the ease with which a person sleeps rather than whether the
person is able to stay awake can be helpful in establishing the presence of hypersomnolence.
Several standard questionnaires, such as the Epworth sleepiness scale,87 may be useful to
administer during the office visit in evaluating the severity of daytime sleepiness symptoms (a
score ≥ 10 of 24 is associated with symptoms of daytime sleepiness).

Diagnosis
Risk Stratification for Appropriate Referral for Polysomnography
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Appropriate referral by the physician for a sleep study begins with the history and physical
examination. Clinical impression using a combination of symptoms, physical examination
findings, and other objective data has been used to risk stratify patients for appropriate referral
to a sleep laboratory. Obesity, in a population of middle-aged men from the community resulted
in an OSA prevalence of > 50%.88 Snoring, while associated with a higher prevalence of OSA,
only has a positive predictive value and negative predictive value of 63% and 56%,
respectively.89 Witnessed apneas and hypersomnolence separately or together in other studies
have positive and negative predictive values that range from 40 to 60%.76 Physical examination
findings such as the Mallampati score, tonsillar hyperplasia, and lateral peritonsillar narrowing
have been associated with OSA independent of body mass index or neck circumference.90,91
Of note, however, is that these examination findings have no significant predictive abilities in
women.91The use of home-based nocturnal oximetry alone as a screening tool for OSA has a
sensitivity of only 31% and can lead to an underestimation of OSA severity.92 Combinations
of the above factors modestly raise the predictive abilities of various models to levels of 60 to
70%. More recent clinical prediction models that integrate specific clinical examination
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findings and/or home-based oximetry appear to have improved predictive capabilities and hold
promise for risk stratification; however, further validation is required.76 More detailed
descriptions of the value of prediction models for OSA can be found elsewhere.76 Clinical
impression or symptom-based diagnosis alone, however, lacks the necessary diagnostic
accuracy for the disorder; therefore, objective testing through polysomnography is still
required.
Polysomnography
Polysomnography is the “gold standard” test for the diagnosis of OSA. The test is an overnight
study during which multiple physiologic signals are monitored in the sleeping patient. The
signals collected can be classified into three primary groups: those related to recognizing sleep
(EEG, electrooculogram, submental electromyogram), those related to cardiac arrhythmia
monitoring (ECG), and those related to respiration (airflow, thoracoabdominal effort, and
oximetry). Airflow can be monitored in several ways, including an oronasal thermistor,
inductive plethysmography, or nasal cannula/pressure transducer system. Monitoring of nasal
pressure has become the preferred approach for measuring airflow because the signal is
semiquantitative and approximates airflow measurements obtained from a pneumotachograph,
the “gold standard” for measurements of airflow.93,94 The role of portable polysomnography
in the diagnosis of OSA is currently being debated and will be addressed by a future article in
this series.
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A trained polysomnogram technologist with over-sight from the sleep physician will analyze
the collected study, determine the distribution of sleep states, and characterize the severity of
the disordered breathing seen during the night. Standards have been created for the
classification of disordered breathing events (Table 2).76 A disordered breathing event is
characterized as an apnea (a cessation in airflow of at least 10 s) or a hypopnea (a reduction in
airflow of certain magnitude for at least 10 s in duration in association with either an arousal
or oxyhemoglobin desaturation. Definitions of hypopneas have generated the most controversy
with respect to the appropriate minimum level of oxyhemoglobin desaturation and the
reliability of scoring arousals between scorers and centers. However, a oxyhemoglobin
desaturation of 3 to 4% and specific EEG criteria for arousals are commonly accepted.76 More
recently, some have advocated an additional disordered breathing event named respiratory
effort-related arousal (RERA). Definitions of RERAs vary across centers; however, a practice
parameter has defined a RERA as a sequence of breaths over a duration of at least 10 s in length
with increasing respiratory effort (based on esophageal monitoring) that terminate with an
arousal.95-97 RERAs are primarily used to identify patients who may have UARS. However,
since RERAs represent a form of upper airway obstruction and have the same underlying
pathophysiology as apneas and hypopneas, the current International Classification of Sleep
Disorders recommends that UARS be considered a part of OSA and not a separate entity.98
Apneas and hypopneas are classified as obstructive if there is the presence of respiratory effort
and central if there is no effort. The number of apneas and hypopneas per hour of sleep (apneahypopnea index [AHI]) is the index most commonly used to determine the severity of OSA,
with no validated standards regarding severity classification. Current Medicare criteria have
adopted an AHI ≥ 15/h (considered to be moderate or severe OSA) or an AHI ≥ 5/h with
documented symptoms of excessive daytime sleepiness, impaired cognition, mood disorders
or insomnia, or documented hypertension, ischemic heart disease, or stroke to define disease
requiring treatment by CPAP. Additional studies, however, are required to determine the
adequate AHI thresholds associated with the broad clinical sequelae of OSA.
Polysomnography can yield useful correlates of the patient’s clinical presentation. In Figure
3, a summary graph from a sleep study recording in a patient with severe OSA is presented
and displays the hypnogram (a summary of the various sleep stages experienced by the patient)
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and an oximeter tracing. Review of the tracing reveals frequent, severe desaturations associated
with each respiratory event but with relatively few transitions from sleep to wake. OSA patients
with this pattern often complain of severe daytime sleepiness despite the few transitions to
wakefulness. Intermittent arousals from sleep were seen in association with only half of the
respiratory events, suggesting that the hypoxemia may also contribute to the daytime sleepiness
seen in these patients.3,99 In a study examining OSA severity as a predictor of daytime
sleepiness as assessed by multiple sleep latency test (MSLT), the severity of hypoxemia was
shown to be an independent predictor of short sleep latency during the MSLT.4 Furthermore,
the pattern of severe oxyhemoglobin desaturations is more likely to be seen in obese individuals
due to low total body oxygen stores from a reduced functional residual capacity.
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In contrast to severe oxyhemoglobin desaturations, patients can present with moderately severe
OSA and minimal oxyhemoglobin desaturations (Fig 4). As shown in this figure, the
hypnogram reveals frequent sleep state transitions to lighter stages of sleep and brief
awakenings with very few episodes of oxyhemoglobin desaturations. OSA patients with
frequent transitions to lighter stages of sleep with frequent awakenings, in our clinical
experience, can present with complaints of insomnia rather than hypersomnolence due to the
sleep disruption, which can resolve with treatment of the OSA.86 Demographic characteristics
of patients with this pattern of OSA, in our clinical experience, include individuals of normal
weight or who are overweight (but not obese), often young, and women. The fragmented sleep
seen in this example emphasizes the need for EEG monitoring because oximetry alone would
miss the diagnosis of OSA or underestimate the severity of OSA.
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Another typical pattern of OSA is seen in Figure 5. As can be seen, the individual has marked
oxyhemoglobin desaturation occurring only during periods of rapid eye movement (REM)
sleep (thick black bar). In contrast, a pattern of discrete periods of oxyhemoglobin desaturations
throughout the night during non-REM sleep suggests the presence of a positional component
of OSA. The patient has an AHI of 75/h during REM sleep, 10/h during non-REM sleep, and
a total sleep time AHI of 24/h. REM-related patterns of OSA are more frequently seen in women
than men.100 REM-related OSA in patients may represent an early sign of impaired
neuromuscular responses to upper airway obstruction, suggesting these patients are vulnerable
to the effects of CNS-acting agents such as hypnotics or anesthetics. Patients with REM-related
OSA may be more prone to adverse clinical events postoperatively after anesthesia, when
periods of REM sleep rebound are commonly observed.101 Management of patients with
REM-related OSA in the home setting is a matter of some controversy because the clinical
sequelae of REM-related OSA has not been well studied. Some studies suggest that REMrelated OSA is not associated with hypersomnolence as measured by the MSLT.3 Nevertheless,
clinical experience suggests that a subset of REM-related OSA patients respond to therapy
with CPAP, suggesting that subtle sleep-disordered breathing events may have been missed
during non-REM sleep.

Summary
OSA is a common sleep disorder that can present in a variety of ways in the pulmonary
physician’s office. With a fundamental understanding of the pathophysiology of OSA, the
pulmonary physician can routinely integrate questions into their review of system that will
assist in appropriate referral for polysomnography and diagnosis of the disorder. Understanding
nuances in the spectrum of presenting complaints and polysomnography correlates are
important for diagnostic and therapeutic purposes. Knowledge of common patterns of OSA
may help to identify patients and guide therapy.
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AHI

apnea-hypopnea index

CPAP

continuous positive airway pressure

EMGGG

genioglossal electromyogram activity

MSLT

multiple sleep latency test

OSA

obstructive sleep apnea

Pcrit

critical closing pressure

Pds

downstream pressure

Pus

upstream pressure

REM

rapid eye movement

RERA

respiratory effort-related arousal

UARS

upper airway resistance syndrome
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In the Starling resistor model, the collapsible segment of the tube is bound by an upstream and
downstream segment with corresponding upstream and downstream pressures (Pus and Pds)
and resistances (upstream resistance pressure and downstream resistance; data not shown). See
text for further explanation (adapted in part from Gleadhill et al18). Vimax = maximal
inspiratory flow; Rus = upstream resistance.
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Figure 2.

Illustration of the relative role of anatomically imposed mechanical loads and compensatory
neuromuscular responses in maintaining upper airway patency. A Pcrit of approximately − 5
cm H2O represents the disease threshold, the level above which obstructive hypopneas and
apneas occurred. When mechanical loads on the upper airway are below the disease threshold,
OSA is not present, regardless of whether neuromuscular responses are recruited. When
mechanical loads on the upper airway are above the disease threshold, recruitment of
compensatory neuromuscular responses are necessary to maintain upper airway patency;
otherwise, OSA events will occur. Under this paradigm, the development of OSA requires a
“two-hit” defect, with defects in both upper airway mechanical and neuromuscular responses
(used with permission from Patil et al48).
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Figure 3.
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A summary hypnogram and oximetry tracing in a patient with severe OSA (AHI, 84/h). Note
the relatively infrequent transitions to lighter stages of sleep in the setting of severe
oxyhemoglobin desaturations (Desat) [as low as 70%]. An expanded view of the sleep study
is present in the lower panel. In the tracing, three obstructive apneas in association with
oxyhemoglobin desaturation (pulse oximetry saturation range [SpO2], 70 to 100%) and
arousals (indicated by arrows over the EEG tracing; see text for additional details). SmEMG
= submental electromyogram.
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Figure 4.

NIH-PA Author Manuscript

A summary hypnogram and oximetry tracing in a patient with moderately severe OSA (AHI,
37/h) and sleep fragmentation. Note the frequent transitions from sleep to wakefulness
throughout the night. An expanded view of the sleep study is shown in the lower panel. In the
tracing, five obstructive hypopneas in association with arousals (indicated by the arrows over
the EEG tracing) are shown. Oxyhemoglobin desaturations of ≥ 3 to 4% were not observed in
association with these events. Nocturnal oximetry alone would have missed the diagnosis of
OSA (see text for further details). See Figure 3 legend for expansion of abbreviations.
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Figure 5.

A summary hypnogram and oximetry tracing in a patient with REM-related OSA, a pattern
commonly seen in women (see text for additional details). See Figure 3 legend for expansion
of abbreviations.
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Table 1

Symptoms and Signs of OSA
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Daytime symptoms
Daytime sleepiness or fatigue
Difficulties with concentration and short-term memory
Depression
Nocturnal symptoms
Awakenings
Insomnia
Nocturia
Obstructive breathing
Loud snoring
Choking/gasping
Witnessed apneas
Conditions with increased risk
Menopausal status in women

NIH-PA Author Manuscript

Family history of OSA
Hypertension
Stroke
Diabetes mellitus
Alcohol use
Pulmonary hypertension
Signs
Upper body obesity
Crowded pharyngeal airspace
Retrognathia
Reduced cricomental space
Macroglossia
Lateral peritonsillar narrowing
Lower extremity edema
Tonsillar hyperplasia
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Elevated Mallampati score
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A reduction in airflow associated with an EEG arousal or oxyhemoglobin desaturation. Several
definitions are in use, and there is currently a lack of consensus. The Centers for Medicare and
Medicaid Services definition of hypopnea is a respiratory event with a ≥ 30% reduction in
thoracoabdominal movement or airflow as compared to baseline lasting at least 10 s, and with a
≥ 4% oxygen desaturation.
Sequence of breaths with increasing respiratory effort leading to an arousal from sleep as shown by
progressively more negative esophageal pressure for at least 10 s preceding an arousal with
resumption of more normal pressures. A clinical definition has not been agreed upon, and the
current research definition is arguably comparable to a hypopnea.

RERA

The lack of thoracoabdominal effort in the setting of partial or complete airflow cessation.
A respiratory event with both obstructive and central features. Mixed events generally begin
without thoracoabdominal effort and end with several thoracoabdominal efforts in breathing.

Central

Mixed

No. of apneas and hypopnea per hour of total sleep time.
No. of apneas per hour of total sleep time.
No. of hypopneas per hour of total sleep time.
No. of RERAs per hour of total sleep time.
No. of apneas, hypopneas, and RERAs per hour of total sleep time.
No. of central apneas per hour of total sleep time.
No. of mixed apneas per hour of total sleep time.

AHI

Apnea index

Hypopnea index

RERA index

Respiratory disturbance index

Central apnea index

Mixed apnea index

Indices of sleep-disordered breathing

Continued thoracoabdominal effort in the setting of partial or complete airflow cessation.

Obstructive

Type of breathing event

A cessation of airflow for at least 10 s.

Hypopnea

Definition

Apnea

Breathing Events

From Kushida et al.76

*
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Definitions of Respiratory Events and Indices*
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