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Preface

In 1999, Frucht and co-workers1 published a paper on “sleep attacks” in
Parkinson’s disease (PD) patients on dopamine agonist treatment implying
that the treatment itself actually triggered this acute event in these patients.
This paper served as a catalyst to awaken the entire movement disorders
community about the importance of sleep and sleep dysfunction in PD and
other movement disorders and to sensitize the sleep community about acute
and emergent events in sleep disorders. It has been known for a long time
that sleep deprivation (either resulting from lifestyle factors or sleep pathologies) can lead to fatal and non-fatal accidents at work or on the road. Moreover,
sleep deprivation coupled with alcohol consumption is a lethal combination.
Every attempt must be made to prevent catastrophic events resulting from
sleep deprivation and sleep disorders. Not only lives but billions of dollars
are lost from loss of jobs, medical costs and other expenses as a result of acute
events derived from sleep deprivation. Unfortunately, the public and profession alike are still not sufﬁciently cognizant of the fact that a “sleep attack”
can be as dangerous as a “heart attack” or “brain attack” (stroke). There is an
enormous amount of recent literature on the short-term and long-term adverse
effects of sleep restriction and sleep deprivation. Short-term effects include
accidents (e.g., falls, fractures, crashes) at work or home, lack of concentration
and attention, impaired quality of life and forgetfulness. Long-term effects
include hypertension, myocardial infarction, heart failure, cardiac arrhythmias,
stroke, obesity, type 2 diabetes mellitus and cognitive impairment. Acute and
emergent events may occur without warning in any primary sleep disorder
(e.g., obstructive sleep apnea syndrome, narcolepsy, insomnia, circadian
rhythm disorders) or comorbid sleep dysfunction associated with medical,
psychiatric and neurological disorders, alcohol and medication-related
sleep pathologies. There are both anecdotal and case series reports of
sudden cardiac arrhythmias and even sudden death associated with severe
OSAS and hypoxemia during overnight polysomnographic recordings in
v
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sleep laboratories. In patients with restless legs syndrome (RLS) there are anecdotal
or case reports of suicidal thoughts (see Q.80 in Chokroverty2), emergency room
visits (see Q. 51 in Chokroverty2) and injuries related to severe, uncomfortable
and unbearable sensory symptoms with an intense urge to move. Many parasomnias, particularly REM behavior disorder (RBD), may be associated with
injurious behavior. Although not frequent, it is incumbent upon all sleep professionals and sleep technologists to be vigilant about urgent and acute events
occurring in sleep disorders. Regrettably these catastrophic events in sleep
medicine are mentioned casually in sleep medicine textbooks without devoting sufﬁcient space to explain in detail the importance of recognizing them so
that they can be prevented and treated to minimize morbidity and mortality.
In the last three decades, considerable progress has been made in the ﬁeld
of sleep medicine. Advances in sleep medicine and basic science have brought
acute events in sleep disorders to the forefront and have taught us the dangers
of sleep deprivation. Through colorful displays of images, special neuroimaging studies have vividly demonstrated activation of the limbic cortex in REM
behavior disorder and perhaps even in partial arousal disorders, emphasizing
the dangers of such acute events in sleep. Advances in clinical science have
clearly demonstrated the impending dangers of sleep apnea, acute insomnia,
narcolepsy and other hypersomnias in terms of increasing morbidity and
mortality. Advances in laboratory techniques have helped us to identify such
acute events (e.g., cardiac arrhythmias, dangerous hypoxemias, ataxic breathing pattern pointing to a destabilized central respiratory controller with
impending danger, irresistible hypersomnolence resulting in falls and accidents) so that appropriate measures for prevention and treatment can be readily instituted. Finally, advances in treatment (e.g., positive pressure therapy,
pharmacological treatment for narcolepsy and other hypersomnias, insomnia
and other sleep disorders) have enabled us to effectively manage the acute
and emergent events observed in common sleep disorders.
Therefore, now is the most opportune moment to bring together in this
single volume comprising these many acute and urgent events that can occur
in almost every sleep disorder listed in the International Classiﬁcation of
Sleep Disorders, edition 2 (ICSD-2).
In this volume, we are fortunate to have some of the World’s foremost
sleep specialists who agreed to contribute chapters emphasizing the acute
events in sleep disorders medicine. We owe these contributions an enormous
amount of gratitude and heartfelt thanks. In order to emphasize the urgent
events, we asked the authors to prepare the background by brieﬂy outlining
the salient features of the disease, and therefore, there are some unavoidable
repetitions which, we hope the readers will understand. We tried to cover all
aspects but we are certain there are some omissions for which we send our
regrets. We will rectify such deﬁciencies in our future edition should the
readers point to us such deﬁciencies.
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This book should be useful to all multidisciplinary sleep specialists including
those practicing internal medicine (particularly pulmonary, cardiovascular,
gastrointestinal, renal and endocrine medicine), intensive care physicians and
surgeons, emergency room physicians, neurologists, psychiatrists, family
physicians, pediatricians, otolaryngologists, dentists, psychologists practicing sleep medicine, neurosurgeons as well as sleep and EEG technologists,
respiratory therapists, nurses, particularly ICU nurses and other professionals with an interest and curiosity about sleep and sleep disorders. It will also
be a handy and useful resource in sleep centers and sleep labs across the
world where one may encounter these emergent situations.
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1
Sleep Apnea: Respiratory Issues

*

Greg Matwiyoff, MD, Sheila Tsai, MD, and
Teoﬁlo Lee-Chiong, MD

Relatively few respiratory emergencies occur during polysomnography.1
Sleep apnea is a chronic problem that in many cases has been present for several years. However, since patients with sleep apnea tend to have more preexisting comorbidities, it is essential to be aware of potential problems and to
have an appropriate plan in place to deal with emergencies should they occur.
It is also important to keep in mind that polysomnography is often an elective
procedure that should be scheduled when the patient is in a chronic, stable
state free from acute illness; this usually provides the most valuable and reliable study, and limits the potential for complications related to acute illness.
As such, the primary strategy for managing respiratory emergencies during
polysomnography is to prevent them from occurring in the ﬁrst place. Thus,
it is imperative to obtain a thorough medical history, including any underlying respiratory disorders, and to assess the patient’s current health. The
patient should be asked to provide a current and comprehensive list of medications he or she is taking and should be questioned speciﬁcally regarding
the use of any sleep medications, including hypnotics, narcotics, and benzodiazepines. The technical staff in the laboratory should ensure that the patient
has been appropriately screened and has provided the relevant data mentioned above. Furthermore, technicians should verify that the patient being
studied is free of acute illness and is behaving appropriately.
Sleep apnea is characterized by the repetitive cessation or reduction of
airﬂow that occurs during sleep. These respiratory events can occur despite
the presence of respiratory efforts and can be due to complete or partial upper
The views expressed in this work are those of the authors and do not necessarily reﬂect
the ofﬁcial policy or position of the Department of the Navy, Department of Defense, nor
the U.S. Government.
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airway collapse during sleep, as in the case of obstructive sleep apnea.
Cessation of airﬂow can also result from absent respiratory efforts, as in the
various forms of central sleep apnea. Apnea in an adult is deﬁned by a cessation of nasal and oral airﬂow for at least 10 seconds, and is classiﬁed as central
if respiratory efforts are absent; as an obstructive event if respiratory efforts
are present; or as a mixed event if there is an initial central apneic component
followed by an obstructive component. A hypopnea, on the other hand, is
deﬁned as a reduction in airﬂow by at least 30% from baseline with a duration
of at least 10 seconds associated with an oxygen desaturation of 4% or more.2

Obstructive Sleep Apnea
Obstructive sleep apnea is estimated to affect 2% to 4% of adults in industrialized countries.3 The prevalence is likely to increase as the obesity epidemic
continues to worsen throughout the world. It is more common among men
than women, with roughly twice the prevalence in men. However, the prevalence in postmenopausal women tends to approach that of men. Other risk
factors include obesity, speciﬁc craniofacial abnormalities (large neck circumference, enlarged tonsils and adenoids, crowded posterior pharyngeal space,
large uvula, macroglossia, and retro- or micrognathia or features of central
facial hypoplasia, as seen in trisomy 21).
Evaluation of suspected obstructive sleep apnea should include a thorough clinical history and physical examination. Polysomnography is required
for the diagnosis of obstructive sleep apnea since neither clinical nor physical
examination features are sufﬁciently sensitive or speciﬁc for this disorder.

Physiology of the Respiratory System During Sleep
It is important to understand the respiratory changes that occur during sleep
in order to anticipate problems that may occur during polysomnography.
There are several important changes in the control of respiration that occur
during both non-rapid eye movement (NREM) and rapid eye movement
(REM) sleep; these, in turn, determine the ability to oxygenate and ventilate
during sleep. Whereas both metabolic (pH, PaO2, and PaCO2) and behavioral
factors inﬂuence respiration during the wake state, during sleep, behavioral
input is lost, leaving only metabolic factors to control the frequency and amplitude of respiration. Thus, PaO2 generally falls by approximately 3 to 9 mmHg
and SaO2 by 2%, and PaCO2 rises by 3 to 8 mmHg during sleep compared to
levels during wakefulness.4,5 These changes occur primarily as a result of
reductions in tidal volume resulting in lower overall minute ventilation.
Hypoxic and hypercapnic ventilatory responses and activity of accessory muscles of respiration decrease during NREM sleep compared to the awake state.
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During REM sleep, respiratory mechanics change even further, with loss of
respiratory effort from accessory muscles such as the intercostals and scalenes.
Furthermore, in the supine position, abdominal weight creates increased work
of breathing and can further decrease ventilation during sleep. Additionally,
REM sleep is associated with even more depressed upper airway dilating
muscle activity and lower lung volumes.
The upper airway can be conceptualized as a collapsible cylinder, with its
patency determined by the balance of factors that either maintain airway
opening, with activation of dilator muscles, or promote airway closure, with
a reduction in intraluminal extrathoracic airway pressure, with or without
accompanying forces external to the airway promoting extrinsic collapse (as
is the case with excessive adipose or soft tissue accumulation around upper
airway structures). In addition, airway caliber is inﬂuenced by lung volume,
which decreases during sleep.
Critical closing pressure (PCRIT) is the intraluminal pressure below which
the upper airway collapses. Critical closing pressure is progressively less negative among snorers and those with obstructive sleep apnea compared to
non-snorers. Activation of the upper airway dilator muscles decreases PCRIT ,
requiring a larger negative pressure to collapse the airway.
Airﬂow through the upper airway is dependent upon three principal pressures: upstream (nasal) pressure, downstream (hypopharyngeal) pressure,
and the pressure surrounding the vulnerable portions of the upper airway,
which tend to promote airway collapse and raise the overall upper airway
resistance. Therefore, airﬂow within the upper airway is greater with higher
upstream pressure, lower downstream pressure, and minimal surrounding
pressure encroaching on collapsible segments of the upper airway.
In obstructive sleep apnea, the reduced activity of the upper airway dilating muscles during sleep results in repetitive upper airway obstruction. These
respiratory events are associated with episodic snoring, oxygen desaturation,
and relative bradycardia during airway obstruction. These respiratory events
generally terminate with an arousal associated with tachycardia and a transient increase in blood pressure in the immediate post-apneic period.

Nocturnal Hypoxemia in Obstructive Sleep Apnea
Sleep-related hypoxemia is deﬁned by the International Classiﬁcation of
Sleep Disorders, second edition, as oxyhemoglobin saturation during sleep of
less than 90% for more than 5 minutes with a nadir of at least 85%, or saturation less than 90% for greater than 30% of the total sleep time6 in the absence
of obstructive, mixed, or central apnea or hypopnea, and inspiratory airﬂow
limitation or snoring.
The degree of oxygen desaturation in persons with obstructive sleep apnea
is directly related to the apnea–hypopnea index or AHI (the number of apneas
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plus hypopneas per hour of sleep), and worsens depending on the duration
of an individual episode of apnea or hypopnea; the percentage of sleep during
which apnea or hypopneas are present; and a shorter duration of normal ventilation between periods of apneas and hypopneas. However, there is signiﬁcant intra- and inter-night variability in AHI in persons with obstructive sleep
apnea, as a result of changes in the percentages of supine versus non-supine
sleep as well as NREM versus REM sleep. For example, as previously discussed, AHI tends to be higher during REM sleep in the supine position.
Alcohol, muscle relaxants, sedatives, and opioids all tend to diminish upper
airway muscle tone and can worsen the severity of obstructive sleep apnea,
as can changes in nasal resistance brought about by congestion due to allergies or infection. Finally, a change in weight is directly correlated with both
the risk and severity of obstructive sleep apnea.
Other factors that increase the severity of oxygen desaturation include
levels of awake supine oxygen saturation; baseline sleep oxygen saturation;
functional residual capacity and expiratory reserve volume; and the presence
of comorbid lung disorders, such as interstitial or chronic obstructive lung
disease. The decrease in gas exchange is more obvious in patients with underlying lung diseases and can manifest as more severe hypoxemia and hypercapnia. Oxygen desaturation is also more severe with obstructive rather than
central apneas. Finally, respiratory events are generally more frequent, last
longer, and are associated with more profound oxygen desaturation during
REM sleep compared to NREM sleep.

Differential Diagnosis of Nocturnal Hypoxemia
Aside from obstructive sleep apnea, there are several other disorders that can
give rise to oxygen desaturation during sleep. These include central sleep
apnea, alveolar hypoventilation syndromes, high altitude, chronic obstructive pulmonary disease, nocturnal asthma, congestive heart failure, neuromuscular diseases, diaphragm paralysis, and restrictive lung disease.
Central Sleep Apnea
In this disorder, repetitive cessation of airﬂow during sleep is due to a reduction or loss of ventilatory effort. Episodic oxygen desaturation is generally
milder than in obstructive sleep apnea. Based on the level of ventilation,
central sleep apnea can either be hypercapnic or non-hypercapnic. Hypercapnic
central sleep apnea may be seen in neuromuscular disorders or chronic use
of long-acting opioids. Examples of non-hypercapnic central sleep apnea
include idiopathic central sleep apnea, high-altitude periodic breathing,
complex sleep apnea, and central sleep apnea secondary to congestive heart
failure.
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Cheyne-Stokes respiration is deﬁned by the presence of periodic breathing
with recurring episodes of crescendo–decrescendo ventilation separated by
central apneas or hypopneas with a cycle time of about 60 to 90 seconds.7
Central apneas are present during NREM sleep and improve or resolve during
REM sleep. Compared to obstructive sleep apnea, in which the nadir of
oxygen desaturation typically occurs following termination of apnea, due to
the cycle time of these events, patients with Cheyne-Stokes respiration often
have a more delayed oxygen desaturation nadir. Also, compared to obstructive sleep apnea, in which the arousals occur at the termination of the apnea,
in Cheyne-Stokes respiration, the arousals occur at the peak of the hyperpneic
episode.
Alveolar Hypoventilation Syndromes
Sleep-related oxygen desaturation and hypercapnia (PaCO2 during sleep
greater than 45 mmHg, or abnormally increased relative to waking levels) are
generally present in the various alveolar hypoventilation syndromes.
Indicators of hypoventilation include hypoxia, as noted on the pulse oximeter, and hypercapnia, as detected by assessment of end-tidal or transcutaneous monitoring of carbon dioxide, if available. Mechanisms responsible
for oxygen desaturation include reductions in tidal volume with a resultant
decrease in minute ventilation, abnormal ventilation–perfusion relationships, and diminished ventilatory chemosensitivity and respiratory load
responsiveness.
Obesity hypoventilation syndrome is often, but not always, associated
with snoring, obstructive sleep apnea, and nocturnal hypoventilation. Other
disorders that can cause alveolar hypoventilation include amyotrophic lateral sclerosis, spinal cord injury, and strokes involving the brain stem.
In congenital central alveolar hypoventilation syndrome, failure of automatic control of breathing and markedly diminished responsiveness of central
and peripheral chemoreceptors to oxygen and carbon dioxide are ﬁrst apparent during infancy; patients may present with respiratory failure, cyanosis,
apparent life-threatening events (ALTEs), or cor pulmonale. Hypoventilation
is worse during sleep than wakefulness and is more severe during NREM
than REM sleep. Other common features of this disorder include autonomic
dysfunction, gastrointestinal dysmotility disorders, including Hirschsprung’s
disease, and neural crest tumors. Many cases involve de novo mutations of the
PHOX2B gene.
High Altitude
Episodes of central apneas and hyperpneas can develop during ascent to high
altitude, particularly at elevations above 2,500 meters.8 The prevalence of
high-altitude periodic breathing increases in male subjects with increased
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hypoxic ventilatory drive when ascending quickly (24 hours or less) to higher
elevations. Hypoxemia is generally more pronounced in those with an underlying cardiovascular or respiratory disorder, particularly if hypoxemia is
already present during the awake state at lower elevations. Both periodic
breathing and oxygen desaturation occur primarily during NREM sleep, as
respirations tend to become more regular during REM sleep.
Chronic Obstructive Pulmonary Disease
Chronic obstructive pulmonary disease is characterized by progressive airﬂow limitation that is not fully reversible, and consists of emphysema and
chronic bronchitis. Nocturnal hypoxemia and hypercapnia can develop in
advanced disease, or acutely during disease exacerbations. The likelihood of
nocturnal hypoxemia is increased in persons with an FEV1/FVC of less than
60%, reduced awake oxygen saturation, and comorbid obstructive sleep
apnea (overlap syndrome). In the overlap syndrome there is a pre-existing
abnormality in gas exchange that is exacerbated during sleep. Mechanisms
responsible for sleep-related oxygen desaturation in chronic obstructive pulmonary disease include hypoventilation, ventilation–perfusion mismatching,
and decrease in lung volumes.
Nocturnal Asthma
Asthma can present at night with episodic dyspnea, wheezing, or coughing.
Both evening peak expiratory ﬂow rate and FEV1 tend to be lower compared
to daytime values, with peak bronchospasticity tending to occur around
4 a.m.9 Nocturnal hypoxemia can develop during acute exacerbations. In
addition, the majority of asthmatic patients experience nocturnal symptoms
that may manifest as dyspnea and bronchospasm during the study.10
Furthermore, reﬂux may be worse during apneic episodes as a result of the
increased thoracic pressure generated by increasing respiratory efforts against
a closed glottis. Gastroesophageal reﬂux, in turn, may contribute to worsening asthma symptoms. Patients who awaken with acute worsening of dyspnea should receive their bronchodilators, if available, especially if severe
wheezing and dyspnea are present.
Congestive Heart Failure
Obstructive and central sleep apnea, Cheyne-Stokes respiration, and pulmonary edema complicate the clinical course of congestive heart failure, all of
which can give rise to sleep-related oxygen desaturation. The prevalence and
severity of respiratory events are correlated with left ventricular function.
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Diaphragm Paralysis
Individuals with diaphragm paralysis may develop obstructive or central
apneic events during sleep. Because the diaphragm assumes a greater role in
respiration during REM sleep due to atonia of the accessory muscles, nocturnal hypoxemia can become particularly severe during this sleep stage.
Restrictive Lung Disease
Diminished lung volumes secondary to disorders involving the lung parenchyma, as in the various forms of interstitial lung disease, pleural or chest
wall disorders (e.g., kyphoscoliosis), and morbid obesity, can give rise to transient or sustained sleep-related oxygen desaturation as well as obstructive
and central sleep apnea. Lung function may deteriorate acutely during continuous positive airway pressure therapy in persons with kyphoscoliosis.
Hypoxemia related to restrictive lung diseases is worse during REM sleep
compared to NREM sleep.
Neuromuscular Diseases
Not only are neuromuscular disorders, such as Duchenne muscular dystrophy, myasthenia gravis, post-polio syndrome, and myotonic dystrophy, associated with an increased risk of obstructive sleep apnea, the likelihood of
nocturnal hypoventilation is also greater, with oxygen desaturation being
most pronounced during REM sleep. Vocal cord abductor paralysis in multiple system atrophy may present with nocturnal stridor, oxygen desaturation,
and sudden death during sleep.
Respiratory Distress During Polysomnography
The differential diagnosis of acute respiratory distress during polysomnography includes nocturnal bronchospasm due to asthma or chronic obstructive
pulmonary disease, exacerbation of cystic ﬁbrosis, congestive heart failure
with paroxysmal nocturnal dyspnea, gastroesophageal reﬂux and pulmonary
aspiration, ischemic cardiac event, pulmonary thromboembolism, sleeprelated abnormal swallowing syndrome, sleep-related choking syndrome,
and sleep-related laryngospasm.
In sleep-related abnormal swallowing syndrome, arousals from sleep are
accompanied by coughing and choking related to pooling of saliva in the oral
cavity during sleep. Abnormal swallowing mechanisms and, possibly, excessive production of saliva produce a gurgling sound that can be heard preceding each coughing spell. This appears to be a rare condition, and its clinical
course is not well deﬁned.
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Patients with the sleep-related choking syndrome present with abrupt
awakenings, a choking sensation or inability to breathe, fear, and anxiety.
There is no stridor. It is most often encountered during early to middle adulthood and tends to affect women more often than men. Finally, sleep-related
laryngospasm is characterized by total or near-total cessation of airﬂow while
asleep, preceding a sudden awakening that is accompanied by an acute onset
of dyspnea and inspiratory stridor. Temporary hoarseness can develop, as
may cyanosis. Episodes generally last from a few seconds to several minutes.
Sleep-related laryngospasm is believed to be due to either vocal cord spasm
or tracheal swelling. This condition is more commonly seen in middle-aged
adults and is more prevalent among women compared to men.

Therapy of Nocturnal Hypoxemia
Hypoxemia is a common occurrence in the sleep laboratory since many
patients presenting for polysomnography have a high pretest probability of
having sleep-disordered breathing and resulting hypoxemic states. In addition, the patient being evaluated for sleep-disordered breathing tends to have
more pre-existing comorbidities. This poses a considerable dilemma for the
sleep physician and technologist because prematurely terminating a study is
costly and deprives the patient of a timely diagnosis and potential therapy.
On the other hand, serious respiratory conditions often ﬁrst manifest with
tachypnea and hypoxemia, and failure to recognize and respond to severe
oxygen desaturation in a timely manner may place the patient in signiﬁcant
danger.
Patients with underlying respiratory disease experience worsened gas
exchange during sleep, particularly during REM sleep when muscle atonia is
greatest; this may be reﬂected in desaturations detected on pulse oximetry.
Furthermore, the recumbent position also exacerbates gas exchange due to
such factors as abdominal weight, which increases the work required for ventilation and associated reduction of functional residual capacity. The risks
associated with hypoxemia are greater in this group of patients, in whom
progression to respiratory or cardiac arrest may occur. Data suggest that cardiac irritability can result, with an increased propensity for ventricular ectopy
occurring at oxygen saturations less than 60% to 80%.11,12

Management of Respiratory Emergencies in the Sleep Laboratory
The published medical literature provides few recommendations regarding the
management of respiratory emergencies occurring in the sleep laboratory. Acute
severe respiratory events are most likely infrequent, with an overall reported
rate of adverse outcomes during attended polysomnography of only 0.35%.1
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Nevertheless, every sleep laboratory should have written protocols for managing acute respiratory failure and other urgent respiratory events, and sleep physicians, technologists, and other ancillary staff should carefully review the
written policies and procedures of the laboratory, including emergency protocols. They should receive appropriate training on how to manage medical emergencies. Speciﬁc policies regarding the level of emergency response training
required of sleep technologists should be set by the medical director of the sleep
center. It is highly recommended that all sleep laboratory personnel be trained
in the implementation of airway management protocols speciﬁed by the
American Heart Association’s Basic Life Support (BLS).13 Sleep center accreditation by the American Academy of Sleep Medicine requires that all sleep technologists hold, at a minimum, valid certiﬁcation in cardiopulmonary
resuscitation (CPR), including appropriate skills training.14 Ideally, an Advanced
Cardiac Life Support (ACLS)-certiﬁed provider should be available on site
should a patient require more aggressive resuscitation.
Finally, proper equipment, including supplemental oxygen delivery
devices, should be readily available in all sleep testing facilities. The need for
other supplies and medications, such as oral airway devices, and short-acting
bronchodilators, such as albuterol, will vary from institution to institution
and should be determined in light of the sleep center’s proximity to major
medical centers.
Assessing the Patient
The basic management strategy of all respiratory emergencies occurring in
the sleep center should involve three essential elements: timely recognition
of the problem, appropriate patient stabilization, and expedient and safe
transport of the patient to a higher level of care if necessary.
When an episode of oxygen desaturation is ﬁrst noted, there are two questions to answer: whether the pulse oximetry reading is accurate and reliable,
and whether a spurious reading is possible. The latter can often be surmised
by recognizing the context in which the hypoxemic event occurs. Several factors should be reviewed, including the patient’s past medical history and current health status, the altitude at which the study is being conducted, and
general trends in oximetry and heart rate readings that have occurred during
the study. A rapid physical examination is essential, with particular emphasis
on the airway, cardiorespiratory system, hemodynamic parameters, and
mental status.
General Measures
Managing a potential respiratory emergency as a result of sleep apnea requires
several steps, which must be performed quickly. These include patient assessment to determine stability and initiation of CPR, if necessary. If patients
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are stable but have signiﬁcant oxygen desaturation, treating hypoxemia
with supplemental oxygen or initiating positive-pressure therapy may be
appropriate.
Once signiﬁcant sleep-related oxygen desaturation is conﬁrmed, the most
important measure is ensuring the safety of the patient. Decisions on whether
to terminate the testing or to activate the emergency response system should
be made quickly. The on-call physician should also be notiﬁed, but care should
not be delayed while attempting to contact this person.
If a patient undergoing polysomnography develops signiﬁcant oxygen
desaturation and devices to correct it, such as an oxygen cannula or positiveairway-pressure devices are not immediately available or effective, it may be
necessary to wake the patient. This is likely to rapidly reverse hypoxemia that
results primarily from sleep-disordered breathing. Patients with severe
oxygen desaturation and signiﬁcant respiratory distress should immediately
be evaluated for a life-threatening condition and, if necessary, appropriately
stabilized and transported to a higher level of care.
Therapy of Comorbid Disorders
Oxygen desaturation secondary to acute exacerbations of nocturnal asthma
or chronic obstructive pulmonary disease may respond to bronchodilator
therapy using short-acting beta-agonists such as albuterol. Respiratory
depression due to administration of benzodiazepines or opioid narcotics may,
in severe cases, require reversal with appropriate agents, but this should be
performed only by appropriately guided and qualiﬁed personnel. Persons
with acute pulmonary edema secondary to congestive heart failure should be
assisted and positioned in an upright posture with their legs dangling over
the edge of the bed. These patients may likely need transport to another facility for more acute care, depending on the severity of their nocturnal dyspnea
and desaturation.
Treatment should be started as soon as possible if there is evidence of cardiac irritability associated with apneic events; this may manifest as sinus
pauses greater than 2 seconds, multiple premature ventricular contractions in
couplets, or overt ventricular tachycardia. The goal in these cases is vigilant
monitoring and timely intervention so as to avoid both short- and long-term
complications.
Oxygen Therapy
Although oxygen therapy is not indicated as sole therapy for obstructive
sleep apnea, it may be required as a temporary measure to correct hypoxemia
either during the baseline portion of diagnostic or split-night polysomnography
or early during positive-airway-pressure titration, when lower pressures remain
insufﬁcient to reverse upper airway obstruction. Oxygen supplementation may
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also be indicated for persons with signiﬁcant nocturnal hypoxemia due to
hypoventilation and obstructive sleep apnea that is not controlled adequately
by positive-airway-pressure therapy alone.
In persons with severe oxygen desaturation, it might be more prudent to
provide the highest possible level of oxygen supplementation to rapidly
achieve an acceptable oxygen saturation and subsequently titrate oxygen
levels downward rather than a slow stepwise increase in oxygen titration.
Close monitoring is essential: although oxygen supplementation may beneﬁt
some persons with obstructive sleep apnea and non-hypercapnic central sleep
apnea, it may result in worsening hypercapnia in persons with certain forms
of central sleep apnea and chronic obstructive pulmonary disease.
Positive Airway Pressure and Noninvasive Ventilation Therapies
This form of therapy is the treatment of choice for most persons with obstructive sleep apnea. These devices function as pneumatic splints that maintain
upper airway patency by increasing intraluminal pressure above the PCRIT .
There are several positive airway pressure (PAP) modalities that can be
selected to reverse upper airway obstruction and correct any associated
oxygen desaturation. Continuous positive airway pressure (CPAP) provides
a single constant pressure throughout the respiratory cycle and is sufﬁcient
for most patients with obstructive sleep apnea, in whom it effectively decreases
the AHI and improves oxygen saturation.
Bi-level positive airway pressure (BPAP) devices provide two pressure
levels during the respiratory cycle: a higher level during inspiration (inspiratory positive airway pressure [IPAP]) and a lower pressure during expiration
(expiratory positive airway pressure [EPAP]). Bi-level devices may be considered for patients who remain hypoxemic despite CPAP therapy or for those
with concurrent hypoventilation syndromes, or obstructive or restrictive lung
disease. Bi-level devices may also be required with the addition of a backup
rate to assist with ventilation. More complex devices that employ the basic
mechanics of bi-level ventilation with the addition of proprietary mechanical
algorithms (such as adaptive servo ventilation [ASV]) that regulate and
change the inspiratory pressures from breath to breath may also be used to
treat patients with Cheyne-Stokes and complex sleep apnea.

Summary
Patients undergoing evaluation in the sleep laboratory present in various
states of health and will require varying degrees of attention and focus.
Knowledge of the presence of comorbid illness and current health status will
enable sleep physicians and technologists to better anticipate problems likely to
arise during the sleep study. Many patients presenting for polysomnography
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already have a high pretest probability for sleep-disordered breathing and
consequent hypoxemia. It is the sleep technologist and physician’s job to
discriminate between acceptable levels of hypoxemia that are part of the
routine diagnosis and treatment process, and life-threatening levels of desaturation that require immediate intervention and termination of the study.
Evaluation of signiﬁcant desaturations in the sleep laboratory requires at
least a basic awareness and understanding of the differential diagnosis of
hypoxemia. Management of all respiratory emergencies includes timely
recognition of severe hypoxemia, appropriate patient stabilization, and expedient patient transport to a higher level of care, if necessary.

References
1. Reena M, Kingman P, Strohl P. Incidence of serious adverse events during nocturnal
polysomnography. Sleep. 2004;27(7):1379–1383.
2. American Academy of Sleep Medicine. The AASM Manual for the Scoring of Sleep
and Associated Events. Respiratory Rules for Adults. 2007:44–49.
3. Young T, Palta M, Dempsey J, et al. The occurrence of sleep disordered breathing
among middle-aged adults. N Engl J Med. 1993;328(17):1230–1235.
4. Douglas N. Control of ventilation during sleep. Clin Chest Med. 1985;6:563–575.
5. Skatrud JB, Dempsey JA, Badr S, et al. Effect of airway impedence on CO2 retention and
respiratory muscle activity during NREM sleep. J Appl Physiol. 1988;65:1676–1685.
6. American Academy of Sleep Medicine. The International Classiﬁcation of Sleep
Disorders: Diagnostic and Coding Manual, 2nd ed. Westchester, IL: American Academy
of Sleep Medicine. 2005:165–167.
7. Trinder J, Merson R, Rosenberg JI, et al. Pathophysiological interactions of ventilation,
arousals, and blood pressure oscillations during Cheyne-Stokes respiration in patients
with heart failure. Am J Respir Crit Care Med. 2000;162:808–813.
8. Hackett PH, Rennie D, Rales D. Peripheral edema, retinal hemorrhage, and acute
mountain sickness. Am J Med. 1979;67:214.
9. Casey KR, Ortiz-Cantillo K, Brown LK. Sleep related hypoventilation/hypoxemic
syndromes. Chest. 2007;131:1936–1948.
10. Turner-Warwick M. Epidemiology of nocturnal asthma. Am J Med. 1988;85(suppl 1B):6–8.
11. Shepard JW Jr., Garrison MW, Grither DA, et al. Relationship of ventricular ectopy
to nocturnal oxygen desaturation in patients with chronic obstructive pulmonary
disease. Am J Med. 1985;78(1):28–34.
12. Shepard JW Jr., Garrison MW, Grither DA, et al. Relationship of ventricular
ectopy to oxyhemoglobin desaturation in patients with obstructive sleep apnea. Chest.
1985;88(3):335–340.
13. Part 4: Adult Basic Life Support. Circ 2005; 112 (24 suppl): IV-19 – IV 34.
14. Standards for Accreditation of Sleep Disorders Centers. Retrieved April 5, 2010, from
American Academy of Sleep Medicine. website: http://www.aasmnet.org/Resources/
PDF/Dec2008CenterStandards.pdf

2
Acute and Emergent Cardiac
Events in Obstructive Sleep Apnea
Fatima H. Sert Kuniyoshi, PhD, Mark R. Zellmer, MA, PA-C,
Taro Adachi, MD, PhD, and Virend K. Somers, MD, PhD

Introduction
Obstructive sleep apnea (OSA) is prevalent in up to 9% of women and 24% of
men.1 OSA is characterized by recurrent nocturnal apneas that elicit acute
hemodynamic and neurohormonal abnormalities during sleep, and it is associated with an increased risk for cardiovascular morbidity and mortality.2 The
majority of OSA patients are undiagnosed and thus untreated, and two population-based studies3,4 suggest that no more than 18% of prevalent OSA is
clinically recognized.
This chapter reviews the cardiovascular physiology of OSA in contrast
with normal sleep and summarizes the evidence of the association between
OSA and acute cardiac events, including cardiac arrhythmias, myocardial
infarction, and sudden cardiac death.

Physiology and Cardiovascular Control During Normal Sleep
Sleep is a dynamic process involving numerous areas of the brain stem and
cortex and evokes widespread physiological changes, many of which affect
cardiovascular regulation and function.
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Respiratory System
During synchronized non-rapid eye movement (NREM) sleep, breathing patterns are regular. Respiration is predominantly under metabolic control
during deeper stages of NREM,5 and minute ventilation is slightly reduced
due to the absence of the non-metabolic drive that is present during wakefulness. Hypoxic and hypercapnic ventilatory response is decreased during
NREM sleep. Skeletal muscle tone, including the upper airway dilator muscles, is also reduced during sleep; consequently, mild increases in airﬂow
resistance are observed.6,7
By contrast, in rapid eye movement (REM) sleep, breathing patterns are
quite irregular, due in part to a further increase in airway resistance, particularly in phasic REM. Hypoxic ventilatory drive declines further, and hypercapnic ventilatory response is virtually absent during REM sleep. Due to
these physiological changes, a slight decrease in PaO2 and increase in PaCO2
is observed during sleep; however, oxygen saturation, as determined by pulse
oximetry, is stable.6,8
Autonomic Control and the Cardiovascular System
During NREM sleep, sympathetic activity gradually decreases, while
parasympathetic tone predominates, with resulting decreases in heart rate,
cardiac output, systemic vascular resistance, and blood pressure.9 This relative vagotonia also produces benign nocturnal arrhythmias and conduction
disturbances during sleep.10 The synchronous reduction in heart rate, blood
pressure, and sympathetic nerve trafﬁc during NREM sleep is suggestive of a
resetting of the arterial baroreﬂex driven by the central nervous system.11
By contrast, during REM sleep heart rate is unstable, with abrupt and
marked ﬂuctuations in the RR interval. Sympathetic activation occurs, with
associated surges in heart rate and blood pressure to levels similar to wakefulness.9
Overall, during sleep, the majority of normotensive subjects have an average decline of 10% to 20% in blood pressure from daytime levels.12 However,
this phenomenon was less evident under conditions that combined strict bed
rest with total sleep deprivation.13
Coagulability and vascular endothelial function are also inﬂuenced by
sleep. Tissue-type plasminogen activator (tPA) and its fast-acting inhibitor,
plasminogen activator inhibitor-1 (PAI-1), show a marked diurnal variation
in plasma. During sleep there is an increase in PAI-1 and a decrease in tPA,14
with the lowest ﬁbrinolytic activity evident in the morning.15,16 Platelet aggregation is affected during sleep, and this continues until an upright posture is
resumed in the morning.17 Heightened coagulability and endothelial dysfunction18 in the early morning hours may provide a potential explanation for the
early morning peak in the incidence of cardiovascular events observed in the
general population.19–22
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Respiratory and Cardiovascular Responses During Sleep in
Patients with Obstructive Sleep Apnea
The presence of OSA changes cardiovascular physiology and regulation
during sleep. OSA patients may have a smaller, more collapsible pharynx
that requires relatively high pharyngeal dilator muscle activity to maintain a
patent airway. Due to the reduction in the upper airway dilator muscle activity
during sleep, these patients experience recurrent complete or partial occlusions
of the upper airway, resulting in apneas and hypopneas, despite increased
inspiratory effort.23,24
During apneas, there can be signiﬁcant decreases in arterial PO2, and signiﬁcant increases in arterial PCO2, which stimulate the arterial chemoreceptors. Increased arterial chemoreceptor activity results in heightened respiratory
drive and inspiratory muscle activity, which exacerbate obstruction of the
upper airway.24 On the other hand, chemoreceptor and possibly mechanoreceptor stimulation in the upper airway lead to arousal from sleep, activating
pharyngeal dilator muscles, which results in a nearly immediate decrease in
upper airway resistance and restoration of airﬂow.25 The increased respiratory drive that occurs during the apneic period may result in a brief period of
hyperventilation after airway patency is restored.26
Hypoxemia in the absence of lung inﬂation activates the diving reﬂex. This
reﬂex produces bradycardia and peripheral vasoconstriction in order to preserve blood ﬂow to the brain and heart vessels, limiting cardiac oxygen
demand.27 However, at the end of apnea, when breathing resumes, lung
expansion stimulates pulmonary stretch receptors, which inhibit vagal outﬂow, followed by sympathetic activation with consequent tachycardia, and
surges in blood pressure (Fig. 2–1).28,29 In summary, in a pattern that recurs
cyclically during sleep, the heart rate in OSA patients may decrease at the end
of apneas and then increases abruptly immediately post-apnea.30
There is some evidence that coagulability may be increased during sleep in
OSA patients. Platelet activation is higher during sleep in OSA patients than
in the control group.31 The ﬁbrinolytic system may also be impaired in OSA
patients. Recent data suggest that OSA patients have higher levels of PAI-1
than individuals without OSA; PAI-1 levels were even higher in hypertensive
OSA patients.32 However, there are no data comparing the day–night variation of prothrombotic factors in OSA versus non-OSA subjects.

Obstructive Sleep Apnea and Acute Cardiac Events:
Potential Mechanisms
Epidemiological studies in the general population have shown that cardiovascular events are more likely to occur in the morning hours after 6 a.m.19–22
Sympathetic activation is one of the mechanisms proposed to explain this pattern.
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FIGURE 2–1. Recordings of sympathetic activity, respiration, and intra-arterial blood pressure
in a patient with sleep apnea on no medications and free of other diseases. Measurements were
obtained during wakefulness (top left), during obstructive sleep apnea (OSA) in rapid eye
movement (REM) sleep (bottom), and during REM sleep after treatment of OSA with continuous positive airway pressure (CPAP) (top right). During wakefulness, sympathetic activity was
high and blood pressure was approximately 130/60 mmHg. During REM sleep, repetitive
apnea resulted in hypoxia and chemoreﬂex stimulation with consequent sympathetic activation. The vasoconstriction resulting from sympathetic activation causes marked surges in
blood pressure to levels as high as 250/110 mmHg at the end of apnea, because of increases in
cardiac output at termination of apnea. Treatment of sleep apnea and elimination of apneic
episodes by CPAP resulted in stabilization and lower levels of both blood pressure and sympathetic activity during REM sleep. (Reprinted with permission from Somers VK, Dyken ME,
Clary MP, Abboud FM. Sympathetic neural mechanisms in obstructive sleep apnea. J Clin
Invest. 1995;96(4):1897–1904.)

Indeed, this hypothesis is supported by the observation of a reduced morning
peak in events in patients receiving beta-adrenergic blockade.33 However,
there are still a signiﬁcant number of events during the nighttime, with 12%
to 15% of all cardiac events and almost 36,000 deaths occurring annually
occurring during sleep.19,20 It has been suggested that OSA might play a role
in cardiac events occurring at night.21,22
OSA elicits hypoxemia followed by sympathetic activation, and a resulting
blood pressure and heart rate surge. The tachycardia and an increase in afterload
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lead to increased myocardial oxygen demand during hypoxemia and provide a
mechanism for increased risk for myocardial ischemia during sleep. The severity of hypoxemia may play a role in nocturnal ventricular arrhythmias.34 Indeed,
epidemiological data from the Sleep Heart Health Study conﬁrm a higher prevalence of ventricular arrhythmias in patients with more severe OSA.35
Activation of the diving reﬂex during apneic events in OSA patients can
potentially induce severe bradyarrhythmias, including sinus arrest and AV
block. These occur most frequently during REM sleep36 and can be prevented
with OSA treatment.37

Associations Between Obstructive Sleep Apnea and
Myocardial Ischemia
An association between snoring and ischemic heart disease was ﬁrst identiﬁed more than 20 years ago.38–40 Some hypothesized that the pathological
basis for this association was the presence of OSA.40 An early demonstration
of that association based on polysomnographically proven OSA was an
Australian case–control study that found an odds ratio of 23.3 for myocardial
infarction (MI) in the upper quartile of OSA severity compared to the lowest
quartile after adjustment for known coronary disease risk factors, including
body mass index (BMI), hypertension, smoking, and cholesterol.41 A similar
association was identiﬁed in a subsequent case–control study involving a
broader age range that included subjects as old as 88 years.42
In the 1990s there were also several reports43–45 of ST-segment abnormalities indicating coronary ischemia in association with apneic episodes in subjects with OSA. In a more recent novel approach to the relationship of OSA to
MI, it was shown that patients having an MI who were subsequently found
to have OSA were more likely to have had onset of their chest pain from midnight to 6 a.m., compared to those without OSA (Fig. 2–2).22 Together, these
ﬁndings suggest that the effects of OSA during sleep may precipitate myocardial ischemia and infarction.
The largest study of the association between OSA and prevalent cardiovascular disease (CVD) involved 6,400 patients46 and was based on the Sleep
Heart Health Study, which used unattended polysomnography to identify
OSA.47 The study46 used any patient self-report of angina, heart attack, heart
failure, stroke, or revascularization by coronary bypass grafting or angioplasty
as a marker for prevalent CVD. Analysis demonstrated an association of CVD
with OSA, with comparison of the highest and lowest quartiles of the apnea–
hypopnea index (AHI) producing an odds ratio of 1.42 (95% CI 1.13–1.78)
after adjustment for multiple CVD risk factors. Using coronary heart disease
alone as the endpoint, the adjusted odds ratio for these risk factors was
reduced to 1.27, with statistically signiﬁcant linear trends across the AHI
quartiles.
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FIGURE 2–2. Day–night pattern of myocardial infarction based on four 6-hour time intervals in
patients with (n = 64) or without (n = 28) obstructive sleep apnea. (Reprinted with permission
from Kuniyoshi FH, Garcia-Touchard A, Gami AS, Romero-Corral A, van der Walt C,
Pusalavidyasagar S, Kara T, Caples SM, Pressman GS, Vasquez EC, Lopez-Jimenez F, Somers VK.
Day–night variation of acute myocardial infarction in obstructive sleep apnea. J Am Coll Cardiol.
2008;52(5):343–346.)

Several studies evaluated the association of OSA with MI in populations
with known coronary artery disease (CAD). In a prospective cohort study of
subjects with angiographically demonstrated CAD, sleep-disordered breathing, deﬁned as an oxygen desaturation index of 5 or more, was associated
with a composite endpoint including death, cerebrovascular event, and MI
with a hazard ratio of 1.59 (95% CI 1.00–2.51) after adjustment for age, sex,
BMI, hypertension, diabetes, left ventricular dysfunction, and coronary intervention, at an average 5.1 years of follow-up.48 Interestingly, in univariate
analysis sleep-disordered breathing did not statistically predict MI as a single
endpoint, although a combined 77.5% of subjects in both the sleep-disordered
breathing and non–sleep-disordered breathing groups had a coronary intervention during follow-up, possibly reducing the prevalence of MI during
follow-up in both groups. Thus, here sleep-disordered breathing was associated with increased risk for a composite cardiovascular endpoint, but not
speciﬁcally MI after risk factor adjustment.
Milleron et al49 in 2004 studied a cohort of patients with angiographically
proven coronary artery stenosis who were subsequently found to have OSA
by polysomnography and offered treatment. In a comparison of those treated
with those declining OSA treatment, only treatment predicted subsequent composite cardiovascular event-free survival. After adjustment for the risk factors
that differed between the cohorts, including hypertension, hypercholesterolemia, age, and AHI, a hazard ratio of 0.24 (95% CI 0.09–0.62) suggested substantial beneﬁt from OSA treatment in preventing subsequent cardiovascular
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events, including MI. A similar study of subjects with OSA, including those
with and without prior CVD,50 found an increased risk of cardiovascular
events, including death, among those with untreated OSA after adjustment
for diabetes and prior CVD, with an average 7.5 years of follow-up.
Recently, two studies evaluated the association of OSA with outcomes in
subjects with CAD following percutaneous coronary intervention (PCI).51,52 In
the Japanese study,51 89 PCI patients underwent an unattended sleep study
within 2 weeks of their PCI. With OSA deﬁned as an AHI of 10 events per hour
or greater, OSA was an independent predictor of major adverse cardiac events,
including cardiac death, MI, or target vessel revascularization, with a hazard
ratio of 11.6 after adjustment for conventional coronary disease risk factors.
The second of these studies52 evaluated 371 subjects with known OSA
based on laboratory polysomnography who subsequently underwent PCI.
This study considered the impact of OSA treatment on post-PCI outcomes,
including cardiac death, all-cause mortality, and a composite endpoint that
included severe angina, MI, PCI, coronary artery bypass grafting, or death.
After 5 years of follow-up, OSA treatment provided a signiﬁcant reduction in
cardiac death (3% vs. 10%, p = 0.027) and a trend toward reduced all-cause
mortality (11% vs. 17%, p = 0.058) but no difference in the composite endpoint. The authors suggested that aggressive treatment and risk factor modiﬁcation in both groups may have attenuated the impact of OSA treatment.
In a study comparing cohorts of men with OSA, both treated and untreated,
with simple snoring, and an age- and BMI-matched healthy control group,
associations with fatal and nonfatal cardiovascular events after 10 years of
follow-up were analyzed.53 After adjustment for multiple CVD risk factors,
the severe untreated OSA patients had an increased risk of cardiovascular
death with an odds ratio of 2.87 (95% CI 1.17–7.51), and nonfatal cardiovascular events with an odds ratio of 3.17 (95% CI 1.12–7.52), compared to the
healthy controls. The remaining groups, including those with treated severe
OSA, those with untreated mild OSA, and simple snorers, had risks that did
not differ statistically from the healthy controls.
Three studies examined the association of OSA with incident CVD.54–56
Two studies were based on longitudinal follow-up of subjects undergoing
sleep studies using a limited polysomnographic montage at a Swedish sleep
laboratory in 1991.55,56 In these studies, after 7 years of follow-up, OSA was
found to be associated with incident CVD with an odds ratio of 6.7 (95% CI
1.5–28.8) adjusted for age, BMI, and blood pressure.55 For the more speciﬁc
outcome of CAD,56 the odds ratio remained signiﬁcant at 4.6 (95% CI 1.8–11.6).
Both studies also considered the impact of OSA treatment. Subjects meeting
the study’s criteria for efﬁcient treatment had an adjusted odds ratio for CVD
of 0.1 (95% CI 0.0–0.7)55 and for CAD of 0.3 (95% CI 0.1–0.8),56 suggesting a
reduction of risk with OSA treatment.
The third study of incident CVD54 was done in the Caerphilly cohort
with questionnaire-based OSA identiﬁcation, a method that has only limited
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polysomnography-based validation.1 After adjustment for age, social class,
smoking, alcohol consumption, BMI, and neck circumference, this study
showed no signiﬁcant association (odds ratio 1.21, 95% CI 0.84–1.74) of OSA
with incident ischemic events, including nonfatal MI and death attributed to
ischemic heart disease. With the limits of the OSA ascertainment method used
in this study and the lack of a power analysis, the reliability of this absence of
an association between OSA and incident CVD is unclear.
The data described here, taken together, show an association of OSA with
both prevalent and incident CVD even after adjustment for confounding factors. In addition, for patients with established CAD, untreated OSA may be a
risk factor for further cardiac events, including MI, and OSA treatment may
reduce that risk. In these studies, the direct and independent association of OSA
with MI alone has not been as strong as the association with a broader CVD
composite endpoint. This is probably in part related to advances in the early
recognition of myocardial ischemia and its treatment, thus preventing MI.
More than a decade ago, one review57 stated, “Evidence for a causal
association between sleep apnea and other adverse health outcomes is weak”
(p. 857). However, in the decade since, much progress has been made in
describing the association between OSA and CVD. Therefore, the causal association of OSA for MI and more broadly other CVD markers seems more
likely. However, deﬁnitive evidence of OSA as a cause of acute cardiac and
vascular events, and proof that OSA treatment prevents these events, remains
to be obtained; this would require large randomized controlled studies.

Association Between Obstructive Sleep Apnea and Sudden Death
Evidence for an association between sleep breathing disorders and sudden
death has been recognized for at least 40 years since the report of a series of
ﬁve deaths among 22 patients with hospital admissions for what was then
known as Pickwickian syndrome.58 The investigators reported no sudden
deaths after 1967 when such patients were kept awake and early mechanical
respirator therapy was initiated.
A subsequent study59 of OSA-associated death while sleeping compared
91 patients with polysomnography-proven OSA, some of whom were treated,
with 35 patients referred to a sleep laboratory but found not to have OSA.
With an average follow-up of 34 months, no statistical difference in overall
mortality was noted. None of the OSA patients died in their sleep, while three
of the four deaths among the 35 controls did occur during sleep. However,
both the deaths in those with untreated OSA and three of the seven deaths
among those with treated OSA were attributed to cardiac causes, while none
of the deaths among the controls were thought to be cardiac-related. It is
unclear which deaths in either group would ﬁt the contemporary deﬁnition of
sudden cardiac death, namely “the unexpected natural death from a cardiac
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cause within a short time period, generally less than one hour from the onset
of symptoms, in a person without any prior condition that would appear
fatal.”60 Thus, this reported lack of an association between OSA and sudden
cardiac death may be difﬁcult to interpret in light of these deﬁnitional issues.
In the early 1990s two studies provided additional evidence suggestive of
an association between OSA and sudden cardiac death. A Finnish study of
460 consecutive unexpected deaths in men aged 35 to 76 showed an association between snoring and a cardiovascular cause of death. Among those with
cardiovascular causes, there was an association between snoring and death
during sleep.61 A prospective study of 34 obese men, all with OSA, documented a 4-year 15% risk of sudden cardiac death, 300 times higher than the
national average for a population of this age.62
More recently, three additional studies have provided evidence supporting this association. A study of subjects who had completed polysomnography at one large Minnesota sleep center over a 6-year period identiﬁed 112
subjects with sudden cardiac death by death certiﬁcate report. An AHI of 5 or
more by polysomnography deﬁned OSA. A comparison of the distributions
of time of death grouped into 6-hour intervals for those with and without
OSA showed a peak occurrence of sudden cardiac death between midnight
and 6 a.m. in patients with OSA, while the peak interval for those without
OSA was between 6 a.m. and noon. The risk among those without OSA in this
study was consistent with the time of highest risk for the general population
(Fig. 2–3).21,63
The MADIT II trial64 evaluated implantable cardioverter–deﬁbrillators
(ICDs) as primary prevention for life-threatening ventricular arrhythmias
and sudden cardiac death and provided a novel opportunity for assessing the
relationship of these arrhythmias with obesity.65 That analysis showed that
after adjustment for age, heart failure functional class, and renal function,
there was a statistically signiﬁcant increased risk of ventricular ﬁbrillation,
ventricular tachycardia, or sudden cardiac death in those with obesity (deﬁned
as a BMI of 30 or more). Among the potential explanations for this obesityassociated risk is the high prevalence of OSA in obese patients,66 which is
further supported by a trend toward more nighttime ICD therapies among
the obese in this study population.65
The largest population-based study of arrhythmias and sleep-disordered
breathing, which was based on the Sleep Heart Health Study,47 found an association of sleep-disordered breathing, primarily OSA, with nonsustained
ventricular tachycardia and complex ventricular ectopy, even after adjusting
for age, gender, obesity, and CAD.35 Although a speciﬁc sudden cardiac death
endpoint was not assessed, this OSA-associated risk of ventricular arrhythmias is further suggestive of an association between OSA and sudden cardiac
death.
Finally, a European study analyzed Holter monitor QT parameters in subjects with OSA before and after continuous positive airway pressure (CPAP)
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FIGURE 2–3. Day–night pattern of sudden death from cardiac causes in 78 persons with and
34 persons without OSA and in the general population. Data for the general population were
derived from Cohen et al.63 (Reprinted with permission from Gami AS, Howard DE, Olson EJ,
Somers VK. Day–night pattern of sudden death in obstructive sleep apnea. N Engl J Med.
2005;352(12):1206–1214.)

treatment in comparison to healthy age-matched controls without evidence
of OSA or cardiac disease.67 The study found that CPAP treatment of OSA
attenuated the rate dependence of the QT and RT intervals as measured by
QT/RR slope or RT/RR slope, which were both signiﬁcantly higher than controls prior to CPAP treatment. Increased QT rate dependence has been proposed as a marker of vulnerability to ventricular tachycardia in post-MI
patients,68 and as an explanation for the increased risk of sudden cardiac
death among diabetics.69 Thus there is evidence that CPAP treatment in OSA
alters electrophysiologic parameters in a manner that has the potential to
reduce the risk of ventricular arrhythmias and sudden cardiac death.
Thus, although none of these studies provided direct evidence of an independent association of OSA with sudden cardiac death, especially with a nocturnal predominance, that association is certainly suggested and biologically
plausible based on the evidence described above.

Associations Between Obstructive Sleep Apnea and Arrhythmias
A strikingly increased prevalence of rhythm disturbances, including potentially life-threatening brady- and tachy-arrhythmias, among patients with
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OSA was ﬁrst reported more than 30 years ago, and many of those arrhythmias were abolished by OSA treatment with tracheostomy.70 More recently
the Sleep Heart Health Study showed that patients with severe sleepdisordered breathing had two- to four-fold higher odds of atrial ﬁbrillation (AF)
and ventricular arrhythmias than those without sleep-disordered breathing,
even after adjustment for confounders.35
Bradyarrhythmias and Tachyarrhythmias
Roche et al67 reported an association between OSA and bradyarrhythmia, but
other studies failed to show this association.35,71 Prolonged apnea and hypoxemia in OSA produce vagal activation, which often will elicit bradyarrhythmias such as sinus bradycardia, sinus arrest, and ﬁrst-, second-, or third-degree
AV block, especially during REM sleep.36,72 Electrophysiological characteristics of the sinus node and atrial conduction system in OSA subjects with nocturnal bradyarrhythmias were nearly normal while awake, and CPAP therapy
has been shown to abolish the majority of bradyarrhythmias in OSA patients.73–75
These ﬁndings implicate parasympathetic stimulation in the pathogenesis of
the bradyarrhythmias.70,75–77 Multiple studies have shown successful reduction of these bradyarrhythmias with CPAP treatment.37,76,78–80 Moreover,
Simantirakis et al,81 using an implantable loop recording device, reported a
reduction in the percentage of patients with pauses and bradyarrhythmias
after CPAP treatment with at least 16 months of follow up. Thus, CPAP treatment should be considered before implanting a pacemaker in selected OSA
patients with bradyarrhythmias.5,66,80
Two studies have suggested that there is no signiﬁcant difference in the
frequency of ventricular arrhythmias between patients with and without OSA
with normal left ventricular function.71,82 Subsequently, data from the Sleep
Heart Health Study showed that ventricular arrhythmias were more prevalent
in OSA patients, even after adjusting for age, sex, BMI, and CAD. Individuals
with sleep-disordered breathing had three times the odds of nonsustained
ventricular tachycardia and almost two times the odds of complex ventricular
ectopy compared to those without sleep disorders of breathing.35 With the lack
of a power analysis and a smaller sample size in two of the studies71,82, the reliability of the reported lack of an association is uncertain. In addition different
AHI cutoffs were used to deﬁne the presence of OSA (AHI>1071, >2082, and
>3035 events per hour) in these studies with the study showing the association
having the most conservative deﬁnition and most severe OSA. This may suggest that the severity of OSA plays a role in the development of ventricular
arrhythmias in patients with preserved ventricular function.
Ventricular arrhythmias are more common in patients with reduced
left ventricular function, and may predict an increased risk of sudden cardiac
death.83,84 Ventricular arrhythmias in OSA patients may appear most
often during sleep, with the greatest frequency during apneic periods.34,79,85
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Ryan et al86 examined whether treatment of OSA with CPAP in patients with
heart failure would reduce the frequency of ventricular premature beats
during sleep, and noted a 58% reduction in the frequency of ventricular premature beats during total sleep after 1 month of CPAP treatment.
The mechanisms by which OSA induces ventricular arrhythmias are not
completely understood. However, hypoxemia, arousal, and sympathetic activation induced by apneic events may play an important role.87
Atrial Fibrillation (AF)
An estimated $6.65 billion (2005 dollars) is spent treating AF annually.88 Recent
estimates have shown that AF prevalence has increased in recent decades and
suggest that by 2050 there will be between 7.56 million89 and 15.9 million90
persons with AF in the US. Thus identiﬁcation and subsequent reduction of
AF risk factors could have an important impact.
In 1983 Guilleminault et al72 were among the ﬁrst to indentify atrial ﬁbrillation during sleep in association with OSA and to show a decline in atrial
ﬁbrillation after OSA treatment. More recently Gami et al91 in comparing
patients with AF with other cardiology clinic patients without AF showed an
association between OSA and AF with an odds ratio of 2.19 (95% CI 1.4–3.42)
after adjusting for BMI, neck circumference, hypertension, and diabetes. In an
arrhythmia analysis from the Sleep Heart Health Study comparing those with
sleep disordered breathing (deﬁned as an oxygen desaturation index >30)
with those without sleep disordered breathing, AF was associated with sleep
disordered breathing with an odds ratio of 4.02 (95% CI 1.03–15.74) even after
adjusting for age, gender, BMI and CAD in a population with less CAD and
heart failure35 A study of incident AF following OSA determination by diagnostic polysomnography showed that OSA and obesity predicted AF independent of one another in a multiple regression analysis.92A 2008 case-control
study conﬁrmed the association between AF and SDB with an odds ratio of
3.04 (95% CI 1.24.– 7.46).93
Although multiple studies show evidence of an AF – OSA association, there
is more limited evidence about the effects of OSA treatment in AF. In the early
study treating OSA with tracheostomy no recurrence of AF was noted following treatment.72 The only study of AF using CPAP for OSA, treatment was
associated with a signiﬁcant reduction in recurrent AF following electrical cardioversion, an association which was independent of age, hypertension, and
BMI.94 This raises the possibility that OSA may be causally related to AF; however, further research is required to deﬁnitively demonstrate causality.
Conclusions
OSA is prevalent in up to 9% of women and 24% of men and is associated
with increased morbidity and mortality. However, the majority of people
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with OSA are undiagnosed and hence untreated. OSA cyclically disrupts
autonomic control of the cardiovascular system during sleep by way of the
diving reﬂex during apneas, producing bradycardia, and immediately postapnea by vagal outﬂow inhibition and sympathetic activation, producing
tachycardia and blood pressure surges.
Epidemiological studies of the relationship between OSA and a number of
cardiovascular endpoints, including myocardial ischemia or infarction, prevalent and incident CVD, arrhythmias, and sudden cardiac death, have generally found an association even after adjustment for known cardiovascular
risk factors. There is also observational evidence that OSA treatment may
reduce the OSA-associated risk at least for some of these endpoints. A causal
relationship between OSA and bradyarrhythmias has been found, and multiple studies have shown a reduction of these arrhythmias with CPAP treatment for OSA. There is also evidence of an association between AF and OSA,
with an attenuated risk of AF recurrence with OSA treatment. The association
of OSA with ventricular arrhythmias, though, is more variable and may be
related to OSA severity.
Thus, disruptions of autonomic control may provide potential mechanistic
explanations for the epidemiological association of OSA with CVD and
arrhythmias. However, deﬁnitive proof that a causal relationship exists, and
that OSA treatment reduces these risks, remains to be found.
Acknowledgments
Virend K. Somers is supported by NIH Grants HL65176 and 1 UL1 RR024150.
Fatima H. Sert Kuniyoshi is supported by American Heart Association grant
09-20069G.
References
1. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleepdisordered breathing among middle-aged adults. N Engl J Med. 1993;328(17):
1230–1235.
2. Caples SM, Garcia-Touchard A, Somers VK. Sleep-disordered breathing and cardiovascular risk. Sleep. 2007;30(3):291–303.
3. Kapur V, Blough DK, Sandblom RE, Hert R, de Maine JB, Sullivan SD, Psaty BM. The
medical cost of undiagnosed sleep apnea. Sleep. 1999;22(6):749–755.
4. Young T, Evans L, Finn L, Palta M. Estimation of the clinically diagnosed proportion of
sleep apnea syndrome in middle-aged men and women. Sleep. 1997;20(9):705–706.
5. Chen S, Bradley D. Cardiac Arrhythmias and Congestive Heart Failure. In: Kushida C,
ed. Obstructive Sleep Apnea: Pathophysiology, Comorbidities, and Consequences. New York:
Informa Healthcare; 2007:293–321.
6. Roehrs T. Sleep physiology and pathophysiology. Clin Cornerstone. 2000;2(5):1–15.
7. Phillipson EA. Control of breathing during sleep. Am Rev Respir Dis. 1978;118(5):
909–939.

27

28

Emergent Events Related to Sleep Disorders
8. Thompson SR, Ackermann U, Horner RL. Sleep as a teaching tool for integrating
respiratory physiology and motor control. Adv Physiol Educ. 2001;25(1–4):101–116.
9. Somers VK, Dyken ME, Mark AL, Abboud FM. Sympathetic-nerve activity during
sleep in normal subjects. N Engl J Med. 1993;328(5):303–307.
10. Adlakha A, Shepard JW, Jr. Cardiac arrhythmias during normal sleep and in obstructive sleep apnea syndrome. Sleep Med Rev. 1998;2(1):45–60.
11. Silvani A. Physiological sleep-dependent changes in arterial blood pressure: central
autonomic commands and baroreﬂex control. Clin Exp Pharmacol Physiol. 2008;35(9):
987–994.
12. Staessen JA, Bieniaszewski L, O’Brien E, Gosse P, Hayashi H, Imai Y, Kawasaki T,
Otsuka K, Palatini P, Thijs L, Fagard R. Nocturnal blood pressure fall on ambulatory
monitoring in a large international database. The “Ad Hoc’ Working Group. Hypertension. 1997;29(1 Pt 1):30–39.
13. Kerkhof GA, Van Dongen HP, Bobbert AC. Absence of endogenous circadian rhythmicity in blood pressure? Am J Hypertens. 1998;11(3 Pt 1):373–377.
14. Andreotti F, Davies GJ, Hackett DR, Khan MI, De Bart AC, Aber VR, Maseri A, Kluft
C. Major circadian ﬂuctuations in ﬁbrinolytic factors and possible relevance to time
of onset of myocardial infarction, sudden cardiac death and stroke. Am J Cardiol.
1988;62(9):635–637.
15. Angleton P, Chandler WL, Schmer G. Diurnal variation of tissue-type plasminogen
activator and its rapid inhibitor (PAI-1). Circulation. 1989;79(1):101–106.
16. Bridges AB, McLaren M, Scott NA, Pringle TH, McNeill GP, Belch JJ. Circadian variation of tissue plasminogen activator and its inhibitor, von Willebrand factor antigen,
and prostacyclin stimulating factor in men with ischaemic heart disease. Br Heart J.
1993;69(2):121–124.
17. Wolk R, Gami AS, Garcia-Touchard A, Somers VK. Sleep and cardiovascular disease.
Curr Probl Cardiol. 2005;30(12):625–662.
18. Otto ME, Svatikova A, Barretto RB, Santos S, Hoffmann M, Khandheria B, Somers
V. Early morning attenuation of endothelial function in healthy humans. Circulation.
2004;109(21):2507–2510.
19. Muller JE, Ludmer PL, Willich SN, Toﬂer GH, Aylmer G, Klangos I, Stone PH. Circadian variation in the frequency of sudden cardiac death. Circulation. 1987;75(1):131–138.
20. Muller JE, Stone PH, Turi ZG, Rutherford JD, Czeisler CA, Parker C, Poole WK, Passamani E, Roberts R, Robertson T, et al. Circadian variation in the frequency of onset
of acute myocardial infarction. N Engl J Med. 1985;313(21):1315–1322.
21. Gami AS, Howard DE, Olson EJ, Somers VK. Day-night pattern of sudden death in
obstructive sleep apnea. N Engl J Med. 2005;352(12):1206–1214.
22. Kuniyoshi FH, Garcia-Touchard A, Gami AS, Romero-Corral A, van der Walt C,
Pusalavidyasagar S, Kara T, Caples SM, Pressman GS, Vasquez EC, Lopez-Jimenez F,
Somers VK. Day-night variation of acute myocardial infarction in obstructive sleep
apnea. J Am Coll Cardiol. 2008;52(5):343–346.
23. Fogel RB, Trinder J, White DP, Malhotra A, Raneri J, Schory K, Kleverlaan D, Pierce
RJ. The effect of sleep onset on upper airway muscle activity in patients with sleep
apnoea versus controls. J Physiol. 2005;564(Pt 2):549–562.
24. Younes M. Role of respiratory control mechanisms in the pathogenesis of obstructive
sleep disorders. J Appl Physiol. 2008;105(5):1389–1405.
25. Eckert DJ, Malhotra A. Pathophysiology of adult obstructive sleep apnea. Proc Am
Thorac Soc. 2008;5(2):144–153.
26. Levitzky MG. Using the pathophysiology of obstructive sleep apnea to teach cardiopulmonary integration. Adv Physiol Educ. 2008;32(3):196–202.
27. Rial RV, Barbal F, Canellas F, Gamundi A, Akaarir M, Nicolau MC. Human Sleep
Apneas and Animal Diving Reﬂexes: The Comparative Link Sleep and Breathing.
2000;4(1):1522–1709.

2: Acute and Emergent Cardiac Events in Obstructive Sleep Apnea
28. Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic neural mechanisms in
obstructive sleep apnea. J Clin Invest. 1995;96(4):1897–1904.
29. Sato F, Nishimura M, Shinano H, Saito H, Miyamoto K, Kawakami Y. Heart rate during obstructive sleep apnea depends on individual hypoxic chemosensitivity of the
carotid body. Circulation. 1997;96(1):274–281.
30. Guilleminault C, Pool P, Motta J, Gillis AM. Sinus arrest during REM sleep in young
adults. N Engl J Med. 1984;311(16):1006–1010.
31. Geiser T, Buck F, Meyer BJ, Bassetti C, Haeberli A, Gugger M. In vivo platelet activation is increased during sleep in patients with obstructive sleep apnea syndrome.
Respiration. 2002;69(3):229–234.
32. Zamarron C, Ricoy J, Riveiro A, Gude F. Plasminogen activator inhibitor-1 in obstructive sleep apnea patients with and without hypertension. Lung. 2008;186(3):151–156.
33. Muller JE, Kaufmann PG, Luepker RV, Weisfeldt ML, Deedwania PC, Willerson JT.
Mechanisms precipitating acute cardiac events: review and recommendations of an
NHLBI workshop. National Heart, Lung, and Blood Institute. Mechanisms Precipitating Acute Cardiac Events Participants. Circulation. 1997;96(9):3233–3239.
34. Shepard JW, Jr., Garrison MW, Grither DA, Dolan GF. Relationship of ventricular
ectopy to oxyhemoglobin desaturation in patients with obstructive sleep apnea. Chest.
1985;88(3):335–340.
35. Mehra R, Benjamin EJ, Shahar E, Gottlieb DJ, Nawabit R, Kirchner HL, Sahadevan J,
Redline S. Association of nocturnal arrhythmias with sleep-disordered breathing: The
Sleep Heart Health Study. Am J Respir Crit Care Med. 2006;173(8):910–916.
36. Koehler U, Becker HF, Grimm W, Heitmann J, Peter JH, Schafer H. Relations among
hypoxemia, sleep stage, and bradyarrhythmia during obstructive sleep apnea.
Am Heart J. 2000;139(1 Pt 1):142–148.
37. Grimm W, Koehler U, Fus E, Hoffmann J, Menz V, Funck R, Peter JH, Maisch B. Outcome of patients with sleep apnea-associated severe bradyarrhythmias after continuous positive airway pressure therapy. Am J Cardiol. 2000;86(6):688–692, A689.
38. Koskenvuo M, Kaprio J, Telakivi T, Partinen M, Heikkila K, Sarna S. Snoring as a
risk factor for ischaemic heart disease and stroke in men. Br Med J (Clin Res Ed).
1987;294(6563):16–19.
39. Koskenvuo M, Kaprio J, Partinen M, Langinvainio H, Sarna S, Heikkila K. Snoring as
a risk factor for hypertension and angina pectoris. Lancet. 1985;1(8434):893–896.
40. Waller PC, Bhopal RS. Is snoring a cause of vascular disease? An epidemiological
review. Lancet. 1989;1(8630):143–146.
41. Hung J, Whitford EG, Parsons RW, Hillman DR. Association of sleep apnoea with
myocardial infarction in men. Lancet. 1990;336(8710):261–264.
42. Peker Y, Kraiczi H, Hedner J, Loth S, Johansson A, Bende M. An independent association between obstructive sleep apnoea and coronary artery disease. Eur Respir J.
1999;14(1):179–184.
43. Franklin KA, Nilsson JB, Sahlin C, Naslund U. Sleep apnoea and nocturnal angina.
Lancet. 1995;345(8957):1085–1087.
44. Hanly P, Sasson Z, Zuberi N, Lunn K. ST-segment depression during sleep in obstructive sleep apnea. Am J Cardiol. 1993;71(15):1341–1345.
45. Philip P, Guilleminault C. ST segment abnormality, angina during sleep and obstructive sleep apnea. Sleep. 1993;16(6):558–559.
46. Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, Javier Nieto F, O’Connor GT,
Boland LL, Schwartz JE, Samet JM. Sleep-disordered breathing and cardiovascular
disease: cross-sectional results of the Sleep Heart Health Study. Am J Respir Crit Care
Med. 2001;163(1):19–25.
47. Quan SF, Howard BV, Iber C, Kiley JP, Nieto FJ, O’Connor GT, Rapoport DM, Redline
S, Robbins J, Samet JM, Wahl PW. The Sleep Heart Health Study: design, rationale, and
methods. Sleep. 1997;20(12):1077–1085.

29

30

Emergent Events Related to Sleep Disorders
48. Mooe T, Franklin KA, Holmstrom K, Rabben T, Wiklund U. Sleep-disordered breathing
and coronary artery disease: long-term prognosis. Am J Respir Crit Care Med. 2001;164
(10 Pt 1):1910–1913.
49. Milleron O, Pilliere R, Foucher A, de Roquefeuil F, Aegerter P, Jondeau G, Raffestin
BG, Dubourg O. Beneﬁts of obstructive sleep apnoea treatment in coronary artery
disease: a long-term follow-up study. Eur Heart J. 2004;25(9):728–734.
50. Doherty LS, Kiely JL, Swan V, McNicholas WT. Long-term effects of nasal continuous positive airway pressure therapy on cardiovascular outcomes in sleep apnea
syndrome. Chest. 2005;127(6):2076–2084.
51. Yumino D, Tsurumi Y, Takagi A, Suzuki K, Kasanuki H. Impact of obstructive sleep
apnea on clinical and angiographic outcomes following percutaneous coronary intervention in patients with acute coronary syndrome. Am J Cardiol. 2007;99(1):26–30.
52. Cassar A, Morgenthaler TI, Lennon RJ, Rihal CS, Lerman A. Treatment of obstructive
sleep apnea is associated with decreased cardiac death after percutaneous coronary
intervention. J Am Coll Cardiol. 2007;50(14):1310–1314.
53. Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardiovascular outcomes in men
with obstructive sleep apnoea-hypopnoea with or without treatment with continuous
positive airway pressure: an observational study. Lancet. 2005;365(9464):1046–1053.
54. Elwood P, Hack M, Pickering J, Hughes J, Gallacher J. Sleep disturbance, stroke, and
heart disease events: evidence from the Caerphilly cohort. J Epidemiol Community
Health. 2006;60(1):69–73.
55. Peker Y, Hedner J, Norum J, Kraiczi H, Carlson J. Increased incidence of cardiovascular
disease in middle-aged men with obstructive sleep apnea: a 7-year follow-up. Am J
Respir Crit Care Med. 2002;166(2):159–165.
56. Peker Y, Carlson J, Hedner J. Increased incidence of coronary artery disease in sleep
apnoea: a long-term follow-up. Eur Respir J. 2006;28(3):596–602.
57. Wright J, Johns R, Watt I, Melville A, Sheldon T. Health effects of obstructive sleep
apnoea and the effectiveness of continuous positive airways pressure: a systematic
review of the research evidence. BMJ. 1997;314(7084):851–860.
58. MacGregor MI, Block AJ, Ball WC, Jr. Topics in clinical medicine: serious complications and sudden death in the Pickwickian syndrome. Johns Hopkins Med J. 1970;126(5):
279–295.
59. Gonzalez-Rothi RJ, Foresman GE, Block AJ. Do patients with sleep apnea die in their
sleep? Chest. 1988;94(3):531–538.
60. Zipes DP, Wellens HJ. Sudden cardiac death. Circulation. 1998;98(21):2334–2351.
61. Seppala T, Partinen M, Penttila A, Aspholm R, Tiainen E, Kaukianen A. Sudden death
and sleeping history among Finnish men. J Intern Med. 1991;229(1):23–28.
62. Rossner S, Lagerstrand L, Persson HE, Sachs C. The sleep apnoea syndrome in
obesity: risk of sudden death. J Intern Med. 1991;230(2):135–141.
63. Cohen MC, Rohtla KM, Lavery CE, Muller JE, Mittleman MA. Meta-analysis of the
morning excess of acute myocardial infarction and sudden cardiac death. Am J Cardiol.
1997;79(11):1512–1516.
64. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, Daubert JP, Higgins SL,
Brown MW, Andrews ML. Prophylactic implanatation of a deﬁbrillator in patients
with myocardial infarction and reduced ejection fraction. N Engl J Med. 2002;346:
877–883.
65. Pietrasik G, Goldenberg I, McNitt S, Moss AJ, Zareba W. Obesity as a risk factor for
sustained venticular tachyarrhymias in MADIT II patients. J Cardiovasc Electrophysiol.
2007;18(2):181–184.
66. Arias MA, Sanchez AM. Obstructive sleep apnea and its relationship to cardiac
arrhythmias. J Cardiovasc Electrophysiol. 2007;18(9):1006–1014.

2: Acute and Emergent Cardiac Events in Obstructive Sleep Apnea
67. Roche F, Barthelemy JC, Garet M, Duverney D, Pichot V, Sforza E. Continuous positive
airway pressure treatment improves the QT rate dependence adaptation of obstructive sleep apnea patients. Pacing Clin Electrophysiol. 2005;28(8):819–825.
68. Extramiana F, Neyroud N, Huikuri HV, Koistinen MJ, Coumel P, Maison-Blanche P.
QT interval and arrhythmic risk assessment after myocardial infarction. Am J Cardiol.
1999;83(2):266–269, A266.
69. Lieb W, Voss C, Ortak J, Barantke M, Hengstenberg C, Loewel H, Holmer S, Erdmann J, Schunkert H, Bonnemeier H. Impact of diabetes on QT dynamicity in patients
with and without myocardial infarction: The KORA Family Heart Study. Pacing Clin
Electrophysiol. 2007;30 Suppl 1:S183–187.
70. Tilkian AG, Guilleminault C, Schroeder JS, Lehrman KL, Simmons FB, Dement WC.
Sleep-induced apnea syndrome. Prevalence of cardiac arrhythmias and their reversal
after tracheostomy. Am J Med. 1977;63(3):348–358.
71. Flemons WW, Remmers JE, Gillis AM. Sleep apnea and cardiac arrhythmias: is there a
relationship? Am Rev Respir Dis. 1993;148:618–621.
72. Guilleminault C, Connolly SJ, Winkle RA. Cardiac arrhythmia and conduction disturbances during sleep in 400 patients with sleep apnea syndrome. Am J Cardiol.
1983;52(5):490–494.
73. Zwillich C, Devlin T, White D, Douglas N, Weil J, Martin R. Bradycardia during sleep
apnea. Characteristics and mechanism. J Clin Invest. 1982;69(6):1286–1292.
74. Becker H, Brandenburg U, Peter JH, Von Wichert P. Reversal of sinus arrest and atrioventricular conduction block in patients with sleep apnea during nasal continuous
positive airway pressure. Am J Respir Crit Care Med. 1995;151(1):215–218.
75. Grimm W, Hoffmann J, Menz V, Kohler U, Heitmann J, Peter JH, Maisch B. Electrophysiologic evaluation of sinus node function and atrioventricular conduction in
patients with prolonged ventricular asystole during obstructive sleep apnea. Am J
Cardiol. 1996;77(15):1310–1314.
76. Koehler U, Fus E, Grimm W, Pankow W, Schafer H, Stammnitz A, Peter JH. Heart
block in patients with obstructive sleep apnoea: pathogenetic factors and effects of
treatment. Eur Respir J. 1998;11(2):434–439.
77. Somers VK, Dyken ME, Mark AL, Abboud FM. Parasympathetic hyperresponsiveness
and bradyarrhythmias during apnoea in hypertension. Clin Auton Res. 1992;2(3):171–176.
78. Becker HF, Koehler U, Stammnitz A, Peter JH. Heart block in patients with sleep
apnoea. Thorax. 1998;53 Suppl 3:S29–32.
79. Harbison J, O’Reilly P, McNicholas WT. Cardiac rhythm disturbances in the obstructive sleep apnea syndrome: effects of nasal continuous positive airway pressure
therapy. Chest. 2000;118(3):591–595.
80. Stegman SS, Burroughs JM, Henthorn RW. Asymptomatic bradyarrhythmias as a
marker for sleep apnea: appropriate recognition and treatment may reduce the need
for pacemaker therapy. Pacing Clin Electrophysiol. 1996;19(6):899–904.
81. Simantirakis EN, Schiza SI, Marketou ME, Chrysostomakis SI, Chlouverakis GI,
Klapsinos NC, Siafakas NS, Vardas PE. Severe bradyarrhythmias in patients with
sleep apnoea: the effect of continuous positive airway pressure treatment: a long-term
evaluation using an insertable loop recorder. Eur Heart J. 2004;25(12):1070–1076.
82. Aydin M, Altin R, Ozeren A, Kart L, Bilge M, Unalacak M. Cardiac autonomic activity
in obstructive sleep apnea: time-dependent and spectral analysis of heart rate variability using 24-hour Holter electrocardiograms. Tex Heart Inst J. 2004;31(2):132–136.
83. Buxton AE, Lee KL, Haﬂey GE, Wyse DG, Fisher JD, Lehmann MH, Pires LA, Gold
MR, Packer DL, Josephson ME, Prystowsky EN, Talajic MR. Relation of ejection fraction and inducible ventricular tachycardia to mode of death in patients with coronary
artery disease: an analysis of patients enrolled in the multicenter unsustained tachycardia trial. Circulation. 2002;106(19):2466–2472.

31

32

Emergent Events Related to Sleep Disorders
84. Moss AJ, Hall WJ, Cannom DS, MORE. Improved survival with an implanted deﬁbrillator in patients with coronary disease at thigh risk for ventricular arrhythmia. N Engl
J Med. 1996;335:1933–1940.
85. Javaheri S. Effects of continuous positive airway pressure on sleep apnea and
ventricular irritability in patients with heart failure. Circulation. 2000;101(4):392–397.
86. Ryan CM, Usui K, Floras JS, Bradley TD. Effect of continuous positive airway pressure
on ventricular ectopy in heart failure patients with obstructive sleep apnoea. Thorax.
2005;60:781–785.
87. Gami AS, Somers VK. Obstructive sleep apnea and sudden death. In: Gussak I, Antzelevitch C, eds. Electrical Diseases of the Heart: genetics, mechanisms, treatment, prevention.
London: Springer; 2008:898-910.
88. Coyne KS, Paramore C, Grandy S, Mercader M, Reynolds M, Zimetbaum P. Assessing
the direct costs of treating nonvalvular atrial ﬁbrillation in the United States. Value
Health. 2006;9(5):348–356.
89. Naccarelli GV, Varker H, Lin J, Schulman KL. Increasing prevalence of atrial ﬁbrillation and ﬂutter in the United States. Am J Cardiol. 2009;104(11):1534–1539.
90. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna WP, Seward JB,
Tsang TS. Secular trends in incidence of atrial ﬁbrillation in Olmsted County, Minnesota,
1980 to 2000, and implications on the projections for future prevalence. Circulation.
2006;114(2):119–125.
91. Gami AS, Pressman G, Caples SM, Kanagala R, Gard JJ, Davison DE, Malouf JF,
Ammash NM, Friedman PA, Somers VK. Association of atrial ﬁbrillation and obstructive
sleep apnea. Circulation. 2004;110(4):364–367.
92. Gami AS, Hodge DO, Herges RM, Olson EJ, Nykodym J, Kara T, Somers VK. Obstructive sleep apnea, obesity, and the risk of incident atrial ﬁbrillation. J Am Coll Cardiol.
2007;49(5):565–571.
93. Stevenson IH, Teichtahl H, Cunnington D, Ciavarella S, Gordon I, Kalman JM.
Prevalence of sleep disordered breathing in paroxysmal and persistent atrial ﬁbrillation
patients with normal left ventricular function. Eur Heart J. 2008;29(13):1662–1669.
94. Kanagala R, Murali NS, Friedman PA, Ammash NM, Gersh BJ, Ballman KV,
Shamsuzzaman AS, Somers VK. Obstructive sleep apnea and the recurrence of atrial
ﬁbrillation. Circulation. 2003;107(20):2589–2594.

3
Acute Issues in Narcolepsy
and Hypersomnia
Sarah M. Richey, MD and
Christian Guilleminault, MD, DM, DBiol

Introduction
Narcolepsy is a debilitating condition characterized by excessive daytime
sleepiness and sleep attacks, as well as cataplexy, hypnagogic and hypnopompic hallucinations, and sleep paralysis. The latter three symptoms are
thought to result from an abnormal breach of REM sleep into wakefulness.
The International Classiﬁcation of Sleep Disorders recognizes two types of
narcolepsy: narcolepsy with cataplexy and narcolepsy without cataplexy.
Cataplexy is thought to be a pathognomonic feature of narcolepsy that is
characterized by a sudden loss of muscle tone in response to heightened emotional state, most often laughing or anger.1,2 Narcolepsy without cataplexy is
thought to represent 20% to 50% of cases.3
Several studies have found the prevalence of narcolepsy with cataplexy to
be around 0.04%; however, signiﬁcant geographical variation has been
observed. Prevalence in Israel, for instance, may be as low as 0.002%,4 while
in Japan, it may be as high as 0.16% to 0.18%.5,6 Fewer studies exist that investigate the prevalence of narcolepsy without cataplexy. In 2002 a study was
published using data from the Rochester Epidemiology Project that found the
prevalence of narcolepsy without cataplexy to be 0.021%.7
In narcolepsy, a number of acute issues can develop with regard both to
symptomatology and treatment, and these acute aspects of its presentation have
the potential for accident and injury (e.g., sleep attacks, acute cataplectic events).
We shall review the topic of narcolepsy and these aspects will be emphasized in
this chapter. The safety of the patients as well as those around them is foremost
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among these issues. Excessive daytime sleepiness, sleep attacks, cataplexy,
hypnagogic hallucinations, status cataplecticus, and medications used in
treatment can all lead to acute situations that must be addressed by the clinician.

Etiology
The clinical symptomatology of narcolepsy was ﬁrst described in 1877 by
Westphal;8 it was again described in 1878 by Fisher but was related to a seizure disorder.9 Only in 1880 were the symptoms characterized together as
a syndrome by Gélineau, who was the ﬁrst to use the diagnostic term
narcolepsy. The road to the discovery of the pathogenesis of narcolepsy did
not begin until almost a century later, with case reports of narcoleptic dogs in
the 1970s.10,11 The breeding of two narcoleptic Doberman pinschers in 1975
would lead to the development of a colony of narcoleptic dogs in which a
defect in the hypocretin receptor 2 gene was discovered.12 Since that time, the
narcolepsy phenotype has also been demonstrated in hypocretin-knockout
mice.13
Hypocretin-1 and hypocretin-2 (also known as orexin-A and orexin-B) are
neuropeptides found in cell bodies in the lateral hypothalamus. Projections
from these cell bodies have wide distribution in the brain; however, the densest concentration of such neurons outside of the hypothalamus is in the locus
ceruleus,14 suggesting that the hypocretin neuropeptides may have a role in
monoaminergic activity over the 24-hour sleep cycle. An upstream player
may be the suprachiasmatic nucleus, which sends projections to the hypocretin cell bodies and may, in turn, play a role in regulation of circadian
rhythm.
Research in human subjects has suggested that human narcolepsy is more
likely caused by a defect in hypocretin neurotransmission secondary to
neuronal destruction rather than a gene mutation. Decreased numbers of
hypocretin neurons in the lateral hypothalamus have been discovered
in human patients with narcolepsy,15 and low levels of hypocretin-1 in the
cerebrospinal ﬂuid (CSF) have been clearly demonstrated in patients with
narcolepsy with typical cataplexy.16 In 2004, researchers used in vivo proton
MR spectroscopy to measure N-acetylaspartate content in narcoleptic patients’ hypothalamuses. N-acetylaspartate is a marker that is decreased when
neurons are damaged or destroyed. Reduced levels of N-acetylaspartate
were found in those with narcolepsy; also, subjects with cataplexy had lower
levels than those who had narcolepsy without cataplexy.17 This suggests
that the etiology of narcolepsy may lie in the destruction of the hypocretin
neurons.
The pathophysiology of cataplexy is incompletely understood but is
thought to be an intrusion of the atonia of the REM state onto wakefulness,
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and is believed to involve inhibition of the antigravity muscles associated
with inhibition of H-reﬂex and tendon reﬂexes. During REM sleep there is an
active inhibition of muscle tone with monosynaptic reﬂex (H-reﬂex) inhibition, leading to the muscle atonia observed during this stage of sleep. The
several descending pathways with glycinergic and glutamatergic synapses
are thought to be involved in the pathogenesis. In addition, increased amounts
of postsynaptic dopamine receptors in the amygdala were discovered in the
colony of narcoleptic dogs previously mentioned. These dogs had impaired
dopamine release, and it may be that a dysfunctional interaction between
dopaminergic and cholinergic neurons could play a role in the underlying
process.18 Canine alpha1b and alpha2 receptors also seem to be involved in
cataplexy. Alpha1b antagonists cause cataplexy to become more pronounced,
while medications that stimulate these receptors decrease cataplexy.19 Alpha2
antagonists decrease cataplexy as well.20
Secondary narcolepsy is a well-established albeit rare phenomenon. Many
cases of narcolepsy with cataplexy associated with lesions or tumors near the
third ventricle have been described.21–23 Multiple sclerosis, Parkinson’s disease, craniopharyngioma, neurocysticercosis, traumatic brain injury, stroke,
acute disseminated encephalomyelitis, and others have been implicated in
secondary narcolepsy as well.24–29

Common Features
The hallmark of narcolepsy is excessive daytime sleepiness leading to unwelcome sleep episodes that can markedly impair daytime functioning. Naps are
typically described as refreshing and may be of relatively short duration.
Decreased concentration and memory as well as impaired performance in
work and school are often reported by patients.
The nocturnal sleep of those with narcolepsy is fragmented and of poor
quality. This is a factor that distinguishes narcolepsy from hypersomnia.
Patients with narcolepsy wake frequently through the night and may describe
nightmares. Sometimes patients may report difﬁculty with sleep initiation or
difﬁculty falling back asleep after nocturnal awakenings. Periodic limb movements can be observed in this patient population and may contribute to the
poor sleep quality.30
Cataplexy is thought to be pathognomonic for a diagnosis of narcolepsy,
though the degree of muscle weakness and frequency of episodes varies from
patient to patient. For example, muscle weakness can range from a mild facial
droop to total collapse, and some patients may experience cataplexy only a
few times in their lives while others may experience cataplexy several times
per day. As patients age cataplexy seems to become less frequent.30 The episodes are often triggered by emotions, most often laughter and anger.
Certainly cataplexy (as well as daytime sleepiness) should be well controlled
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if a patient is to have a driver’s license or a job in which cataplectic episodes
could be particularly dangerous.
In status cataplecticus, a rare phenomenon most often seen with the abrupt
withdrawal of anti-cataplectic agents, the cataplectic attack persists for hours,
causing severe debilitation.30 Guilleminault et al31 described this phenomenon
in a young man who despite treatment with imipramine and methylphenidate
was effectively house-bound, having on average eight episodes of cataplexy
per day when kept without any social interaction and up to 50 daily with
social interaction.
Sleep paralysis is a phenomenon commonly associated with narcolepsy. It
is often described by patients as a frightening experience. Upon waking,
patients have the acute sensation that they are trapped in their bodies and
cannot move. They ﬁnd themselves unable to speak and sometimes even
unable to take deep breaths. Visual hallucinations frequently accompany this
experience. Sleep paralysis can occur outside of the context of narcolepsy,
particularly in those who are sleep-deprived.32
Hypnagogic or hypnopompic hallucinations are often reported by those
with narcolepsy. Most often these hallucinations take the form of images of
simple shapes, although visualizations of animals or people have also been
reported. Auditory hallucinations are also known to occur and range from
simple sounds to melodies and words. The experiences can seem very real,
and patients have been known to call 911 to report intruders in their homes,
confusing the hallucination with reality.30 Olfactory and gustatory hallucinations are not typically reported, though tactile hallucinations, including
touch or even levitation, have been described. Just as with sleep paralysis,
hypnagogic or hypnopompic hallucinations may occur in those without
narcolepsy.32
Practitioners, and psychiatrists in particular, should be careful to differentiate the often strange reports by narcoleptics who experience sleep paralysis
and hypnagogic hallucinations from psychosis. Those with sleep paralysis
and hypnagogic hallucinations have reported alien abductions, demons
entering their rooms, and intruders trying to rape or kill them.33,34 The importance of this distinction is underscored by the difference in treatment appropriate to either diagnosis. There have been reports of hypnagogic hallucinations
evolving over time to become well-formed delusions,35 and certainly psychotic disorders and narcolepsy can co-exist. In addition, there are those who
propose that there is a psychotic variant of narcolepsy. This extends from case
reports that describe patients who exhibit classic symptoms of narcolepsy
concomitant with symptoms of psychosis. These patients experienced no resolution of their psychotic symptoms with traditional antipsychotic medication, but improved with only stimulants.36
REM behavior disorder (RBD) can also be associated with narcolepsy. RBD
is a syndrome associating dream-related activity without the normal atonia of
REM sleep during polysomnography. It is usually seen in patients treated for
cataplexy and may be a side effect of medication. A 2005 study found that 68%
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of narcoleptic patients who regularly experience cataplexy also experienced
symptoms of RBD. This study found equal rates of RBD symptoms occurring
in males and females with a mean age of 41 years; this contrasts with epidemiologic data from patients who suffer from RBD alone, in which older males
are affected in much higher numbers.37
Symptoms of narcolepsy tend to appear ﬁrst around the time of puberty or
young adulthood; however, narcolepsy has been seen in patients as young as
6 months old.38 A smaller subset of patients is diagnosed much later, typically
in the fourth decade of life.30 Sleep attacks and excessive daytime sleepiness
are often the ﬁrst reported symptoms. Cataplexy may present along with the
development of the sleepiness or may present many years later.

Evaluation
The ﬁrst step in evaluation of the patient with possible narcolepsy is a thorough clinical history and physical examination. Important clinical features to
identify include a history of cataplexy, automatic behaviors, sleep paralysis,
and hypnagogic hallucinations. The time course of the excessive daytime
sleepiness must be ascertained. Information about the use of alcohol, illicit
drugs, or sedating medications that could be contributing to or causing symptoms of excessive daytime sleepiness should be gathered. Particular attention
should be paid to gathering the history surrounding the presence or absence
of cataplexy. As mentioned above, the decrease in muscle tone can be subtle,
so much so that the patient may not think to volunteer the information without being asked about it explicitly. On the other hand, the practitioner must
be careful not to mistake phenomena such as feeling weakness in one’s knees
before a performance or a child rolling on the ﬂoor laughing from a joke as
cataplexy. As previously mentioned, one must also take care to distinguish
the hypnagogic or hypnopompic hallucinations from the hallucinations
described by acute psychosis.39
The next step in making an accurate diagnosis of narcolepsy is to ascertain
the presence and degree of daytime sleepiness. The Epworth and Stanford
Sleepiness Scales are validated measures of sleepiness completed by the
patient.40 The Multiple Sleep Latency Test (MSLT) is an objective test of daytime sleepiness performed in the sleep laboratory.41 The test consists of a series
of ﬁve sequential 20-minute daytime naps in which the patient remains in
street clothes in a quiet, dark environment in the absence of alerting environmental stimuli. Polysomnographic EEG data are monitored for the presence
of non-REM as well as REM sleep. If a REM episode occurs in the ﬁrst 15 minutes of a nap it is considered to be a sleep-onset REM episode (SOREM). For
patients who have passed puberty, sleep latencies of less than 8 minutes are
considered pathological, while sleep latencies greater than 10 minutes are
considered normal. Children from the ages of 6 through 11 are considered to
be hyperalert, and these criteria do not apply to them.42
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