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INTRODUCTION

During the past decade there has developed a widespread realization that sleep exerts a
profound impact on individuals with underlying disturbances of respiratory structure or func-
tion. In some instances, such as chronic obstructive pulmonary disease, the underlying disorder
may be clinically apparent, whereas in other cases, such as obstructive sleep apnea, the
underlying problem may be subtle and unsuspected clinically. In both instances the nocturnal
events can produce important manifestations during wakefulness, and may be either entirely
responsible for the patient's clinical syndrome, or may aggravate the clinical condition and
contribute to its natural progression. The purpose of this article is to review recent advances in
the field of breathing disorders during sleep and to highlight these advances by discussing in
detail the more common problems encountered in clinical practice.

IMPACT OF SLEEP ON BREATHING

Sleep states

Sleep is not a homogeneous phenomenon but rather consists of two distinct states that are
referred to as non-rapid-eye movement (NREM) and rapid-eye movement (REM) sleep (1).
The two states can be distinguished by a combination of behavioural, electroencephalographic
(EEG), electrooculographic (EOG) and electromyographic (EMG) criteria (2). NREM sleep
consists of four stages representing progressively deeper stages of sleep. Stages 3 and 4 are
referred to as slow-wave sleep because the EEG is dominated by high voltage waves (> 100//V)
of low frequency (1-2 Hz). REM sleep, often referred to as dreaming sleep, is characterized by
a desynchronized EEG resembling that of wakefulness, abolition of skeletal muscle tone, and
bursts of rapid-eye-movements as well as other phasic muscular events. In the normal adult
NREM and REM sleep alternate cyclically throughout the night with a cycle length of % to 120
min.
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4 John R. Stradling and Eliot A. Phillipson

Respiratory stability

The two states of NREM and REM sleep exert several influences on breathing (3), the most
important of which from the clinical standpoint are reductions in respiratory stability and
changes in respiratory drive and mechanics. However these effects are not necessarily consis-
tent throughout all sleep; hence clinical abnormalities of breathing during sleep may be limited
to one or other sleep stage. For example, during the light stages of NREM sleep, as the central
nervous system state fluctuates between being more awake and more asleep, there is a waxing
and waning of neural stimuli to the medullary respiratory neurons. This fluctuation in neural
inputs related to the state of wakefulness interacts with classical chemical respiratory stimuli to
produce an instability in respiratory drive (3). The instability may manifest clinically as a waxing
and waning of ventilation (periodic breathing), which often includes a short period of apnea
(Cheyne-Stoke's respiration). Typically such periodic breathing disappears during slow-wave
sleep, when non-chemical respiratory inputs are minimized and breathing is regulated solely by
the brainstem metabolic control system (3). In contrast during REM sleep, which is character-
ized by phasic autonomic and neuromuscular discharges, breathing is characteristically irregu-
lar and short periods of central apnea of 10 to 20 s duration are common (3).

Respiratory drive and mechanics

In addition to changes in respiratory stability during light NREM and REM sleep, overall
respiratory drive is less during sleep than during wakefulness, resulting in changes in respiratory
mechanics and ventilation that may become of clinical importance in patients with underlying
respiratory system abnormalities. During NREM sleep these is a decrease in diaphragmatic
drive, resulting in a small reduction in ventilation of 1-21/min, an increase in Pao^of 0.3 to 1.0
kPa (2-8 mmHg), and a decrease in Paoj of 0.6 to 1.3 kPa (5-10 mmHg) (4). During REM sleep
intercostal and accessory muscle activity is reduced as part of the generalized inhibition of
skeletal muscle tone characteristic of this state. As a result thoracoabdominal coupling may be
diminished, resulting in further reductions in ventilation (4). In addition functional residual
capacity may be reduced (5).

These effects of NREM and REM sleep are also exerted on the upper airway dilator and
abductor muscles whose activity is normally modulated phasically with breathing (4, 6). Thus
during NREM sleep there is an increase in upper airway resistance compared with wakefulness
which may contribute to the reduction in ventilation (7). During REM sleep both the resting
tone and phasic respiratory discharges of the upper airway dilator muscles may be abolished
completely, further increasing upper airway resistance and predisposing to upper airway
occlusion in susceptible individuals (6, 7).

Clinical importance

The physiological impact of sleep on breathing is of little consequence in healthy individuals.
However, in patients with abnormalities of the respiratory system, the superimposition of these
sleep-related respiratory changes on the underlying disturbance may have major clinical
consequences. For example, in a patient with a primary alveolar hypoventilation syndrome who
lacks the normal chemical respiratory drives, withdrawal of the stimulatory effect of wakeful-
ness on breathing at sleep onset may result in a complete cessation of respiratory drive and the
development of central apnea (8). Similarly the patient with diaphragm weakness or paralysis,
who is dependent upon intercostal and accessory muscle activity for maintenance of adequate
ventilation, is particularly vulnerable to the development of profound hypoventilation during
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Breathing Disorders During Sleep '$

REM sleep when the activity of the intercostal and accessor)' muscles is physiologically
inhibited (9). However the best described and most important clinical disorders of breathing
during sleep occur in patients with chronic obstructive pulmonary disease and in patients with
obstructive sleep apnea. Therefore the remainder of this review will focus in detail on these two
clinical entities.

CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)

Observations

Decreases in arterial oxygen saturation (Sao?) during sleep in patients with chronic obstructive
pulmonary disease were first described over 20 years ago (10). However only during the past
few years, with the advent of newer and more widely applicable ear oximeters, has the
magnitude of the problem become appreciated. Several studies have now confirmed that
arterial blood gas pressures and Sao2 deteriorate during sleep in patients with chronic bronchitis
and emphysema, with the most marked changes occurring during REM sleep (11). Transient
falls in Pao2 to as low as 2.5 kPa (20 mmHg) and in saturation to as low as 30 per cent have been
recorded during REM sleep, levels that would be incompatible with life if sustained. Typically
the most severe episodes of desaturation occur during the longest period of REM sleep between
5 and 7 a.m., a time which corresponds to the period of highest mortality for patients with
respiratory disease (12).

Arterial desaturation during sleep in patients with chronic obstructive pulmonary disease is
not limited to REM sleep (Fig. 1). The transition from wakefulness to NREM sleep is generally
accompanied by a decrease in Pao2of 1 to 1.5 kPa (7-10 mmHg) (11). During REM sleep Pao2

decreases on average another 0.5-1.0 KPa (4—8 mmHg), superimposed on which are recurrent
transient dips of up to 3 kPa (25 mmHg). Although some studies have found these sleep induced
changes in Pao2 to be greater in patients with chronic obstructive pulmonary disease than in
normal subjects (13, 14), in most studies the magnitude of changes has been comparable with
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FIG. 1. Recorder tracing of arterial oxygen saturation (Sao?) measured by ear oximetry in a patient
with chronic obstructive pulmonary disease. Record moves from right to left. Note the decrease in
baseline Sao? during non-rapid-eye movement (non-REM) sleep, and the transient periods of
further desaturation during REM sleep. Sleep stages were identified from more detailed recordings
(see Fig. 2).
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6 John R. Stradling and Eliot A. Phillipson

that in healthy subjects (15-18). However because most patients with chronic obstructive
pulmonary disease are hypoxic while awake, falls in Pao2 during sleep tend to occur on the steep
portion of the oxyhemoglobin dissociation curve. As a result the magnitude of arterial oxygen
desaturation for a given change in Pao2 is generally much greater in patients with chronic
obstructive pulmonary disease than in healthy subjects (18). For example a decrease in PaO2 of
1.3 kPa (10 mmHg) reduces SaOi by 1 percent when baseline SaOiis97 percent, and by 15 per
cent when baseline Sao2 is 80 per cent. As a result transient episodes of desaturation of 10 to 50
per cent are not uncommon during REM sleep in patients with chronic obstructive pulmonary
disease who are hypoxemic while awake (Fig. 1). Furthermore such episodes tend to either
recur frequently or to persist for long periods of time. Thus in terms of oxygen delivery to the
tissues, the changes in arterial oxygenation induced by sleep impose a considerably greater
burden on these hypoxic patients than on normoxic individuals.

Pathogenesis

The mechanisms responsible for episodic arterial oxygen desaturation during REM sleep in
patients with chronic obstructive pulmonary disease have been the subject of considerable
interest in recent years (11). In general terms desaturation results from the impact of the normal
respiratory changes induced by sleep superimposed on the underlying physiological distur-
bances characteristic of the disorder. The major cause of arterial desaturation during REM
sleep appears to be a decrease in alveolar ventilation (19), which can be attributed to two
causes. First, patients with chronic obstructive pulmonary disease are more dependent upon
the intercostal and accessory muscles than are healthy subjects, since the diaphragm is often at a
mechanical disadvantage because of hyperinflation or fatigue. The normal inhibition of inter-
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FIG. 2. Recorder tracings in a patient with chronic obstructive pulmonary disease during wakeful-
ness, stage 2 NREM sleep, and REM sleep. Channels from above down show electroencephalogram
(EEG); right and left electrooculogram (EOG); submental electromyogram (EMG); electrocardio-
gram (ECG); movements of the ribcage and abdomen; tidal volume (VT);and arterial O2 saturation
(Sac^). Note marked decrease in ribcage excursions during REM sleep, resulting in decreased tidal
volume and Sao^ (Reproduced from Chest 1984; 85S: 24S-30S, with permission.)
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Breathing Disorders During Sleep 1

costal and accessory muscles in REM sleep thus impairs tidal volume generation and reduces
the overall level of ventilation in these patients (Fig. 2). Second, the pattern of breathing during
REM sleep may normally be more rapid and shallow than during NREM sleep (3,4). Because
the fraction of wasted ventilation is generally greater than normal in these patients, the change
to more shallow breathing in REM sleep reduces alveolar ventilation, proportionally more than
in healthy subjects. In addition to these causes of alveolar hypoventilation, the reduction in
upper airway muscle tone that occurs in REM sleep results in an increase in upper airway
resistance which may further impair ventilation and contribute to hypoxemia (20). However
outright upper airway occlusion (i.e. obstructive sleep apnea) is not particularly common in
these patients (17, 20).

In addition to changes in alveolar ventilation, ventilation-perfusion (V/Q) matching may
also deteriorate during REM sleep in patients with chronic obstructive pulmonary disease,
thereby contributing to the transient episodes of arterial desaturation (21). This deterioration
in gas exchange might result from a decrease in functional residual capacity secondary to the
coincident reduction in intercostal and accessory muscle tone, as occurs in healthy subjects and
in patients with cystic fibrosis (5). Any reduction in functional residual capacity in patients with
diffuse airways obstruction would tend to further reduce airway caliber, thereby decreasing
V/Q ratios in dependent lung zones. To what extent this mechanism contributes to the
hypoxemia of REM sleep is not clear, since the transient nature of the events precludes a simple
analysis of V/Q matching from calculation of the alveolar-arterial Po2 difference (17, 18, 21).
Changes in cardiac output during REM sleep could also alter V/Q matching and contribute to
hypoxemia, although the available data suggest that this mechanism is not of major importance
(22).

Pathophysiology

Because SaOi during sleep is lower in 'blue and bloated' chronic obstructive pulmonary disease
patients than in 'pink-puffers' (17, 23), it has been suggested that pulmonary hypertension, cor
pulmonale, and right heart failure in chronic obstructive pulmonary disease is induced by
nocturnal episodes of arterial oxygen desaturation (24, 25). This is an attractive hypothesis and
is supported by the fact that the hypoxemic episodes during sleep in 'blue-bloaters' are
accompanied by substantial increases in pulmonary arterial pressure (14,22, 26). Furthermore,
supplemental oxygen, sufficient to attenuate the degree of nocturnal desaturation, also blunts
the acute increases in pulmonary arterial pressure (22, 26), and over the long term may halt the
progression of cor pulmonale and polycythemia, and prolong survival (27-29).

Despite these intriguing observations, the long-term consequences of the sleep-induced falls
in Sao? in patients with chronic obstructive pulmonary disease are not clear. On a theoretical
basis the changes should add to the overall hypoxic load and thus increase target organ damage.
However the patients who experience the most severe nocturnal desaturation also demonstrate
the most severe daytime hypoxemia (18). Hence the relative contribution of the nocturnal
events has been difficult to establish, particularly with regards to the development of poly-
cythemia and chronic pulmonary hypertension. Neither is there clear evidence that nocturnal
oxygen treatment is more effective in the long term than would be an equivalent day-time
exposure (29). However it is known that in patients with mild to moderate disease, who develop
severe nocturnal desaturation because of obstructive sleep apnea, cor pulmonale and chronic
hypercapnia develop with less impaired lung function than in patients without sleep apnea (30,
31). These data suggest that nocturnal hypoxemia does accelerate the rate of progression of the
complications of chronic obstructive pulmonary disease.

Apart from the possible long-term consequences of nocturnal hypoxemia, the recurrent
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8 John R. Stradling and Eliot A. Phillipson

episodes of severe arterial desaturation during REM sleep appear to be associated with the
development of cardiac arrhythmias that could predispose to sudden death (32,33). In addition
because each episode of desaturation is usually terminated by a partial or complete arousal, the
sleep of patients with chronic obstructive pulmonary disease is often disrupted, with the
amounts of slow-wave and REM sleep tending to be reduced (17, 34, 35). The abolition of
episodic desaturation by supplemental oxygen appears to alleviate the tendency to cardiac
arrhythmias (32, 33) and to improve sleep quality in such patients (34, 35).

Treatment

Nocturnal oxygen treatment in patients with hypoxemic chronic obstructive pulmonary disease
has been shown to reduce long-term mortality (27, 29). Furthermore in stable patients such
treatment is associated with only small and clinically unimportant increases in Paco^ of 0.75 kPa
(5 mmHg) on average (35). In addition to reduced mortality, nocturnal oxygen treatment has
also been associated with other more immediate benefits, as noted above. Thus there would
appear to be little question that supplemental nocturnal oxygen can be of benefit in certain
patients. What is less clear is whether decisions regarding oxygen treatment should include an
analysis of nocturnal oxygenation. This uncertainty arises from the fact that there is a close
relationship between daytime and night-time oxygenation in patients with chronic obstructive
pulmonary disease (18). Hence it can be argued that little useful extra information about
hypoxic load is obtainable from an overnight sleep study. Indeed the long-term oxygen trials
that demonstrated the benefits of supplemental nocturnal oxygen used only daytime Pao2

values to define suitability for such treatment (27-29). On the other hand, the failure to study
patients during sleep may result in oxygen being prescribed for the 10 to 15 per cent of patients
with chronic obstructive pulmonary disease who also have unsuspected episodes of obstructive
sleep apnea (35). Supplemental oxygen in such patients may be detrimental or at least inap-
propriate. Thus pending further studies, the question remains unresolved as to the role of
overnight polysomnography in the management of hypoxemic patients with chronic obstructive
pulmonary disease.

In addition to nocturnal oxygen two alternative treatments to prevent nocturnal desaturation
in these patients have been investigated recently. The first is almitrine (36), a medication that
increases ventilation by stimulating the peripheral chemoreceptors, thereby increasing daytime
(and thus nocturnal) Pac>2 with attenuation of nocturnal arterial oxygen desaturation. Com-
pared with supplemental oxygen, this medication is not only more convenient but also achieves
a reduction of Paco2 levels. The other alternative to supplemental oxygen is assisted noctur-
nal ventilation by means of a negative pressure ventilator. Such treatment over a period of
weeks has been shown to reverse chronic hypercapnic respiratory failure (37). It is not clear
whether the mechanism involved in this improvement is one of respiratory muscle rest and
relief of muscle fatigue, or a resetting of the chemical respiratory drives.

OBSTRUCTIVE SLEEP APNEA (OSA)

The clinical importance of sleep apnea arises from the fact that it is a leading cause of excessive
daytime sleepiness (38). In addition sleep apnea may contribute to the development of pulmon-
ary hypertension and right heart failure, nocturnal cardiac arrhythmias, and possibly sudden
unexplained death during sleep (39,40). During the past decade it has evolved from a disorder
that was rarely recognized clinically to one of major medical proportions.

Sleep apnea is defined as a cessation of airflow at the nose and mouth during sleep. For
practical clinical purposes sleep apneas are classified into three types, central, obstructive and
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Breathing Disorders During Sleep 9

mixed (39,40), although the mechanisms underlying the three types are closely related (41). In
central apnea drive to all the respiratory muscles is abolished, whereas in obstructive apnea
there is continued activation of the diaphragm but an absence of airflow because of complete
occlusion of the upper airway at the oropharyngeal level. Mixed apneas, which begin as central
events followed by an obstructive component, are generally considered a variant of obstructive
apneas. Although central sleep apnea is by no means a rare disorder, obstructive sleep apnea
appears to be a more frequent cause of clinical manifestations, and hence will be the focus of
this review. The exact incidence of sleep apnea disorders is unknown, but may approach 1 per
cent in adult males (42).

Pathogenesis (Fig. 3)

The definitive event in obstructive sleep apnea is posterior movement of the tongue and soft
palate into apposition with the posterior pharyngeal wall, resulting in occlusion of both the
nasopharynx and oropharynx (43, 44). As a result of the obstruction to airflow the patient
becomes progressively asphyxiated until the apnea is terminated by a brief arousal from sleep,
coincident with which the patency of the upper airway is restored and airflow resumes. With the
resumption of breathing and relief of asphyxia, the patient returns to sleep, only to have the
sequence of events repeated over and over again.

The critical event leading to upper airway occlusion during sleep is the generation of a
subatmospheric airway pressure during inspiration as a result of diaphragmatic and intercostal

PATHOGENETIC FACTORS

OBSTRUCTIVE SLEEP APNEA

PRIMARY EVENTS

• Decreased or Unstable
Upper Airway Muscle
Activity

• Small Oropharyngeal
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• High Pharyngeal
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• High Nasal
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Onset of Steep
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PATHOPHYSIOLOGICAL
AND

CLINICAL CONSEQUENCES
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FIG 3. Schematic diagram of the primary sequence of events in obstructive sleep apnea, the
underlying pathogenetic factors, and the pathophysiological and clinical consequences.
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10 John R. Stradling and Eliot A. Phillipson

muscle contraction (45). When this pressure exceeds the stabilizing forces generated by
contraction of the dilator and abductor muscles of the oropharynx, passive collapse of the upper
airway results. Several pathogenetic mechanisms, both anatomical and functional, contribute
to the development of this critical collapsing pressure (46). The most important of these
mechanisms are the reduction and instability of drive to the dilator and abductor muscles of the
upper airway, characteristic of light NREM sleep and of REM sleep; and a geometrically small
upper airway lumen. It is not clear whether the sleep-induced changes in upper airway muscle
activity in patients with obstructive sleep apnea are greater than in healthy subjects (45,47). It is
clear however that agents such as alcohol (48, 49), or other sedatives (50) which selectively
decrease upper airway muscle activity in doses that have no effect on diaphragmatic drive (51),
can induce the disorder in susceptible individuals, and play a role in the pathogenesis of the
disorder in many patients. It has also become clear in recent years that the majority of patients
with obstructive sleep apnea have a structurally small oropharyngeal lumen (52,53) even in the
absence of obvious anatomical abnormalities such as micrognathia and retrognathia, adenoton-
sillar hypertrophy, macroglossia, or obesity. In addition to a reduction in oropharyngeal size,
there is an increase in pharyngeal compliance (54, 55), indicating that the pharynx is floppy and
easily collapsible In many patients varying degrees of nasal obstruction are also present. Such
obstruction is thought to predispose to oropharyngeal collapse by increasing the degree of
subatmospheric pharyneal pressure generated during inspiration, as the strength of diaphrag-
matic contraction is increased to overcome airflow resistance in the nose. Thus, based on these
concepts obstructive sleep apnea can be considered to result from the impact of normal or
possibly exaggerated sleep-induced changes in upper airway function, superimposed on
obvious or subtle abnormalities in upper airway structure.

Pathophysiology (Fig. 3)

The immediate consequence of upper airway occlusion during sleep is the interruption of
alveolar ventilation and development of progressive asphyxia. After a variable period of time,
ranging from 20 to 120 s, the asphyxia and other related stimuli result in arousal to a lighter stage
of sleep or in a brief outright awakening. Coincident with arousal there is activation of the upper
airway muscles and a resumption of airflow, followed by a return to sleep. Thus there develops
a periodic cycle of sleep and apnea alternating with arousal and breathing, such that in the fully
developed case sleep and breathing become mutually exclusive events (56). As a result the
patient is subjected to recurrent episodes of nocturnal asphyxia, and sleep fragmentation by
recurrent arousals. These two events, asphyxia and arousal, are the key physiological events
leading to the clinical manifestations of obstructive sleep apnea.

The degree of arterial oxyhemoglobin desaturation that develops during obstructive sleep
apnea is not simply a function of the duration of apnea (57). Equally important are the baseline
awake Pao?, which determines the position of the patient on the oxyhemoglobin dissociation
curve at the beginning of the apnea; and the lung volume (functional residual capacity) at which
the apnea begins, which determines the size of oxygen reservoir in the lungs during the apnea.
Thus baseline hypoxemia as a result of diffuse airways obstruction (chronic bronchitis or
asthma), or a reduced functional residual capacity as a result of obesity accelerate the rate of
arterial oxygen desaturation during each obstructive event. Similarly the termination of each
apnea by a momentary arousal response is not dependent solely on the degree of coincident
asphyxia, but also on the arousability of the central nervous system. Because arousal thresholds
to respiratory stimuli are elevated during REM sleep (58), obstructive apneas are typically
longer in this state of sleep and associated with more severe degrees of asphyxia (59). Alcohol
and medications that impair central nervous system arousability also prolong obstructive
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Breathing Disorders During Sleep 11

apneas (48, 49), as do the chronic sleep fragmentation and loss of slow-wave sleep that are
associated with recurrent obstructive sleep apnea (60, 61).

Clinical features (Table 1)

In most patients with clinically important obstructive sleep apnea, the disorder can be suspected
on clinical grounds, with the two most important features being snoring and excessive daytime
sleepiness (39,40,62). However the patient is commonly unaware of these symptoms, and it is
therefore important that a history be obtained from the spouse or other family members.
Snoring, indicative of incomplete upper airway obstruction during sleep, typically precedes
other symptoms by many years. When obstructive apneas develop, often following a period of
weight gain, the snoring acquires an intermittent pattern, being interrupted by periods of
silence during which the patient is seen to be making vigorous breathing efforts. The termina-
tion of each apnea by an arousal response is usually accompanied by abrupt, loud snoring or
gurgling sounds, and by flailing of the limbs or thrashing about in bed. Occasionally the patient
is aware of the recurrent awakenings from sleep and complains of insomnia, often with a
sensation of choking or dyspnea. More commonly the patient claims to sleep soundly
throughout the night Nevertheless most patients complain of awakening unrefreshed in the
morning, often with disorientation and mental fogginess, and occasionally with a headache.

TABLE 1. Clinical features of obstructive sleep apnea

Nocturnal Daytime

Snoring Unrefreshing sleep
Excessive motor activity Morning headache
Recurrent awakenings Excessive daytime sleepiness
Witnessed apneas Intellectual deterioration
Cardiac arrhythmias Pulmonary hypertension
Sudden death (?) Right heart failure

Systemic hypertension
Obesity
Small oropharynx

The most frequent daytime symptom of obstructive sleep apnea is excessive sleepiness.
Initially drowsiness and napping occur in situations conducive to sleep, but as the disorder
progresses, daytime sleepiness encroaches more and more into all daily activities. Furthermore
it is frequently associated with intellectual deterioration, memory loss, and poor judgement,
and with a history of industrial or automobile accidents and marital disharmony. Although the
degree of excessive daytime sleepiness is related to the severity of nocturnal sleep fragmenta-
tion (63), other unknown factors are probably also involved, since patients with an equal degree
of nocturnal sleep disruption may have widely differing degrees of daytime impairment.

Ten to 15 per cent of patients with obstructive sleep apnea develop sustained pulmonary
hypertension leading to right heart failure (39, 62, 64). These complications arise secondary to
the recurrent episodes of nocturnal asphyxia which induce acute pulmonary vasoconstriction
(65, 66). In the majority of patients pulmonary arterial pressures probably revert to normal
during wakefulness. However in those with sustained daytime hypoxemia (usually due to
diffuse obstructive airways disease), the nocturnal events may accelerate the development of
chronic pulmonary hypertension and eventually cardiac failure (64). Over 60 per cent of
patients with the disorder also have systemic hypertension (39,40,62), the mechanism of which
is not clear. While obesity is a contributing factor, snoring and obstructive sleep apnea per se
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12 John R. Stradling and Eliot A. Phillipson

appear to be associated with the development of hypertension (67, 68). Conversely among
patients with systemic hypertension there is evidence of an increased prevalence of obstructive
sleep apnea (69, 70).

The suggestion that the disorder may result in sudden unexplained death during sleep arises
from the observation that cardiac arrhythmias are common during the obstructive events (71-
73). In most patients the only arrhythmia is a moderate bradycardia of 30 to 50 per min during
the apneas, alternating with a tachycardia of 90 to 120 per min following the resumption of
breathing (72, 73). However in a small percentage of patients profound bradycardia develops
during the apneas, with periods of sinus arrest lasting 10 to 12 s and dangerous ventricular
premature beats or runs of ventricular tachycardia (72,73) The last events may result in sudden
death, although for obvious reasons the association has been difficult to establish. Alternatively
profound bradycardia or episodes of ventricular tachycardia may be associated with diminished
cardiac output, predisposing to cerebrovascular accidents or myocardial infarction in patients
with underlying vascular disease. However firm data to support these ideas are lacking.

Diagnosis

The typical patient with obstructive sleep apnea is a middle-aged or elderly male, mildly to
severely overweight and hypertensive, who presents with a history of snoring and excessive
daytime sleepiness (39, 40, 62). Many of the patients also give a history of chronic nasal
stuffiness, and have been told that they thrash about considerably during their sleep. Physical
examination is typically normal apart from obesity, mild to moderate hypertension, and a
somewhat small oropharyngeal lumen. However it should be noted that this stereotypic clinical
description does not apply to all patients with the disorder, since it also occurs in children and
young adults, women, and non-obese individuals, and not all patients complain of excessive
daytime sleepiness.

In the patient with a clinical picture typical of obstructive sleep apnea, the diagnosis can often
be confirmed by observation of the patient during sleep together with relatively simple screen-
ing tests. The most useful tests are overnight Holter cardiac monitoring demonstrating cyclical
fluctuations in heart rate (74); and overnight ear oximetry demonstrating recurrent episodes of
arterial oxygen desaturation (Fig. 4). However the exact role of these screening tests in the
diagnosis of the disorder has not been established because their sensitivity, specificity, and
diagnostic accuracy has yet to be determined. Therefore the definitive diagnosis of the disorder
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FIG. 4. Recorder tracings of arterial oxygen saturation (Sao2) measured by ear oximetry, and of
transcutaneous Pcc>2 (Ptcco?) in a patient with obstructive sleep apnea. Note typical recurrent
episodes of desaturation, with the more severe episodes occurring during REM sleep.
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FIG. 5. Recorder tracings in a patient with obstructive sleep apnea (same patient as in Fig. 4).
Abbreviations as in Fig. 2. Upper and lower panels form a continuous record. Patient is in REM
sleep, and is apneic throughout the record until arousal and a resumption of airflow (at the arrow).
Note that during the apnea Sao2 falls progressively and heart rate slows. During the apnea, the
ribcage moves in (downwards) when the abdomen moves out (upwards), indicating that the apnea is
obstructive in type and that breathing efforts continued.

often requires a detailed polysomnographic study (Fig. 5), although there is considerable
controversy as to the number of physiological variables that should be recorded in a patient with
suspected obstructive sleep apnea. Conventionally such studies include recording of the EEG,
EOG, and submental EMG, which permits an analysis of the amount of sleep and its distribu-
tion among the various stages, and an assessment of the degree of sleep fragmentation by brief
arousals (2). In addition some index of airflow is recorded to identify apneas, as well as
measurement of thoracoabdominal motion which usually permits distinction of central and
obstructive apneas (56). Finally heart rate and arterial oxygen saturation (by ear oximetry) are
measured in order to assess the severity of the consequences of apnea.
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14 John R. Stradling and Eliot A. Phillipson

Although overnight polysomnography can identify the occurrence of apneas during sleep,
determination of the clinical importance of these events depends upon several considerations.
Until recently a sleep apnea disorder was said to exist if a patient experienced five or more
apneas per hour of sleep (30 or more per night) (39). However a number of recent studies have
shown that healthy asymptomatic individuals may demonstrate five to 10 apneas per hour of
sleep (75, 76). In our experience patients with symptoms related to obstructive sleep apnea
usually experience 20 or more obstructive events and brief arousals per hour of sleep. Therefore
in symptomatic individuals with fewer than 20 such events per hour, it is important to exclude
other disorders that may in fact be the cause of the patient's excessive daytime sleepiness,
including drug effects, narcolepsy, nocturnal myoclonus, non-restorative sleep syndromes,
neurologic disorders, psychiatric disturbances, and simply insufficient sleep (38).

Treatment

A multitude of different treatments has been proposed for patients with obstructive sleep apnea
but most of these approaches have not been subjected to rigorous trials (77). However there is
broad agreement that several general measures are indicated, including the avoidance of
alcohol or other central nervous system depressants, and weight reduction in obese individuals.
In patients with obvious nasal narrowing, or pharyngeal pathology such as adenotonsillar
hypertrophy, medical or surgical correction is indicated and is often very beneficial (78-82).
However for the majority of symptomatic patients with moderate to severe obstructive sleep
apnea, for whom the above measures are either not indicated or are not sufficient, there is
considerable controversy regarding management. Three different approaches have been
recommended: pharmacological, surgical, and mechanical. The most effective medications are
the tricyclic antidepressants such as protriptyline (83), which appear to function by increasing
the tone of the upper airway muscles (84). Whether such medications provide long-term
improvement in patients with severe obstructive sleep apnea has not been established. The
most popular surgical approach is uvulopalatopharyngoplasty which is designed to increase the
size of the oropharyngeal lumen by removing redundant soft tissues (85). Although this
procedure provides short-term improvement in about 50 per cent of cases, its long-term efficacy
has not been established. Thus the most effective current treatment for the disorder is the
application of a continuous positive pressure to the airway through the nose (nasal CPAP) (86).
This positive pressure serves as a pneumatic splint that prevents the development of a critical
subatmospheric collapsing pressure. Nasal continuous positive airway pressure appears to be
well tolerated by most patients and is highly effective (87) Therefore in many centres it is
currently the treatment of choice, even in patients with dangerous cardiac arrhythmias, severe
arterial oxygen desaturation, or profound daytime somnolence. If the technique cannot be used
in such patients or is not effective, tracheostomy is indicated and usually provides immediate
relief by bypassing the site of oropharyngeal obstruction during sleep (88, 89). However in
many centres tracheostomy is now performed rarely, if at all, having been replaced by nasal
continuous positive airway pressure.
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