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Abstract Sleep apnoea (SA) is a common sleep disorder affecting 4 to 25% of the adult
population. The most common form, obstructive SA, is characterised by recurrent
upper airway obstruction during sleep associated with sleep disruption and
hypoxaemia. There is increasing evidence that SA leads to impaired vigilance,
quality of life, driving accidents and probably represents a vascular disease risk
factor. Currently, the most effective treatments are aimed at increasing upper airway
space by either air pressure [(continuous positive airway pressure (CPAP)], upper
airway surgery or oral appliances. CPAP is the main treatment modality for mod-
erate to severe SA but noncompliance approaches 50% in clinic populations. A
number of pharmacological agents have been used in SA but at this stage, none
are indicated in moderate to severe SA.

"Laugh and the whole world laughs with you;
snore and you snore alone"

Anthony Burgess, British author.

1. What Is Sleep Apnoea?

Sleep apnoea (SA) forms part of a spectrum of
conditions linked by the loss of a normal pattern of
breathing during sleep. At one end of this spectrum
are individuals who snore (perhaps only intermit-
tently) and have little or no disruption of sleep, so
called ‘simple snorers’. At the other end of the
spectrum are patients with severe gas exchange dis-
turbances in sleep with secondary awake respira-
tory failure. The spectrum of breathing disorder
relevant for therapeutic assessment usually starts
with individuals who snore heavily disturbing their
partners. Over 30% of these heavy snorers have
some degree of upper airway obstruction in sleep
resulting in partial (hypopnea) or complete (ap-
noea) pauses in breathing. In practical terms, indi-
viduals with repeated hypopneas or apnoeas are la-
belled as having ‘SA’.

Simple snorers exhibit vibration of the palate
and adjacent tissue as the airway narrows during
sleep (fig. 1). In SA, there is more marked narrow-
ing or even total airway occlusion. There are 2
types of SA – the more common obstructive SA,
where repeated interruption of airflow during sleep
is associated with futile respiratory efforts, and
central SA, where there are no real efforts to
breathe (see section 2). Often both forms coexist in
the same patient. With cessation or reduction of
airflow, progressive hypoxaemia develops. Apneic

events are typically terminated by arousal and up-
per airway patency is re-established. Arousals may
result from activation of chemoreceptors, sensa-
tion of increasing respiratory effort or local sensory
reflexes in the upper airway. In the typical patient
with SA, after a few deep breaths (often loud
snores), the cycle of events is repeated as often as
200 to 600 times per night. As a result of recurrent
arousals, sleep is dramatically fragmented with
loss of normal sleep architecture. This, in turn, re-
sults in loss of vigilance or even severe sleepiness
during the day. In extreme cases, there are patients
with severe respiratory failure in sleep (‘hypo-
ventilation‘) and some respiratory failure awake.

2. Pathophysiology

2.1 Obstructive Sleep Apnoea

Upper airway closure occurs when the pharyn-
geal intraluminal pressure (suction pressure ap-
plied to upper airway in inspiration) exceeds the
forces that dilate the pharynx.[1] Therefore, in most
cases of SA, 2 sets of opposing forces and anatom-
ical components determine the state of the upper
airway in sleep. The anatomical components are
airway size and the physical properties of the pha-
ryngeal walls; the forces include muscle tone/func-
tion, tissue weight and intraluminal (suction) pres-
sure. In turn, muscle tone and suction pressure are
influenced by sleep stage and relative respiratory
drive to the diaphragm versus the upper airway di-
lator muscle. Most studies report that patients with
SA have reduced upper airway dimensions.[2] In a
patient with reduced upper airway size, greater suc-
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tion pressure is generated in inspiration. In the
awake state, there is reflex compensation by in-
creased upper airway dilator muscle activity, nor-
malising airflow resistance.[3] However, during sleep,
upper airway muscle activity falls, particularly in
the genioglossus, resulting in airway occlusion in
patients with SA.[4]

Apart from upper airway motor defects, there
may be defects in sensory mechanisms that nor-
mally protect the upper airway from closure.[5] In
patients with SA, clinical and histopathological
changes have been identified that suggest that
chronic airway vibration from snoring and re-

peated occlusion may produce a defect in sensory
control. Obesity also increases the likelihood of
upper airway collapse presumably secondary to in-
creased lateral airway fat pad size as well as chest
and abdominal loading of the respiratory system in
sleep. In some cases, obesity will cause obesity-
hypoventilation syndrome (OHS, formerly Pick-
wickian syndrome). Patients with OHS are charac-
terised by profound hypoxaemia during sleep,
particularly REM sleep, and awake respiratory
failure with elevated carbon dioxide levels.

2.2 Central Apnoea

The term ‘central apnoea’ refers to a form of
apnoea where breathing effort is not detected, in
contrast to obstructive apnoea where breathing
efforts are often vigorous. It is important to differ-
entiate ‘central apnoeas’ which tend to occur in
patients with awake hypercapnia and reduced re-
spiratory drive (hypoventilation syndromes) from
central apnoeas classically occurring as part of the
periodic breathing in patients with cardiac failure
or stroke,[6] so-called Cheyne-Stokes breathing.
Sporadic central apnoeas may also occur in pa-
tients with obstructive SA. The aetiology of central
apnoea in the nonhypoventilating patient [i.e. nor-
mal CO2 tension (pCO2) awake] is complex, in-
volving interplay between respiratory control (of-
ten, heightened chemoreceptor drive to hypoxia
and hypercapnia) and upper airway narrowing.[6]

Central apnoea with normal awake pCO2 is very
rare in patients who do not have cardiac failure or
stroke.

2.3 Implications for Therapy

The therapeutic implications of SA pathophys-
iology are listed in table I.

3. Clinical Epidemiology

The dominant symptoms associated with SA are
listed in table II. Sleepiness may be severe leading
to sleep ‘attacks’ while driving (‘active sleepi-
ness’) or may manifest itself as a constant struggle
to stay awake during monotonous tasks with sleep

Normal

Simple snoring

Obstructive apnoea

Fig. 1. Illustration of upper airway changes with simple snoring
and obstructive apnoea. In simple snoring there is some nar-
rowing of airway during sleep compared with normals but in
obstructive sleep apnoea, complete closure occurs.
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occurring immediately on having a rest (‘passive
sleepiness’). The patient is often unaware of the
condition and treatment is sought by spouse, bed
partner or other family members. Clinical impres-
sion as a method of detection of SA is associated
with a surprisingly poor specificity and sensitiv-
ity.[7] Symptoms such as daytime sleepiness are
common in the general community and may be sec-
ondary to lack of sleep, medications or other sleep
disorders. Snoring may also be underestimated be-
cause the partner is not present at interview or the
patient lives alone.[7]

3.1 Prevalence and Correlates of 
Sleep Apnoea

SA is very common. Approximately 9% of fe-
male and 24% of male middle-aged public servants
have more than 5 apnoeas per hour of sleep, and
using a cut-off of 15 apnoeas and hypopnoeas per
hour, 4% of women and 9% of men had SA.[8] Up-
wards of 80% of middle-aged men snore and 25%
of heavy snorers have SA.[9]

All epidemiological investigations have consis-
tently shown that obesity, especially central obe-
sity, is strongly associated with adult sleep disor-
dered breathing.[10] In Sweden, over 50% of obese

men and one-third of obese women report habitual
loud snoring compared with 15.5% of men in the
general population.[11] Studies based only on ques-
tionnaires also underestimate the prevalence of SA.
SA is about 2 to 3 times more common in men,
particularly in younger age groups. This is explained
by the higher and earlier prevalence of central obe-
sity in men although it is possible that the upper
airway in women is less prone to occlusion in
sleep.[12] The exact relationship between SA and
age is unclear. SA is more common in middle-aged
males than younger patients. It also appears more
common in infants and children compared with ad-
olescents and young adults. SA may be less preva-
lent in elderly patients and it has been speculated
that this is evidence for a deleterious effect of SA
on mortality.

SA also aggregates in families.[13] Individuals
with familial retrognathia or brachycepahlic ap-
pearance are very prone to upper airway narrowing
in sleep. Approximately 40 to 50% of variance in
apneic activity can be attributed to familial factors.
This, in turn, has been linked to a familial associa-
tion between SA and sudden infant death syn-
drome. Other important related factors include
race, where there appears to be higher prevalence

Table I. Possible therapeutic approaches in sleep apnoea based
on pathophysiology

Approach Examples

Widening upper airway space Nasal CPAP

Upper airway surgery

Oral appliances

Anti-obesity agents

Increasing upper airway muscle
activity in sleep

Electrical pacemaker
?Serotinergic agents

Modulating respiratory control Carbon dioxide

Triazolam

Reducing REM sleep Tricyclic antidepressants

Clonidine

Minimising hypoxaemia or
neuroprotection

Oxygen
?Sabeluzole

Sleepiness reduction Stimulants

Modafinil

Suppressing arousals Hypnosedatives

CPAP = continuous positive airway pressure.

Table II. Symptoms of sleep apnoea

Sleep related
Heavy snoring

Witnessed apnoeas

Choking, gasping, nocturnal panic

Upper airway symptoms: dry mouth, sore throat, mucus
production, chronic cough

Chest discomfort, palpitations

Nocturia (secondary to excessive nocturnal urinary output)

Gastro-oesophageal reflux

Daytime symptoms
Excessive daytime sleepiness

Morning headaches

Fatigue

Poor memory and concentration

Impaired mood

Upper airway symptoms: dry mouth, sore throat, mucus
production, chronic cough

Chest discomfort, palpitations
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in young African Americans, Mexican Americans,
and urbanised Polynesians, possibly related to pre-
disposition to central obesity.[7]

Although acute alcohol ingestion worsens snor-
ing and SA, it is controversial whether lifetime al-
cohol consumption may be a risk factor for the de-
velopment of SA. Current but not past smoking
may be a dose-dependent risk factor for SA.[14]

Apart from obesity, conditions causing narrowing
of the upper airway will promote the development
of SA. These include fixed upper airway lesions
(e.g. nasal obstruction, enlarged tonsils), macro-
glossia (acromegaly, amyloid, hypothyroidism) or
neurological conditions impairing upper airway
muscle tone. For example, 60% of patients with
acromegaly have some degree of SA.[15]

3.2 Measuring Sleep Apnoea

Unfortunately, there is no agreed definition of
SA. As outlined in section 1, there is a spectrum of
disease and no particular cut off point where nor-
mality ends and disease begins. In some ways this
is not unlike disease cut-offs for hypercholesterol-
aemia or diabetes mellitus where definitions change
as research accumulates on the impact of having a
fasting blood sugar or cholesterol level above or
below a certain point. With respect to SA, much of
this type of longitudinal information is lacking be-
cause of the expense of detailed prospective sleep
investigation of large community populations and
the availability of effective treatment, such as nasal
continuous positive airway pressure (CPAP).

In the past, most researchers used a working
definition of 5 apnoeas per hour of sleep (apnoea
index >5) to define SA. However this is an arbi-
trary cut-off which allowed researchers to commu-
nicate in a common ‘language’. As SA is increas-
ingly recognised as a common disorder, such
definitions are being reconsidered because airflow
cessation may be incomplete. Indeed it may be that,
for different complications of SA, different meas-
urements may be important. For example, the im-
portant measurement index for daytime sleepiness
may be some measure of arousals and sleep frag-
mentation, while for hypertension the magnitude

of the blood pressure (BP) changes during apnoea
and arousal may be more important.

Other researchers have emphasised the impor-
tance of considering symptoms rather than only
measurement of abnormal breathing during sleep.
The term ‘sleep apnoea syndrome’ (SAS) has been
used to describe individuals with objective evi-
dence of SAand symptoms. The prevalence of SAS
(apnoea/hypopnoea index >5 and marked daytime
sleepiness) is 4% in men and 2% in women.[8]

However, there are problems with this approach as
sleepiness is common in the community and not
always attributable to SAS even in those with ab-
normal breathing events. Sleep loss/deprivation is
a common feature of modern lifestyle and the re-
sulting daytime sleepiness may be coincidental to
coexisting mild forms of SA.

Under ideal circumstances, a full sleep study is
the most appropriate investigation for assessing SA
but this is expensive. If current epidemiological
surveys are matched by outcome data, full sleep
studies may need to be minimised by using limited
respiratory monitoring. However large trials of the
cost benefit and reliability of home monitoring of
patients with SAhave not been performed. It is also
important to differentiate ‘screening’ of asymp-
tomatic individuals from patients who present with
symptoms. Based on current knowledge, there is
no justification to routinely screen for SA as we do
for high cholesterol or hypertension. However, pa-
tients presenting with sleepiness or other apparent
complications of SA, may justify investigation.

4. Sequelae of Sleep Apnoea

4.1 Cardiovascular

Patients with SA clearly have acute cardiovas-
cular changes as an immediate consequence of
their breathing disturbance. However, it is more
controversial whether these acute changes lead to
chronic disturbances in cardiovascular function or
an increased incidence of vascular end-points.[16]

4.1.1 Acute Effects
Obstructive apnoeas are accompanied by pro-

found haemodynamic changes including increases
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in systemic and pulmonary arterial BP. With pro-
gressive apnoea, there is worsening hypoxaemia,
increasing pleural pressure swings, bradycardia
(and possibly bradyarrhythmias), heightened sym-
pathetic nerve activity (SNA) and an overall rise in
BP (fig. 2). With arousal and resumption of venti-
lation, oxygen saturation returns to normal. There
are marked increases in heart rate and BP may rise
to levels ranging from 200 to 300mm Hg. SNA
increases, but this appears to be rapidly interrupted
prior to the post-apnoea peak in BP. There is a fall
in stroke volume during apnoea, particularly at ap-
noea termination. Therefore, the combination of a
fall in stroke volume and rise in BP suggests a sub-
stantial increase in total peripheral resistance.

4.1.2 Chronic Effects
In experimental models of sleep apnoea, ‘ex-

posed’ animals clearly develop a reversible eleva-
tion of mean arterial pressure.[17,18] Patients with
SA are characterised by markedly elevated sympa-
thetic nerve traffic in the awake state and a potent
pressor response to eucapnic hypoxia compared
with controls.[19] This pressor response is related to
disease severity and likely to be the result of expo-
sure of the cardiovascular system to intermittent
hypoxia during sleep. Patients with SA have in-
creased left ventricular mass (measured using
echocardiography) compared with patients without
SA with similar daytime BP values.[20] Some work-
ers have suggested SA may produce idiopathic di-
lated cardiomyopathy which reverses with nasal
CPAP therapy.[21] Pulmonary hypertension may oc-
cur in the absence of lung disease.[22] SA is a com-
mon finding in clinic patients with hypertension,
but this may be due to shared confounding factors
such as central obesity and increasing age. A num-
ber of more recent studies have strongly suggested
that SA is a risk factor for hypertension inde-
pendent of obesity.[23,24]

The advent of nasal CPAP has prevented large
studies investigating the natural history of un-
treated severe SA. However, in certain sleep disor-
der centres established in the 1970s, long term data
is available suggesting that mortality risk is in-
creased in untreated SA.[25] A number of groups

have reported an increased risk of myocardial in-
farction and stroke in SA.[26-28] Interestingly, long
term hospitalisation with a cardiorespiratory diag-
nosis was markedly reduced in CPAP-treated pa-
tients.[29] The ongoing multicentre Sleep Heart
Health study in the US may assist in the future in
determining the influence of SA on health out-
come.[30]

4.2 Psycho-Social Effects

Sleepiness in SA is predominantly related to re-
petitive arousal and sleep fragmentation, but a
direct effect of hypoxaemia is possible. SA is
also characterised by a range of excessive daytime
sleepiness from simply increased sleep time in a
previously short sleeper to virtual obtundation.
Sleepiness may lead to both impaired work perfor-
mance[11] and driving.[31] Although poor perfor-
mance in simulation tasks may be overcome by
greater vigilance in the real-life situation, data
from a number of centres demonstrate a higher ac-
tual accident rate in patients with SA compared
with controls. Treatment with nasal CPAP dra-
matically improves daytime sleepiness and even
driving simulator performance.[31] Patients with
SA also demonstrate decrements in performance in
higher level cognitive testing including impaired
memory. Quality of life (QoL) is also impaired.
Data from the Swedish Obese Subjects study[11]

SNA

RESP

BP 100

200

0

OSA OSA OSA

20 sec

Fig. 2. Changes in sympathetic nerve activity (SNA), respiratory
effort (RESP) and blood pressure (BP) during long obstructive
apnoeic episodes (OSA). BP and SNA increase as the episode
progresses with a surge at apnoea termination.
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indicates that in equally obese men and women, a
history of SA is associated with impaired work per-
formance, increased sick leave and a much higher
divorce rate.

5. Nonpharmacological Treatment

5.1 Conservative Therapy/Lifestyle Factors

Some studies have suggested that reduction of
smoking and alcohol consumption will lead to re-
duced self-reported snoring and reverse mild SA.[32]

Avoiding sleep deprivation may be important as
sleep loss may reduce upper airway tone and respi-
ratory drive.[33] A number of studies have demon-
strated a reduction in SA severity after bodyweight
loss, either through caloric restriction or bariatric
surgery. However, most of these studies report short
term results and are uncontrolled. Another ap-
proach is to try and minimise sleep time spent in
the supine position as there a number of patients,
in whom SA is positional.

5.2 Devices

5.2.1 Nasal Continuous Positive Airway Pressure
Until the early 1980s, tracheostomy was the

main form of treatment available for patients with
SA and was usually performed on patients with
severe symptomatic disease with cardiorespiratory
failure. The advent of nasal CPAP in 1981 revo-
lutionised the management of SA and allowed a
wider range of patients to be treated.[34] CPAP is
generated by a electro-mechanical blower which de-
livers airflow via wide-bore tubing to a nasal mask
with a fixed expiratory resistance. Adjustment of
flow allows a varying pressure to be generated at
the nares. The therapeutic pressure is usually de-
termined by a sleep study when pressure is in-
creased steadily during sleep until apnoea, snoring,
hypoxaemia and associated arousals are eliminated.
When the correct pressure is set, there is often a
‘rebound’ of deep sleep. It is important to stress
that CPAP is not a cure for SA. Cessation of treat-
ment will lead to a recurrence of sleep-disordered
breathing and accompanying symptoms, although

with regular CPAP use there is a decrease in the
underlying level of SA severity.[35]

Anumber of randomised studies comparing CPAP
with oral placebo, ‘sham’ CPAP or conservative
treatment demonstrate positive outcomes with re-
duction in sleepiness and improvement in QOL.[36,37]

However, it is important to note that these trials are,
in effect, unblinded and not controlled in the same
sense as therapeutic drug trials. Nasal CPAP is hard
to ‘blind’ and even ‘sham’ CPAP machines with
lower delivered pressure may be obvious to patients.
Nevertheless, the compelling positive outcomes of
these randomised studies and over 15 years of ‘be-
fore and after’ studies make nasal CPAP the gold
standard therapy of moderate to severe degrees of
SA.

Unlike some medications, detailed compliance
studies are possible with nasal CPAP. The latest
CPAP devices are now configured so that it is pos-
sible to detect the length of time that CPAP masks
are actually on the patient. Studies using such de-
vices show that CPAP compliance is variable and
up to 50% of patients prescribed CPAP have diffi-
culty with compliance.[35] Problems affecting com-
pliance with nasal CPAP include a sense of claus-
trophobia, mask air leaks, nasal congestion and
dryness of the mouth and throat (usually associated
with mask or mouth airleaks), and the inconve-
nience or non-acceptance of using a machine. Pa-
tient compliance is higher in patients with a greater
degree of symptoms irrespective of the underlying
degree of SA and also in patients receiving close
support and education. Over the past few years,
there have been an increasing number of techno-
logical advances in CPAP design with better fitting
and sealing masks, built in humidification to reduce
nasal adverse effects, and smaller, quieter motors.
Recently, CPAP machines have been developed
with special inbuilt sensors that automatically ad-
just to provide the lowest pressure needed to keep
the upper airway patent.[38] It would be expected
that these changes will improve compliance to
some extent, although interestingly the actual pres-
sure level set on the CPAP device is unrelated to
compliance.[39] However, despite these technical
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advances, there will always be a significant propor-
tion of patients with SA who will reject CPAP ther-
apy.

Devices that allow variation between the set in-
spiratory and expiratory pressures, known as bi-
level positive airway pressure, were originally in-
troduced to improve compliance in CPAP users.[40]

Although this compliance-improving role is un-
proven, this form of positive airway pressure ther-
apy has been used increasingly in the management
of severe respiratory failure in sleep, such as OHS
and other hypoventilation syndromes.

5.2.2 Mandibular Advancement Splints
A more recent approach has been the develop-

ment of oral appliances which aim to create more
airway space in sleep by forward movement of the
mandible, tongue or both.[41] Reasonable results
have been described for mild to moderate SA in
before and after studies. Controlled data is becom-
ing available which support further larger and more
detailed studies of these devices. Adverse effects
include jaw discomfort, excessive salivation and sore
teeth. Long term effects on tempero-mandibular
joint function are unavailable. Compliance is diffi-
cult to measure.

5.2.3 Upper Airway Electrical Pacemaker
A challenging therapeutic concept is the use of

electrical pacing to increase upper airway dilator
tone when the airway is occluding.[42] Although
there has been some promising animal data, long term
function of these complex devices and their effi-
cacy is currently unavailable.

5.3 Surgery

5.3.1 Tracheostomy
Prior to the introduction of nasal CPAP as a

treatment for SA, tracheostomy was the only effec-
tive therapeutic modality. Tracheostomy is only
currently indicated in patients with severe SA who
have been unable to comply with CPAP or related
therapies. Tracheostomy can produce significant
morbidity and may be a problem in the morbidly
obese fat-necked individual. However, with skilful

minimalist surgery and close follow-up, tracheos-
tomy may be a therapeutic option in some patients.

5.3.2 Facial Reconstructive Surgery
Many patients with SA have abnormalities in

facial structure on cephalometry and correction of
such factors by maxillofacial surgery (mandibular
advancement, maxillo-mandibular surgery) may
lead to cure in SA. However, the correlation of me-
chanical characteristics of the pharyngeal airway
with cephalometry is only indirect and, moreover,
such surgery is expensive, potentially requiring
several operative procedures. Exact selection cri-
teria are not available for this form of surgery, al-
though it would appear to be inappropriate for
obese patients.[43] Some younger patients may opt
for this surgery in the future to avoid long term use
of nasal CPAP.

5.3.3 Uvulopalatopharyngoplasty
Uvulopalatopharyngoplasty (UPPP) was devel-

oped for the treatment of heavy snoring in Japan in
the early 1950s and involves a careful removal of
uvula and part of the soft palate.[44] Despite early
enthusiasm, the operation has never lived up to its
promise as a ‘cure’ for SA.[45] Accumulated data
from many studies over the past decade suggests
caution in performing this form of surgery for SA.
There are no preoperative tests which satisfactorily
predict the response to surgery. There is a signifi-
cant morbidity and even, mortality.[46] Excessive
removal of palatal tissue will lead to velopharyn-
geal incompetence and nasal regurgitation and
speech changes, although these adverse effects are
less with more experience with UPPP. Many stud-
ies report particularly poor results in obese patients.
However, meaningful outcome data are lacking.
There may be a ‘placebo’ effect in UPPP and in
some cases of mild SA, the improvement may re-
flect night-to-night variability. There are no large
trials of UPPP controlled by conservative therapy,
oral placebo or other modalities.[47] Recently, there
has been great enthusiasm for UPPP performed
with a surgical laser or radiofrequency ablation
aiming at stiffening or shrinking palatal tissue
rather than complete removal. No well designed
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studies show any advantage of these techniques
over conventional UPPP.

6. Pharmacological Treatment

6.1 Introduction

Considering the clear limitations of nasal CPAP
and other currently available treatment modalities
for patients with SA, the extraordinarily high prev-
alence of sleep apnoea and the profound impact of
SA on daytime performance and cardiovascular
function, it is surprising that there have been few
systematic attempts to identify drug treatments for
SA. To date, no drug has proven to have a short
term efficacy comparable with CPAP in large clin-
ical trials.

There are number of issues pertinent to devel-
oping drug treatment of SA. Firstly, there is no ab-
solute consensus on the best way of measuring the
severity of sleep apnoea and its complications and,
in addition, at the milder end of the disease spec-
trum, factors such as night-to-night variability may
affect measurement of treatment efficacy. Second-
ly, different pathophysiological subtypes of SA
may exist and these subtypes may be selectively
suitable for pharmacological treatment. For exam-
ple, there are minimal data on the neurotransmit-
ters involved in upper airway control. Although
upper airway obstruction may be the end mecha-
nism of disease, this in turn may be produced by
reduction in one neurotransmitter or excess of an-
other. Thirdly, there are no established animal models
of SA useful for drug development. Finally, it may
be important to develop disease-specific outcome
measures in QoL and daytime symptoms in these
patients with mild disease. These measurements
are crucial because, as discussed in section 3.1, up
to 15 to 20% of adults have mild degrees of SA, a
situation which has been described as a serious po-
tential public health problem.[48]

6.2 Obstructive Sleep Apnoea

6.2.1 Tricyclic Antidepressants
The first trials suggesting a beneficial effect of

the nonsedating tricyclic antidepressant protriptyl-

ine on SA were published in the early 1970s.[49]

The efficacy of protriptyline is highly variable de-
pending on the type of outcome variable measured
and the study population. A daily dosage of 2.5 to
30mg administered over 2 to 24 weeks has been
shown to result in a 5 to 75% reduction in SA
events in patients with OSA.[50-52] However, al-
though dramatic effects have been described in sin-
gle patients, most trials have included fewer than
10 patients, often in nonplacebo-controlled de-
signs. Moreover, protriptyline is well known to re-
duce REM sleep, a sleep stage which is commonly
associated with increased apnoeas in patients with
SA. Thus, reduction of REM sleep may account for
the overnight apnoea reducing effect of protriptyl-
ine.[50] This sleep stage altering effects of certain
drugs is an important consideration in clinical drug
studies in sleep apnoea.

In addition, the improvement of symptoms as-
sociated with daytime somnolence suggests that ef-
fects other than reduction of apnoeas may be of
importance. For instance, masked or coexisting de-
pression is not uncommon in patients with OSA
and it is possible that at least part of the protriptyl-
ine effect in this context may be explained by its
antidepressive properties. In addition, the treat-
ment effect may be due to a REM sleep restriction,
which has been suggested to reduce daytime hyper-
somnolence in patients without SA.[53]

Protriptyline is also not unique amongst tricy-
clic antidepressants in therapy of SA. Imipramine,
which is a less selective noradrenaline reuptake in-
hibitor, was found in 2 uncontrolled studies,[54,55]

to exert similar effects to protriptyline. One report
has suggested the response may be even greater in
central SA.[8]

The mode of action of these agents is not really
known. There is also a need for larger, controlled
and prospective trials to confirm the effects of tri-
cyclic agents in OSA. Such trials could also lead
to a better identification of subgroups of patients
that are particularly good responders to therapy.
For instance, it is possible that tricyclic antidepres-
sants are more useful in patients with highly REM-
dependent OSA. Furthermore, patients with mild
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sleep apnoea and coexisting depression may con-
stitute a specific target group. Finally, the use of
tricyclic agents in OSA is constrained by relatively
frequent adverse effects including bladder atonia and
impotence in men. Thus, female patients with SA
may constitute the preferable target group for treat-
ment.

6.2.2 Serotonergic Agents
The considerable interest in serotonergic agents

and OSA derives from an early trial of the serotonin
(5-hydroxytryptamine; 5-HT) precursor tryptophan
which was found to induce a moderate reduction of
obstructive apnoea.[56] The subsequent development
of selective serotonin reuptake inhibitors (SSRIs)
has provided new tools for investigation in this
field. An approximately 40% reduction of apnoea/
hypopnea index, mainly during non-REM (NREM)
sleep, was reported in a nonblind trial of fluoxet-
ine.[57] The effect was comparable with that of pro-
triptyline although fluoxetine treatment was asso-
ciated with significantly fewer adverse effects. The
SSRI paroxetine produced an approximately 20%
response on respiratory disturbance index (RDI)
during NREM sleep in a double-blind controlled
study.[58]

Interest in serotonergic drugs has also been
stimulated by studies of central serotinergic trans-
mission in certain animal experimental models of
SA. Stimulation of 5-HT2 receptors in the cat brain
stem facilitated hypoglossal nerve activity with a
potentially beneficial effect on upper airway patency
in cats.[59] Reciprocally, in the English bulldog, in-
hibition of 5-HT2 receptors led to a diminution of
upper airway muscle activity.[60] Interestingly, pa-
roxetine has been reported to reduce the frequency
of apnoeas more than hypopnoeas.[58] The un-
changed hypopnea frequency probably represents
a balance between a shift from complete to partial
airway occlusion episodes (increasing hypopnea
frequency) and resolution of some hypopneas. This
would support an improvement of upper airway
stability in response to a stimulation of serotonin
transmission. It remains unknown whether this ef-
fect is attributable to a specific subpopulation of
serotonergic receptors and if the treatment effect

may be enhanced with the introduction of specific
serotonin subreceptor agonists. This may be re-
solved by future trials directed towards exploring
the efficacy of such compounds.

At present it appears as if serotonergic agents
would be preferable to tricyclic agents by virtue of
an approximately similar efficacy, but fewer ad-
verse effects. Serotonergic agents appear to have a
reasonable effect on SA during NREM sleep and to
be less effective during REM. However, because of
a limited overall efficacy and the lack of long term
data, general treatment in OSA by these agents is
not warranted unless treatment with nonpharma-
cological modalities like CPAP is unsuccessful.

6.2.3 Sex Steroids
The epidemiological preponderance of SA in

men versus women and increased prevalence in
post- versus premenopausal women has suggested
a protective effect of sex steroids against SA.
Moreover, awake genioglossus electromyogram
activity is lower in post- compared with premeno-
pausal women, and estrogen and progesterone re-
placement in postmenopausal women resulted in a
significant increase of muscle activity.[61] Despite
this, hormone replacement therapy in postmeno-
pausal women,[62] use of anti-androgens in men[63]

or administration of medroxyprogesterone (MPG)
to male patients[64,65] with SA have proved disap-
pointing with no reduction in apnoeic events dur-
ing sleep.

In contrast, MPG appears to have a beneficial
effect in breathing disorders associated with day-
time hypercapnia. The ventilatory stimulant effect
of MPG has been well documented in different an-
imal models.[66,67] Hypercapnia in patients with the
‘Pickwickian syndrome’ (in reality patients with
OHS) was reduced and recurred after withdrawal
of MPG treatment.[68] This beneficial effect, which
has been repeated in other studies of patients with
obesity and hypercapnia, appears to have an ex-
tended duration in women.[69] It also implies that
MPG may be successfully used in hypercapnic
conditions and in particular those associated with
nocturnal hypoventilation. The potential adverse
effects of MPG, which clearly limit its applicability
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in SA, include impotence, breast discomfort, hirsu-
tism, alopecia and thromboembolic disease. How-
ever, ongoing and future trials in specific sub-
groups of patients with hypercapnic ventilatory
failure may help to identify target groups for treat-
ment. At present, the only role for MPG is in the
management of patients with SA with awake respi-
ratory failure and noncompliance with CPAP or
pressure support ventilation.

6.2.4 Theophylline
Theophylline is a ventilatory stimulant which

blocks the ventilatory depressant action of adeno-
sine. Diaphragm contractility is increased by theo-
phylline, but the effect on upper airway muscle
function is uncertain. Theophylline has been widely
used in patients with SA. Although an overall im-
provement in SA by up to 40%,[70,71] has been re-
ported, other studies have found no effect.[72,73]

Most of these studies were not placebo-controlled
and data on sleep quality were not presented. A
subsequent long term follow-up study has also
demonstrated that any potentially beneficial effect
is lost with time in the majority of patients.[70] In a
placebo-controlled trial of theophylline in patients
with OSA[74] there was a significant reduction in
obstructive events during sleep (-29%), but sleep
quality was significantly worsened by theophyl-
line. Theophylline has a prominent influence on
sleep structure, with increased frequency of arous-
als, as well as increased amount and latency of sleep
stage 1. Consequently, daytime sleepiness may be
increased.[75] Because of all these limitations, theo-
phylline has no place in the routine treatment of
patients with OSA.

6.2.5 Antihypertensive Agents
As discussed in section 4, systemic hyperten-

sion is common in patients with OSA and antihy-
pertensive drug therapy is therefore also common.
Pharmacologically-induced BP elevation in a dog
model was found to cause increased upper airway
collapsibility.[76] In contrast, experimentally in-
duced nocturnal BP increases in humans were
found not to induce upper airway collapse during
NREM sleep.[77] Using a model attempting to sim-
ulate SA in the rat, other workers have shown that

hydralazine-induced BP reduction was accompa-
nied by a decrease in SA activity.[78]

Some studies have examined the effect of anti-
hypertensive agents on patients with SA. Both the
ACE inhibitor cilazapril and the β-blocker me-
toprolol reduced apnoea-hypopnoea frequency by
approximately 30%.[79] The α2 adrenergic agonist,
clonidine reduced REM sleep-related OSA activity
in 6 out of 8 patients, while no effects were seen in
NREM sleep.[80] Similar beneficial effects on SAhave
also been described for calcium antagonists.[81,82]

However, there are data suggesting that antihy-
pertensive treatment may also increase SA.[81,80]

Therefore, the effect of antihypertensive agents on
SA remains unclear. Although the decline in SA
may be associated with BP reduction it is possibly
directly related to a direct effect of the drug itself.
It is also unclear whether any effect persists with
long term treatment.

6.2.6 Medical Gases: Oxygen and 
Carbon Dioxide
Low flow oxygen reduces hypoxaemia during

sleep in patients with SA to a mild extent without
any clinically significant impact on symptoms and
frequency of apneic events.[83] Higher oxygen flows
lengthen the duration of apnoeas and decrease
tonic genioglossal muscle electrical activity.[84]

Extended nocturnal low flow oxygen administration
for 30 days caused a modest reduction in nocturnal
apnoea and an increase in daytime pCO2, but no
change in sensitivity to chemical ventilatory stim-
uli during daytime or in daytime symptoms.[83] The
beneficial effect of oxygen may have been related
to an increased ventilatory drive caused by ele-
vated pCO2 levels. Inhalation of 3% CO2 during
sleep markedly increased upper airway inspiratory
muscle activity and reduced SA by approximately
80%.[84] However, the effect of CO2 on sleep qual-
ity has not been thoroughly investigated and there
are methodological problems associated with
stabilising the CO2 level throughout the night
which severely hampers the applicability of this
treatment modality.
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6.2.7 Other Pharmacological Approaches
A number of other pharmacological approaches

have been attempted in OSA. For instance, nicotine
applied as a chewing gum[85] or via a transdermal
delivery system[86] was found to slightly reduce
SA. However, nicotine also disturbs sleep and has
gastrointestinal adverse effects limiting usefulness.
The benzodiazepine antagonist flumazenil was used
in a small study of 10 patients with SA in which
there were no significant effects on SA and sleep
structure.[87] A putative glutamate antagonist, sa-
beluzole, was found to reduce hypoxaemic events
in a plasma concentration dependent manner in pa-
tients with OSA.[88] In this double-blind controlled
trial, the subjective effects were relatively modest.
The vigilance promoter, modafinil improved alert-
ness and complaints of sleepiness in a recent pilot
study in patients with SA without changes in respi-
ratory parameters.[89] There are also no data on the
usefulness of nasal sprays or other agents aiming
to reduce upper airway inflammation. Finally, de-
spite the increasing interest in anti-obesity agents,
there have been no well designed studies of any of
these drugs in patients with SA.

6.2.8 Treatment of Sleep Apnoea in 
Endocrine Disorders
As discussed in section 3.1, the prevalence of

SA is increased in acromegaly and hypothyroid-
ism. In acromegaly, treatment with the somato-
statin analogue, octreotide reduces central apnoea
and to a less extent, OSA. This effect is not directly
related to the degree of growth hormone suppres-
sion.[90] The efficacy of thyroxine in treating SA in
patients with hypothyroidism is controversial, par-
ticularly if there is coexisting obesity.[91-94] The de-
gree of myxoedematous involvement in the upper
airway may also impact on treatment. In these en-
docrine disorders, it is important to follow-up ther-
apy to ensure effective treatment of SA.

6.3 Central Sleep Apnoea

6.3.1 Acetazolamide
Acetazolamide induces a metabolic acidosis

which stimulates respiratory drive. The beneficial
effects in patients with central SA are well docu-

mented. An approximately 70% reduction of cen-
tral apnoeas along with improvement of daytime
symptoms was demonstrated after one week of
therapy.[95] Other more recent studies have demon-
strated extended effects of acetazolamide. The re-
duction of central apnoea activity (approximately
70%) remained after 1 month of therapy, while there
was no effect on obstructed breathing events.[96]

Another long term study demonstrating a persistent
effect on central apnoeas up to 6 months after dis-
continuation of therapy has led to the suggestion
that acetazolamide induces a long lasting resetting
of the CO2 response threshold.[97] However, the
clinical use is limited because of potential adverse
effects of acetazolamide treatment like electrolyte
changes, precipitation of calcium phosphate salts
in alkaline urine and paraesthesias.

6.3.2 Theophylline
There is recent interesting data suggesting a fa-

vourable effect of theophylline in central apnoea as-
sociated with congestive heart failure. In a placebo-
controlled trial of 15 patients with compensated
heart failure there was an approximately 60% re-
duction of central apnoeas per hour of sleep after
theophylline compared with approximately 20%
reduction after placebo.[98] The degree of concomi-
tant intermittent hypoxia was also reduced, whereas
the right and left ventricular ejection fraction did
not change. Interestingly, cardiac output has been
described to increase after theophylline and it re-
mains to be clarified whether the main effect on
central apnoeas is explained by respiratory stimu-
lant properties or the positive inotropic effect of the
drug. Further studies focusing on the effect of theo-
phylline on mortality and QoL would be useful in
these patients.

6.3.3 Other Treatments
Presently available treatment modalities in car-

diac failure associated central SA include supple-
mental oxygen and CPAP therapy.[99] The value of
CPAP in this group is strongly supported by studies
from one group and multicentre studies are ongo-
ing. Other workers have previously reported bene-
fit from short acting benzodiazepines which may
act by suppressing the degree of respiratory drive
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which contributes to this Cheyne-Stokes pattern of
central apnoea.[100]

7. Conclusion

To date, there is no highly effective pharmaco-
logical treatment in SA. However, the limitations
of existing therapeutic modalities are triggering an
intense search for possible candidate drugs. The
lack of adequate animal models and incomplete un-
derstanding of the pathophysiology of SA imposes
limitations on the process of rational drug devel-
opment. It is possible that future developments in
SA drug therapy may result from chance observa-
tions during drug therapy of other disorders. No
drug has shown a reduction in SA by more than
50% in controlled studies. However, in comparison
with existing treatment modalities such as CPAP or
surgery this may be an acceptable treatment goal,
providing compliance with therapy is high. In fact,
the absolute efficacy of surgery does not exceed
50% and decreases with time and the overall com-
pliance with nasal CPAP is most likely lower than
50% of sleep time.

There is a great lack of outcome data after drug
therapy in SA. In fact, a consensus on optimal out-
come variables to be used in therapeutic trials in
patients with OSA has not been reached. Should
this be related to subjective well-being, reduction
of an elevated cardiovascular risk, reduction of SA
or simply polysomnographically assessed sleep?
With the clarification of these issues we are likely
to increase the possibilities of identifying effective
pharmacological treatments for SA in the future.

References
1. Remmers JE, de Grott WJ, Sauerland EK, et al. Pathogenesis

of upper airway occlusion during sleep. J Appl Physiol 1978;
44: 931-8

2. Fleetham JA. Upper airway imaging in relation to obstructive
sleep apnoea. Clin Chest Med 1992; 13: 399-416

3. Horner RL, Innes JA, Murphey K, et al. Evidence for reflex
upper airway dilator muscle activation by sudden negative
airway pressure in man. J Physiol 1991; 436: 15-29

4. Horner RL, Innes JA, Morrell MJ, et al. The effect of sleep on
reflex genioglossus muscle activation by stimuli of negative
airway pressure in humans. J Physiol 1994; 476 (1): 141-51

5. Larsson H, Carlsson-Nordlander B, Lindblad LE, et al. Tem-
perature thresholds in the oropharynx of patients with ob-
structive sleep apnoea syndrome. Am Rev Respir Dis 1992;
146 (5 Pt 1): 1246-9

6. Bradley TD, Phillipson EA. Central sleep apnoea. Clin Chest
Med 1992; 13: 493-505

7. Strohl KP, Redline S. Recognition of obstructive sleep apnoea.
Am J Respir Crit Care Med 1996; 154: 279-89

8. Young T, Palta M, Dempsey J, et al. The occurrence of sleep-
disordered breathing among middle-aged adults. N Engl J
Med 1993; 328: 1230-5

9. Bearpark H, Elliott L, Grunstein R, et al. Snoring and sleep
apnoea: a population study in Australian men. Am J Respir
Crit Care Med 1995; 151: 1459-65

10. Grunstein R, Wilcox I, Yang TS, et al. Snoring and sleep apnoea
in men: association with central obesity and hypertension. Int
J Obes 1993; 17: 533-40

11. Grunstein RR, Stenlof K, Hedner J, et al. Impact of obstructive
sleep apnoea and sleepiness on metabolic and cardiovascular
risk factors in the Swedish Obese Subjects (SOS) Study. Int
J Obes 1995; 19: 410-8

12. Brooks LJ, Strohl KP. Size and mechanical properties of the
pharynx in healthy men and women. Am Rev Respir Dis
1992; 146 (6): 1394-7

13. Redline S, Tishler PV, Tosteson TD, et al. The familial aggre-
gation of obstructive sleep apnoea. Am J Respir Crit Care
Med 1995; 151: 682-7

14. Wetter DW, Young TB, Bidwell TR, et al. Smoking as a risk
factor for sleep-disordered breathing. Arch Intern Med 1994;
154: 2219-24

15. Grunstein RR, Ho KY, Sullivan CE. Sleep apnoea in acromeg-
aly. Ann Intern Med 1991; 115: 527-32

16. Working Group on OSA and Hypertension. Obstructive sleep
apnoea and blood pressure elevation: what is the relationship?
Blood Press 1993; 2 (3): 166-82

17. Fletcher EC, Lesske J, Qian W, et al. Repetitive, episodic hyp-
oxia causes diurnal elevation of blood pressure in rats. Hy-
pertension 1992; 19: 555-61

18. Brooks D, Horner RL, Kozar LF, et al. Obstructive sleep apnoea
as a cause of systemic hypertension: evidence from a canine
model [see comments]. J Clin Invest 1997; 99 (1): 106-9

19. Hedner JA, Wilcox I, Laks L, et al. Aspecific and potent pressor
effect of hypoxia in patients with sleep apnoea. Am Rev Res-
pir Dis 1992; 146: 1240-5

20. Hedner J, Ejnell H, Caidahl K. Left ventricular hypertrophy
independent of hypertension in patients with obstructive sleep
apnoea. J Hypertens 1990; 8: 941-6

21. Malone S, Liu PP, Holloway R, et al. Obstructive sleep apnoea
in patients with dilated cardiomyopathy: effects of continuous
positive airway pressure. Lancet 1991; 338: 1480-4

22. Laks L, Lehrhaft B, Grunstein RR, et al. Pulmonary hyperten-
sion in obstructive sleep apnoea. Eur Respir J 1995; 8: 537-41

23. Carlson JT, Hedner JA, Ejnell H, et al. High prevalence of hy-
pertension in sleep apnoea patients independent of obesity.
Am J Respir Crit Care Med 1994; 150 (1): 72-7

24. Peppard PE, Young T, Palta M, et al. Prospective study of the
association between sleep-disordered breathing and hyper-
tension. N Engl J Med 2000; 342 (19): 1378-84

25. He J, Kryger MH, Zorick FJ, et al. Mortality and apnoea index
in obstructive sleep apnoea: experience in 385 male patients.
Chest 1988; 94: 9-14

26. Hung J, Whitford EG, Parsons RW, et al. Association of sleep
apnoea with myocardial infarction in men. Lancet 1990; 336:
261-4

27. Palomaki H, Partinen M, Erkinjuntti T, et al. Snoring, sleep
apnoea syndrome, and stroke. Neurology 1992; 42: 75-81

28. Köhler U, Schäfer H. Is obstructive sleep apnoea (OSA) a risk
factor for myocardial infarction and cardiac arrhythmias in
patients with coronary heart disease (CHD)? Sleep 1996; 19:
283-6

Treatment Options for Sleep Apnoea 249

  Adis International Limited. All rights reserved. Drugs 2001; 61 (2)



29. Peker Y, Hedner J, Johansson A, et al. Reduced hospitalization
with cardiovascular and pulmonary disease in obstructive
sleep apnoea patients on nasal CPAP treatment. Sleep 1997;
20 (8): 645-53

30. Quan SF, Howard BV, Iber C, et al. The sleep heart health study:
design, rationale, and methods. Sleep 1997; 20 (12): 1077-85

31. Teran-Santos J, Jimenez-Gomez A, Cordero-Guevara J. The as-
sociation between sleep apnoea and the risk of traffic acci-
dents: Cooperative Group Burgos-Santander [see comments].
N Engl J Med 1999; 340 (11): 847-51

32. Braver HM, Block AJ, Perri MG. Treatment for snoring: com-
bined weight loss, sleeping on side, and nasal spray. Chest
1995; 107: 1283-8

33. Series F, Roy N, Marc I. Effects of sleep deprivation and sleep
fragmentation on upper airway collapsibility in normal sub-
jects. Am J Respir Crit Care Med 1994; 150 (2): 481-5

34. Sullivan CE, Issa FG, Berthon-Jones M, et al. Reversal of ob-
structive sleep apnoea by continuous positive airway pressure
applied through the nares. Lancet 1981; I: 862-5

35. Grunstein RR. Sleep-related breathing disorders: 5. Nasal con-
tinuous positive airway pressure treatment for obstructive
sleep apnoea. Thorax 1995; 50 (10): 1106-13

36. Ballester E, Badia JR, Hernandez L, et al. Evidence of the ef-
fectiveness of continuous positive airway pressure in the treat-
ment of sleep apnoea/hypopnea syndrome. Am J Respir Crit
Care Med 1999; 159 (2): 495-501

37. Engleman HM, Kingshott RN, Wraith PK, et al. Randomized
placebo-controlled crossover trial of continuous positive air-
way pressure for mild sleep Apnoea/Hypopnea syndrome. Am
J Respir Crit Care Med 1999; 159 (2): 461-7

38. Berthon-Jones M. Feasibility of a self-setting CPAP machine.
Sleep 1993; 16: S120-S3

39. Meslier N, Lebrun T, Grillier-Lanoir V, et al. A French survey
of 3,225 patients treated with CPAP for obstructive sleep ap-
noea: benefits, tolerance, compliance and quality of life. Eur
Respir J 1998; 12 (1): 185-92

40. Sanders MH, Kern N. Obstructive sleep apnoea treated by in-
dependently adjusted inspiratory and expiratory positive air-
way pressures via nasal mask: physiologic and clinical
implications. Chest 1990; 98: 317-24

41. Schmidt-Nowara W, Lowe A, Wiegand L, et al. Oral appliances
for the treatment of snoring and obstructive sleep apnoea: a
review. Sleep 1995; 18 (6): 501-10

42. Miki H, Hida W, Chonan T, et al. Effects of submental electrical
stimulation during sleep on upper airway patency in patients
with obstructive sleep apnoea. Am Rev Respir Dis 1989; 140:
1285-9

43. Conradt R, Hochban W, Heitmann J, et al. Sleep fragmentation
and daytime vigilance in patients with OSAtreated by surgical
maxillomandibular advancement compared to CPAP therapy.
J Sleep Res 1998; 7: 217-23

44. Fujita S, Conway W, Zorick F, et al. Surgical correction of an-
atomic abnormalities in obstructive sleep apnoea syndrome:
uvulopalatopharyngoplasty. Otolaryngol Head Neck Surg
1981; 89: 923-34

45. Rodenstein DO. Assessment of uvulopalatopharyngoplasty
for the treatment of sleep apnoea syndrome. Sleep 1992; 15:
S56-S62

46. Walker EB, Frith RW, Harding DA, et al. Uvulopalatopharyn-
goplasty in severe idiopathic obstructive sleep apnoea syn-
drome. Thorax 1989; 44: 205-8

47. Sher AE. Update on upper airway surgery for obstructive sleep
apnoea. Curr Opin Pulm Med 1995; 1: 504-11

48. Phillipson EA. Sleep apnoea: a major public health problem
[editorial; comment]. N Engl J Med 1993; 328: 1271-3

49. Schmidt HS, Clark RW, Hyman PR. Protriptyline: an effective
agent in the treatment of the narcolepsy- cataplexy syndrome
and hypersomnia. Am J Psychiatry 1977; 134 (2): 183-5

50. Brownell LG, West P, Sweatman P, et al. Protriptyline in ob-
structive sleep apnoea: a double-blind trial. N Engl J Med
1982; 307: 1037-42

51. Clark RW, Schmidt HS, Schaal SF, et al. Sleep apnoea: treat-
ment with protriptyline. Neurology 1979; 29: 1287-92

52. Smith PL, Haponik EF, Allen RP, et al. The effects of protriptyl-
ine in sleep-disordered breathing. Am Rev Respir Dis 1983;
127: 8-13

53. Nykamp K, Rosenthal L, Folkerts M, et al. The effects of REM
sleep deprivation on the level of sleepiness/alertness. Sleep
1998; 21 (6): 609-14

54. Rubin AH, Alroy GG, Peled R, et al. Preliminary clinical expe-
rience with imipramine HCl in the treatment of sleep apnoea
syndrome. Eur Neurol 1986; 25: 81-5

55. Meyer Madaus H, Haug HJ, Kessler C. Imipramine in sleep
apnoea syndrome [in German]. Dtsch Med Wochenschr 1991;
116 (45): 1734-5

56. Schmidt HS. L-tryptophan in the treatment of impaired respira-
tion in sleep. Bull Eur Physiopathol Respir 1983; 19: 625-9

57. Hanzel DA, Proia NG, Hudgel DW. Response of obstructive
sleep apnoea to fluoxetine and protriptyline. Chest 1991; 100:
416-21

58. Kraiczi H, Hedner J, Dahlof P, et al. Effect of serotonin uptake
inhibition on breathing during sleep and daytime symptoms
in obstructive sleep apnoea. Sleep 1999; 22 (1): 61-7

59. Rose D, Khater-Boidin J, Toussaint P, et al. Central effects of
5-HT on respiratory and hypoglossal activities in the adult cat.
Respir Physiol 1995; 101 (1): 59-69

60. Veasey SC, Panckeri KA, Hoffman EA, et al. The effects of
serotonin antagonists in an animal model of sleep-disordered
breathing. Am J Respir Crit Care Med 1996; 153 (2): 776-86

61. Popovic RM, White DP. Upper airway muscle activity in normal
women: influence of hormonal status. J Appl Physiol 1998;
84 (3): 1055-62

62. Cistulli PA, Barnes DJ, Grunstein RR, et al. Effect of short-term
hormone replacement in the treatment of obstructive sleep
apnoea in postmenopausal women. Thorax 1994; 49 (7):
699-702

63. Stewart DA, Grunstein RR, Berthon-Jones M, et al. Androgen
blockade does not affect sleep-disordered breathing or che-
mosensitivity in men with obstructive sleep apnoea. Am Rev
Respir Dis 1992; 146: 1389-93

64. Cook WR, Benich JJ, Wooten SA. Indices of severity of obstruc-
tive sleep apnoea syndrome do not change during medroxy-
progesterone acetate therapy. Chest 1989; 96: 262-6

65. Rajagopal KR, Abbrecht PH, Jabbari B. Effects of medroxypro-
gesterone acetate in obstructive sleep apnoea. Chest 1986; 90:
815-21

66. Bayliss DA, Millhorn DE, Gallman EA, et al. Progesterone
stimulates respiration through a central nervous system ste-
roid receptor-mediated mechanism in cat. Proc Natl Acad Sci
U S A 1987; 84 (21): 7788-92

67. Hannhart B, Pickett CK, Moore LG. Effects of estrogen and
progesterone on carotid body neural output responsiveness to
hypoxia. J Appl Physiol 1990; 68 (5): 1909-16

68. Sutton Jr FD, Zwillich CW, Creagh CE, et al. Progesterone for
outpatient treatment of Pickwickian syndrome. Ann Intern
Med 1975; 83: 476-9

69. Saaresranta T, Polo-Kantola P, Irjala K, et al. Respiratory insuf-
ficiency in postmenopausal women: sustained improvement
of gas exchange with short-term medroxyprogesterone ace-
tate. Chest 1999; 15: 1581-7

250 Grunstein et al.

  Adis International Limited. All rights reserved. Drugs 2001; 61 (2)



70. Grieger E, Schneider H, Weichler U, et al. Therapy control of
theophylline evening dosage in patients with sleep-related
respiratory disorders: follow-up study [in German]. Pneu-
mologie 1993; 47 Suppl. 1: 166-9

71. Kempf P, Mossinger B, Muller B, et al. Comparative studies on
the effect of nasal CPAP, theophylline and oxygen in patients
with sleep apnea syndrome [in German]. Pneumologie 1991;
45 Suppl. 1: 279-82

72. Guilleminault C, Hayes B. Naloxone, theophylline, bromocrip-
tine, and obstructive sleep apnoea: negative results. Bull Eur
Physiopathol Respir 1983; 19: 632-4

73. Espinoza H, Antic R, Thornton AT, et al. The effects of
aminophylline on sleep and sleep-disordered breathing in pa-
tients with obstructive sleep apnoea syndrome. Am Rev Res-
pir Dis 1987; 136: 80-4

74. Mulloy E, McNicholas WT. Theophylline in obstructive sleep
apnoea: a double-blind evaluation. Chest 1992; 101 (3): 753-7

75. Roehrs T, Merlotti L, Halpin D, et al. Effects of theophylline on
nocturnal sleep and daytime sleepiness/alertness. Chest 1995;
108 (2): 382-7

76. Schwartz AR, Rowley JA, O’Donnell C, et al. Effect of hyper-
tension on upper airway function and sleep. J Sleep Res 1995;
4 Suppl. 1: 83-8

77. Wilson CR, Manchanda S, Crabtree D, et al. An induced blood
pressure rise does not alter upper airway resistance in sleeping
humans. J Appl Physiol 1998; 84 (1): 269-76

78. Carley DW, Trbovic SM, Radulovacki M. Hydralazine reduces
elevated sleep apnoea index in spontaneously hypertensive
(SHR) rats to equivalence with normotensive Wistar-Kyoto
rats. Sleep 1996; 19 (5): 363-6

79. Weichler U, Herres Mayer B, Mayer J, et al. Influence of anti-
hypertensive drug therapy on sleep pattern and sleep apnoea
activity. Cardiology 1991; 78: 124-30

80. Issa FG. Effect of clonidine in obstructive sleep apnoea. Am
Rev Respir Dis 1992; 145: 435-9

81. Kantola I, Rauhala E, Erkinjuntti M, et al. Sleep disturbances
in hypertension: a double-blind study between isradipine and
metoprolol. J Cardiovasc Pharmacol 1991; 18 Suppl. 3: S41-S5

82. Heitmann J, Grote L, Knaack L, et al. Cardiovascular effects of
mibefradil in hypertensive patients with obstructive sleep ap-
noea [in process citation]. Eur J Clin Pharmacol 1998; 54
(9-10): 691-6

83. Gold AR, Schwartz AR, Bleecker ER, et al. The effect of
chronic nocturnal oxygen administration upon sleep apnoea.
Am Rev Respir Dis 1986; 134: 925-9

84. Hudgel DW, Hendricks C, Dadley A. Alteration in obstructive
apnoea pattern induced by changes in oxygen- and carbon-
dioxide-inspired concentrations. Am Rev Respir Dis 1988;
138: 16-9

85. Gothe B, Strohl KP, Levin S, et al. Nicotine: a different ap-
proach to treatment of obstructive sleep apnoea. Chest 1985;
87: 11-7

86. Davila DG, Hurt RD, Offord KP, et al. Acute effects of trans-
dermal nicotine on sleep architecture, snoring, and sleep-
disordered breathing in nonsmokers. Am J Respir Crit Care
Med 1994; 150 (2): 469-74

87. Schönhofer B, Köhler D. Benzodiazepine receptor antagonist
(flumazenil) does not affect sleep-related breathing disorders.
Eur Respir J 1996; 9: 1816-20

88. Hedner J, Grunstein R, Eriksson B, et al. A double-blind,
randomized trial of sabeluzole – a putative glutamate antag-
onist – in obstructive sleep apnea. Sleep 1996; 19 (4): 287-9

89. Arnulf I, Homeyer P, Garma L, et al. Modafinil in obstructive
sleep apnoea-hypopnea syndrome: a pilot study in 6 patients.
Respiration 1997; 64 (2): 159-61

90. Grunstein RR, Ho KK, Sullivan CE. Effect of octreotide, a
somatostatin analog, on sleep apnoea in patients with acro-
megaly. Ann Intern Med 1994; 121: 478-83

91. Rajagopal KR, Abbrecht PH, Derderian SS, et al. Obstructive
sleep apnoea in hypothyroidism. Ann Intern Med 1984; 101:
491-4

92. Orr WC, Males JI, Imes NK. Myxedema and obstructive sleep
apnoea. Am J Med 1981; 70: 1061-6

93. Kapur VK, Koepsell TD, deMaube J, et al. Association of hy-
pothyroidism and obstructive sleep apnoea. Am J Respir Crit
Care Med 1998; 158 (5 Pt 1): 1379-83

94. Grunstein RR, Sullivan CE. Sleep apnoea and hypothyroidism:
mechanisms and management. Am J Med 1988; 85: 775-9

95. White DP, Zwillich CW, Pickett CK, et al. Central sleep apnoea:
improvement with acetazolamide therapy. Arch Intern Med
1982; 142: 1816-9

96. Debacker WA, Verbraecken J, Willemen M, et al. Central ap-
noea index decreases after prolonged treatment with acetazol-
amide. Am J Respir Crit Care Med 1995; 151: 87-91

97. Verbraecken J, Willemen M, De Cock W, et al. Central sleep
apnoea after interrupting long term acetazolamide therapy.
Respir Physiol 1998; 112 (1): 59-70

98. Javaheri S, Parker TJ, Wexler L, et al. Effect of theophylline on
sleep-disordered breathing in heart failure [see comments]. N
Engl J Med 1996; 335 (8): 562-7

99. Naughton MT, Bradley TD. Sleep apnoea in congestive heart
failure. Clin Chest Med 1998; 19 (1): 99-113

100. Bonnet MH, Dexter JR, Arand DL. The effect of triazolam on
arousal and respiration in central sleep apnoea patients. Sleep
1990; 13: 31-41

Correspondence and offprints: Dr Ronald R. Grunstein, Cen-
tre for Respiratory Failure and Sleep Disorders, Ward E9,
Royal Prince Alfred Hospital, Camperdown 2050, Sydney,
Australia.
E-mail: rrg@mail.med.usyd.edu.au

Treatment Options for Sleep Apnoea 251

  Adis International Limited. All rights reserved. Drugs 2001; 61 (2)


	Contents 237
	Abstract 238
	1. What Is Sleep Apnoea? 238
	2. Pathophysiology 238
	2.1 Obstructive Sleep Apnoea 238
	2.2 Central Apnoea 239
	2.3 Implications for Therapy 239

	3. Clinical Epidemiology 239
	3.1 Prevalence and Correlates of Sleep Apnoea 240
	3.2 Measuring Sleep Apnoea 241

	4. Sequelae of Sleep Apnoea 241
	4.1 Cardiovascular 241
	4.1.1 Acute Effects 241
	4.1.2 Chronic Effects 242

	4.2 Psycho-Social Effects 242

	5. Nonpharmacological Treatment 243
	5.1 Conservative Therapy/Lifestyle Factors 243
	5.2 Devices 243
	5.2.1 Nasal Continuous Positive Airway Pressure 243
	5.2.2 Mandibular Advancement Splints 244
	5.2.3 Upper Airway Electrical Pacemaker 244

	5.3 Surgery 244
	5.3.1 Tracheostomy 244
	5.3.2 Facial Reconstructive Surgery 244
	5.3.3 Uvulopalatopharyngoplasty 244


	6. Pharmacological Treatment 245
	6.1 Introduction 245
	6.2 Obstructive Sleep Apnoea 245
	6.2.1 Tricyclic Antidepressants 245
	6.2.2 Serotonergic Agents 246
	6.2.3 Sex Steroids 246
	6.2.4 Theophylline 247
	6.2.5 Antihypertensive Agents 247
	6.2.6 Medical Gases: Oxygen and Carbon Dioxide 247
	6.2.7 Other Pharmacological Approaches 248
	6.2.8 Treatment of Sleep Apnoea in Endocrine Disorders 248

	6.3 Central Sleep Apnoea 248
	6.3.1 Acetazolamide 248
	6.3.2 Theophylline 248
	6.3.3 Other Treatments 248


	7. Conclusion 249
	References 249
	Correspondence and offprints 251
	E-mail 251

