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ABSTRACT

Obstructive sleep apnoea, OSA, is formally defined as an apnoea-hypopnoea index (AHI) of at least 5 episodes/hour
(mild). Obesity, alcohol, smoking and sedatives may contribute to the development of OSA, as well as tonsilar hyper-
trophy and maxillary and/or mandibular retrognathia. Endocrine conditions such as hypothyroidism and acromegaly
have also been reported associated with OSA. Except for excessive daytime sleepiness, headaches and irritability, OSA
may lead to hypertension, heart failure, M1 and stroke. Management involves reduction of predisposing factors such as
obesity and alcohol. Treatment with continuous positive airway pressure (CPAP) is currently most common and best
documented. Also uvulopalatopharyngeal surgery and so called phase Il surgery, which means advancement of the
jaw(s) with orthognatic surgical methods are used. Treatment with dental appliances is getting increasingly popular but

the long term outcome remains debatable.
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1. Introduction

Obstructive sleep apnoea is variously referred to in the
literature by the following terms in a synonymous man-
ner: obstructive sleep apnoea syndrome (OSAS), obstruc-
tive sleep apnoea/hypopnoea syndrome (OSAHS) and
the shorter obstructive sleep apnoea (OSA). In this re-
view only the latter will be used. The objectives were to
review published information and data on the pathophysi-
ology, epidemiology, investigations and recommended
treatment of obstructive sleep apnoea. References were
collected from an online PubMed survey in which over
13,800 papers were found (March, 2011). The survey
was then refined and original papers and reviews were
inspected to ensure they fulfilled the objectives above.
Older papers were generally avoided and the majority of
references used in this review were published from
1990-2011. Only internationally recognized journals with
referee system were used. In total, 81 papers were used
as references.

Sleep apnoea is a medical problem characterized by
interrupted breathing during sleep. The affected period of
time may be 10 seconds or more, during which breathing
stops, followed by arousal and/or 3% drop in oxygen
saturation. Hypopnoea occurs when there is a 50% de-
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crease in airflow for at least 10 seconds, followed by
arousal and/or 3% drop in saturation. It is the oxygen
desaturation leading to arousal from sleep that causes day
time sleepiness rather than the apnoea itself.

There are three types of sleep apnoea: central sleep
apnoea (CSA), abstructive sleep apnoea (OSA) and mixed
sleep apnoea. During sleep, the respiratory centre stimu-
lates the respiratory muscles of the chest to take a breath.
Central sleep apnoea occurs when the CNS does not send
the signal to the muscles to take a breath. Obstructive
sleep apnoea occurs when the brain sends the instruction
to the muscles and the muscles make an effort to take a
breath, but they are unsuccessful because the airway be-
comes obstructed and prevents an adequate flow of air.
Mixed sleep apnoea, occurs when there is both central
sleep apnoea and obstructive sleep apnoea.

OSA is a common disorder and occurs if the upper
airway closes during inspiration and/or expiration. It re-
sults from collapse of the pharyngeal airway during sleep.
The mechanisms and cause of this occlusion are multi-
factorial, but in the end a result of the upper airway
anatomy interacting with physiological mechanisms dur-
ing sleep [1], e.g. reduced or absent dilator muscle con-
trol during sleep. There are, historically, two schools of
thoughts describing the pathophysiology, the active vs
the passive theories. The “active” theory was first pre-
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sented by Weitzman and co-workers and describes in an
animal model, the spasmodic closure of the lateral pha-
ryngeal walls and velopharynx timed at the end of expi-
ration [2]. The muscle contraction persists during inspi-
ration and does not return to the relaxed phase until the
test object aroused from sleep. However, electromyog-
raphy in humans has failed to demonstrate any muscle
activity during airway closure and therefore the other
“passive” theory has gained more acceptance [3]. The
“passive” theory implies that no active neuromuscular
contraction of the pharyngeal muscles is needed to close
the airway. Instead, obstruction is the result of the tongue
falling backwards together with impaired or complete
loss of dilating activity of the pharyngeal muscles during
sleep [4]. Most likely, both theories are at least partly
true since OSA is a multifactorial phenomenon. The hu-
man airways have a complicated task. The ventilation
should constantly be maintained together with speech
and phonation. Additionally, the upper airway (larynx)
should allow for alimentation down through the oe-
sophagus without interference with the airway.

2. Anatomical Abnormalities and the
Physiology of OSA

Neuromuscular factors are of importance as well as
structural abnormalities which predispose to OSA [5,6].
Airway shape and size are critical to the air flow. In chil-
dren, hypertrophy of adenoids and tonsils is the main
cause but also craniofacial disorders such as microg-
nathia and soft tissue anomalies have an impact on OSA
in childhood [7]. No single factor has been identified in
the same way in adults. There are several anatomical
factors contributing to the obstructive periods. Obesity is
one important factor and it is well known that excessive
weight direct increases the risk and severity of OSA due
to augmentation of fat around the neck and airway. But
obesity, which will be further discussed, also has an ef-
fect on metabolism and lung volume which might be of
greater importance for the severity of OSA than the local
changes in the upper airway.

2.1. Head-Neck Abnormalities

Maxillofacial variables associated with snoring and sleep
apnoea include a relatively long distance from the man-
dibular plane to the hyoid bone and mandibular and/or
maxillary retrognathia. An inferiorly displaced hyoid
position may interfere with breathing since it would sig-
nify abnormalities in airway length and increased tongue
size. Sometimes the relations between the jaws are within
normal limits (orthognathia) but there is a downward
bi-maxillary rotation resulting in increased vertical height
of the lower third of the face. This in turn will lead to a
longer posterior airway and also increased cervical angu-
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lation, all potentially contributing to OSA. It has since
long been an established fact that small mandibles would
have most impact on the severity of OSA, but in fact,
Dempsy and co-workers have shown that in non-obese
patients, abnormalities in maxillary position, size and
especially width were the main contributors to OSA [8].
Accordingly, it could be anticipated that the obstruction
is primarily a result of a disorder of the maxilla and less
the mandible. Also nasal obstruction and sometimes
complete blockage have an impact on the presence and
severity of OSA. An obstructed nose will increase the
tendency for breathing through the mouth which subse-
quently destabilizes the lower pharyngeal airway by dis-
placement of the hyoid. The pharyngeal soft tissues con-
tribute to OSA and the size of the tissue is of importance.
In the supine position the tongue falls posteriorly and
counteracted by the tone of the genioglossal muscle.
Volumetric studies have shown that tongue size is a ma-
jor predictor of OSA together with weak lateral walls in
the pharynx, resulting in collapse and difficulties in re-
opening the airways [9]. The tongue is larger and the soft
palate is both longer and wider in OSA patients com-
pared to healthy individuals. The neuromuscular tone of
the airway contributes to the balance of forces and
patency of the airway which will be further discussed in
the following paragraphs. Activation of the upper airway
muscles is suppressed by various sedative medications
and alcohol, which possibly explains why snoring and
OSA worsen after intake of alcohol or diazepam. Inter-
estingly, this is not the case for diaphragmatic activity.

2.2. Structure and Forces

A so called balance of forces model allow for an accurate
description of how multiple variables alter the upper air-
way size. Upper airway size is determined by both dilat-
ing and collapsing forces. Dilating forces include upper
airway muscle tone, mechanical force of the airway wall
structure and positive intraluminal airway pressure. Col-
lapsing forces include tissue mass, surface adhesive
forces and negative intraluminal pressures. The resulting
difference in these forces is what acts on the wall of the
upper airway [1]. This means that when distending forces
increase the airway, size also increases and when the
forces decrease, the airway size subsequently decreases.
A soft and collapsible tube could be used as a model to
study the different forces acting upon the walls of the
human upper airway—the supraglottic pharynx. When
the patient is awake there is a low negative inspiratory
intraluminal pressure combined with a large upper air-
way area, the nose, which results in unaffected flow.
During sleep there is still a patent and stable upper air-
way in non-apnoeic people because the transmural pres-
sure is higher than both inspiratory and expiratory pres-
sures. On the other hand, apnoeic people have a smaller
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and less stable upper airway resulting in transmural
pressures during sleep becoming lower than pressures in
both upwards and downwards directions [1]. When the
transmural pressure is falling and becomes lower than the
closing pressure of the airway during inspiration, the
airway collapses and no flow occurs. Using the same
model one could say that snorers have an intermediate
condition where the expiratory pressure is higher than the
transmural pressure, but the inspiratory pressure is less.
Flutter will be the result caused by a choke point of the
airway exposed to alternating positive and negative
transmural pressure. In OSA, increased resistance and the
collapse of the upper airway happen not only during in-
spiration but also during expiration. Expiratory collapse
is essentially a static process. The maximum airway col-
lapse occurring at end expiration and precedes dynamic
obstruction. The relatively low lung volume of air at the
end of expiration + passive declining pressures in the
airway lumen will contribute to the collapse. Expiratory
obstruction will make breathing more tiresome since the
apnoeic individual needs to overcome the effects of posi-
tive airway pressure (PEEP) [10]. The size of the airway
is dependent on the ventilatory cycle and in OSA, the
cross section area increases during early inspiration but is
getting much smaller during the end of expiration. There
is a progressive narrowing of the airways and finally the
narrowing either completely obstruct it or results in a
critical size where the previously mentioned negative
pressure creates airway closure at the following inspira-
tion. Not only the size, but also the shape of the airway
may contribute to the pathogenesis of OSA. Some indi-
viduals with normal airway size and normal muscle ac-
tivity nonetheless develop OSA. Patients with OSA tend
to have elliptical airways with the long axis of the ellipse
oriented along the anteroposterior axis and this orienta-
tion may negatively affect upper airway muscle function
[11].

2.3. Vascular Effects and Lung Volume

Blood volume changes in the head-neck region can affect
upper airway size. This has been shown in a study by
altering leg elevation and the corresponding changes in
central venous pressure. Its direct relationship to OSA is
not known but it is considered an indirect proof of
physical contribution [12]. A more direct effect on the
pharyngeal airway size is lung volume. Increased lung
volumes increase pharyngeal size and decreased volumes
contribute to pharyngeal collapse. It has been demon-
strated that changes are a mechanical effect of tracheal
and thoracic traction. Thoracic traction (or tracheal tug)
markedly influences pharyngeal size and patency and is
mediated through the mediastinum, intrathoracic pressure
and the trachea. Passive tracheal traction likely alters
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pharyngeal collapsibility by influencing tension and sta-
bility on the pharyngeal wall [13].

2.4. Control of Ventilation

The sleep levels REM and, NREM, as well as awakeness
differ in arousal mechanisms and ventilatory sensitivity
to hypoxia and hypercapnia. Central ventilatory control
is destabilized by changes in level of consciousness. Hy-
percapnic drive is the most tightly controlled response
and is also the primary determinant for ventilatory con-
trol. This drive decreases from wakefulness to NREM
and REM sleep, and may result in hypoventilation during
sleep if not compensated. In a person without OSA, hy-
poxic ventilatory drive also decreases from wake to
NREM and REM. During sleep, ventilation is mediated
by carbon dioxide and chemical control through both the
central nervous system and indirectly through the carotid
bodies. Cyclic (oscillating) arousals affect ventilation and
ventilatory drive because of the influence of the CNS on
the responsiveness of the afferent receptors which in turn
affect airway stability. Arousal acutely activates and sta-
bilizes the upper airway muscles in sleep. Brief awaken-
ings rapidly shift central CO, sensitivity lower to the
level of wakefulness. This increases ventilation and
quickly reduces CO,. This variable in respiratory control
is chemoresponsiveness to hypercapnia and hypoxia and
is termed controller gain. The higher the controller gain,
the brisker the responsiveness to hypercapnia. The effec-
tiveness of the level of ventilation to eliminate CO, is
termed plant gain. According to Woodson and Franco
(2007), both types of gain are important in ventilatory
stability [1].

2.5. Obesity

OSA is a disorder whose prevalence is linked to the epi-
demic of obesity in Western society. Obesity and par-
ticularly central adiposity are potent risk factors due to
pressure to the airways. But obesity will also increase
pharyngeal collapsibility through mechanical effects on
pharyngeal soft tissue and lung volume and through cen-
tral nervous system acting proteins that in turn may affect
airway neuromuscular control [14].

Leptin, a 16 kDa protein (167 amino acids) is playing
a key role in regulating energy intake and energy expen-
diture, including appetite and metabolism. Leptin is known
to suppress the appetite, but many obese people have
built up a resistance to the appetite-suppressing effects of
leptin. It is an adipose derived hormone, meaning that the
more obese a person is the more leptin is produced. The
level of circulating leptin is directly proportional to the
total amount of fat in the body. In addition to white adi-
pose tissue, leptin can also be produced in the ovaries,
skeletal muscles, placenta, liver and bone marrow [15].
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Leptin and various cytokines increase CO, response and
may contribute to central ventilatory sensitivity. How-
ever, due to the high levels of leptin and that obese peo-
ple have an increased resistance to this protein, the ob-
structive breathing may worsen. This phenomenon has
been proven correct in animal models [16], but need fur-
ther evaluation in humans.

3. The Apnoea Hypopnoea Index

The apnoea hypopnoea index (AHI), shows apnoea and
hyponoea episodes per hour of sleep. The AHI is proba-
bly the most useful and objective way of classifying the
severity of OSA. Obstructive Sleep Apnoea Syndrome is
a term that indicates a clinical entity defined by a high
AHI in conjunction with hypersomnolence or related
symptoms in daytime function. Recommended diagnostic
criteria for OSA syndrome include an AHI of 5 or more
determined by overnight monitoring and evidence of
disturbed sleep, daytime sleepiness or other daytime
symptoms. The classification has three levels; mild (AHI
5 - 14), moderate (AHI 15 - 30) and severe (AHI > 30)
[17].

4. Epidemiology

OSA is the most common cause of excessive day time
sleepiness. In most epidemiological studies, OSA is de-
fined by the number of apnoea or hypopnoea episodes
per hour as described above. Probability studies in adults
shows an estimated prevalence for OSA of at least mild
level, ranging from 3% - 28% and for a moderate level
ranging from 1% - 14% [18,19]. When only those studies
with in-laboratory polysomnography conducted on large
samples are compared, the prevalence estimates are in
closer agreement. Results from cohort studies using 2-
stage stratified probability sampling, the estimates in
men and women with a body mass index from 25 - 28
showed that roughly 1 in 5 adults have at least mild level
of OSA and 1 in 15 has at least moderate level [20-22].

4.1. Impact of Age

Duréan and co-workers, [22,23] have in two cohort stud-
ies found age differences in the prevalence of OSA. For
ages 71 - 100 years, the prevalence of AHI > 5 was 80%
for women and 81% for men (95% confidence interval).
When compared with an age group of 30 - 70 years, the
prevalence in older age group was about 3 times higher.
In the younger group, 30 - 70 years, there was an in-
crease in prevalence with age with an odds ratio of 2.2
for each 10 years. Similarly, in the Sleep Heart Health
Study, [24] the proportion of people with an AHI > 15
events per hour was approximately 1.7-fold higher in
older (60 - 99 years) compared to younger (40 - 60 years)
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participants. It has been hypothesized that female sex
hormones protect against OSA but a study of body fat
distribution and sleep apnoea severity showed no differ-
ence between premenopausal and postmenopausal women
[25].

4.2. Impact of Gender

There is a higher prevalence of OSA reported for men
compared with women, with a male to female ratio of
between 2.3:1 [26,27]. In two studies comparing snoring
and AHI between middle-aged men and women, Fe-
rini-Strambi and co-workers [28,29] showed using a
home monitoring equipment that 7% of the females snored
more than 50% of the night. The corresponding figure for
males was similar, 8%. But when comparing AHI, the
differences between the sexes increased. The number of
females with an AHI > 10 was 9% and the number who
had an AHI > 20 was 2%. The corresponding figures for
males were respectively 15.5% and 5%. According to
these studies of middle aged European populations, OSA
(moderate to severe) was 2.5 times more common in
males and snoring was a stronger predictor for OSA in
males. A retrospective review of 830 consecutively di-
agnosed OSA patients showed the male:female ratio in-
creasing from 2.3:1 for mild cases to 7.9:1 for severe
cases [30].

4.3. Snoring and OSA in Children

As mentioned before, in children, hypertrophic adenoids
and tonsils are the main causes of snoring and OSA but
also maxillofacial disorders such as micrognathia may
contribute. Compared with adults there are relatively few
data on the prevalence of sleep-related obstructed breath-
ing in children, most of them using questionnaires com-
pleted by their parents. In some studies from children 6
years old or younger, approximately 1/3 were reported to
snore occasionally and 10% - 14% frequently [31]. It
seems as older children snore less than younger. Wit-
nessed apnoea has been reported in approximately 5% of
children [32] but reliable estimates of the prevalence of
OSA in children are difficult since interpretation of
polysomnographic findings is controversial and based on
scant normative data [33]. Also, the use of respiratory
event counts such as the AHI may be inappropriate for
childhood OSA, often characterized by prolonged ob-
structive hypoventilation with few apnoeic or hypop-
noeic events. An interesting finding from epidemiologi-
cal studies is that in contrast to adults, where OSA occurs
primarily in males, in children it appears to occur equally
between gender. It has been hypothesized that this is due
to the lack of hormonal influences in the pre-pubertal
child [34].
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4.4, Public Health and OSA

For the public health relevance of OSA, it is important to
understand the natural history of the syndrome and its
association with host and environmental risk factors.
This is useful for screening purposes and when evaluat-

ing the mechanisms that links OSA with chronic diseases.

Cross sectional studies on prevalence do show effects of
age, independently of the tendency of increased BMI
with age. There are studies showing a doubling of AHI
every 10 years [21,24]. When symptoms are included in
the definition of OSA, the prevalence seems to fall above
the age of 65. The peak age of presentation is around 50
years and the prevalence falls off quite steeply after this
age [31]. It is not known if this is because older patients
simply do not complain about their symptoms or because
OSA gives generally less adverse consequences com-
pared to younger patients. In general, findings have
demonstrated that the natural history of OSA includes a
moderate level of progression, even in subjects not re-
ferred to sleep centres. There are longitudinally deter-
mined measures of AHI with age and BMI with larger
changes observed in men compared to women. Middle
age men with high BMI may experience the highest rate
of increase in AHI over time and may therefore benefit
most from prospective monitoring.

5. OSA and Cardiovascular Disease

Lately, OSA has gained a lot of attraction as a cardio-
vascular risk factor. OSA co-exists with other cardio-
vascular risk factors but has a strong independent asso-
ciation. Nowadays it is recommended for patients newly
diagnosed with OSA that screening for cardiovascular
risk, such as hypertension is undertaken [35]. Indeed,
OSA has been increasingly implicated in the initiation
and progression of several cardiovascular disorders such
as coronary artery disease (CAD), cardiac arrhythmias,
systemic hypertension, pulmonary hypertension, and stroke
[36-40]. Circulatory physiology is changed in OSA and
there are OSA related hypoxia, hypercapnia and blood
pressure surges due to sympathetic over activation and
acute imbalance of vasoactive hormones. These changes
cannot only provoke acute coronary syndromes and stroke
but if persistent also chronic consequences such heart
failure [41].

The endothelium plays a key role in the pathophysiol-
ogy of OSA and its impact on cardiovascular disease.
Not only does it function as a separation between the
blood and the vessel wall, the endothelium has a role in
the maintenance of vascular tone, coagulation and cellu-
lar growth [41]. The precise mechanisms of endothelial
dysfunction in OSA are not yet known but is believed
that hypoxia, inflammation or oxidative stress initiate the
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process [42]. An example of this is that Nitric Oxide (NO)
is a vasodilator secreted by the endothelium and a reduc-
tion in NO will subsequently lead to an impaired endo-
thelial mediated vasodilatation.

OSA is also believed to cause increased oxidative
“stress” which in turn plays a role in cardiovascular dis-
ease. Repeated hypoxic episodes cause intra-cellular
structures to adapt to lower oxygen levels. Then, when
the saturation level is increased during normal oxygen
concentrations in the awake patient, these cells produce
reactive oxygen species (ROS) which in turn have the
potential to oxidize lipids and proteins. ROS also con-
tribute to endothelial dysfunction, inflammation and ul-
timately atherosclerosis by augmenting NO breakdown
[41].

Inflammation and metabolic dysfunction are known to
have a strong impact on various vascular disorders. A
raised Chain Reactive Protein (CRP) level reduces NO
synthase (an enzyme that catalyses synthesis processes).
NO is further reduced by hypoxia in OSA patients as
described above. Hypoxia and sleep deprivation will ad-
ditionally enhance the expression of inflammatory me-
diators such as interleukins and TNFa. [43]. It has also
been suggested that metabolic disturbances may link
between OSA and cardiovascular disease. At least severe
OSA correlates with increased insulin resistance. Subse-
quent high insulin levels also in non-obese patients have
been reported to worsen with increasing AHI. One study
showed that severe OSA was accompanied by a 5-fold
increased risk of overt diabetes mellitus [44].

The vast majority of OSA patients (up to 95%) has
been reported to have hypertension. The actual mecha-
nisms have been debated but cross sectional analyses
suggest that OSA is an independent risk factor for high
systolic as well as diastolic blood pressure [45]. There
are several theories on the causative pathways of hyper-
tension in OSA patients. Endothelial dysfunction and
thereby impaired vasodilatation is one factor already
mentioned. Additionally, hypoxia caused by apnoea/hy-
ponoea increases sympathetic activity due to the episodes
of arousal and subsequent fluctuations in catecholamine
levels [46,47].

6. Investigations and Diagnostics in OSA
6.1. Polysomnography

The standard method to investigate and diagnose ob-
structive sleep apnoea is a polysomnography (PSG), also
known as “sleep study”. PSG is a multiparametric test
used as a diagnostic tool in sleep medicine. The test re-
sult, displayed on a polysomnogram, is a comprehensive
recording of the biophysiological changes that occur
during sleep. The PSG monitor several body function
including the respiratory and cardiovascular systems
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(pulse oximetry, ECG), brain (EEG), eye movement and
muscle activity. This method will reveal which patients
who have episodes of snoring, apnoea/hyponea and the
frequency and lengths of these episodes. PSG, will,
however, not identify the site of obstruction, nor will it
give guidance in terms of treatment.

Diagnostic and radiological studies including lateral
cephalometry, CT, MRI and endoscopy have been used
to direct the treatment (e.g. surgical/non-surgical). These
methods are all done when the patient is awake which
gives only a limited characterization of obstruction dur-
ing sleep.

6.2. Lateral Cephalometric Radiographs

One of the more common and inexpensive methods is the
plain cephalometric radiograph, which may be used to
assess both skeletal and soft tissue abnormalities. The
drawback is that the pharyngeal area which indeed is a
3-dimensional structure, is investigated using a 2-di-
mensional method. Soft tissue can be identified, eg.
tongue size and retro-glossal space. The retro-glossal
space (also called posterior airway space, PAS), is meas-

_'_fi'

ured from the base of the tongue to the posterior pharyn-
geal wall. Skeletal measurements commonly involve
measurements of the hyoid position and size and the po-
sition of the maxilla and mandible in relation to the skull
base [48]. The distance from the mandibular base plane
to the hyoid bone is most often the measured distance
since it is known that inferior displacement of the hyoid
leads to an increased degree of tongue base projection
into the hypopharynx and lengthening of the airway, both
contributing to airway collapse. With the use of lateral
cephalometric analysis, the relations between the maxil-
lofacial complex and the cranial base can be measured.
There are several cephalometric measurements per-
formed when planning orthognatic corrective surgery.
For investigation of sleep apnoea, the most common
points of measurement are: sella (S), nasion (N), anterior
nasal spine (A) and supramentale (B) and the SNA and
SNB angles represents the relative position of the maxilla
and mandible to the skull base (Figure 1). It has been
shown that OSA patients had smaller SNA and SNB an-
gles (tendency of micrognathia) and displaced hyoid
bones compared to non-OSA individuals [49]. Other

Figure 1. Cephalometry showing bimaxillary retrognatism in a patient with OSA. (S) sella, (N) nasion, (A) Down’s A-point,
subspinale, (B) Down’s B-point, supramentale. SNA angle = maxillary anterior point in relation to sella-nasion axis and SNB
angle = mandibular anterior point in relation to sella-nasion axis. Red lines show skeletal and soft tissue borders before sur-
gery and blue lines the planned borders after bimaxillary advancement and anterior rotation.

Copyright © 2012 SciRes.
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studies have distinguished two patient groups who have
OSA [50,51]. One group comprises patients who are
obese as measured by body mass index (BMI) and/or
neck circumference and who have abnormal soft tissue
measurements, previously described in the section on
anatomical abnormalities and physiology of OSA. The
other group are patients with normal BMI but who in-
stead have skeletal abnormalities identified on cepha-
lometric radiographs as a cause of their OSA. Ferguson
and co-workers [51] evaluated neck circumference and
found that individuals with OSA and normal neck size
(<42 cm) had maxillofacial deformities, while individu-
als with larger neck size and OSA had larger tongues,
longer mandibular-hyoid distance and elongated soft
palate.

6.3. Computed Tomography (CT)

CT-scans offer a better precision than the plain film
cephalometric radiograph. CT-scans are getting increas-
ingly common and the technique is more or less standard
in any preoperative planning of OSA patients. It does,
however exhibit the same drawback as any other imaging
method since the patient is awake while the investigation
is performed and gives therefore the shape and dimen-
sion of the awake airway. Nevertheless, awake CT stud-
ies have shown narrowing of the oropharynx, especially
in the retropalatal region in OSA patients compared with
controls [52,53]. CT scans are also used to follow up
surgical procedures such as uvulopalatopharyngeal plasty
(UPPP) and maxillo-mandibular advancement.

6.4. Magnetic Resonance Imaging (MRI)

There are some obvious advantages with MRI; the pa-
tient is not exposed to radiation, soft tissues are well de-
fined and with modern technologies, the dynamic airway
can be evaluated with rapid image acquisition using mul-
tiple images per second. However, despite these advan-
tages it has been difficult to use the technique during
sleep and thus, truly evaluate OSA. There are a few
studies on asleep patients and MRI scanning has shown
differences between OSA and control patients, such as
greater narrowing of velopharynx because of collapse of
the lateral pharyngeal walls in OSA [54], but not to an
extent to make MRI a sole diagnostic test [48]. Other
studies have used MRI to analyse the anatomy of the
suprahyoid muscles. For example, Schotland and co-
workers [55] found more fat content in the genioglossus
and geniohyoid muscles in OSA patients as compared to
controls.

6.5. Pharyngoscopy

Endoscopy with fiberoptic equipment is a relatively in-
expensive technique for evaluation of the airway in mul-
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tiple positions during both awake and asleep periods.
Computer assisted airway measurements allows for an
accurate mapping of the site of the airway obstruction.
The technique has for example shown to have the ability
to detect tongue base obstruction during sleep [56].

There are also other techniques to evaluate sleep ap-
noea and the level of obstruction, such as manometry,
fluoroscopy and acoustic reflection but these will not be
further discussed due to their relative unusualness.

7. Treatment

As in other medical disorders, life style changes should
always be considered. Predisposing factors such as obe-
sity, tonsilar hypertrophy and facial deformities should
be corrected if possible. Intake of alcohol and sedatives
should be avoided.

7.1. Continuous Positive Airway Pressure
(CPAP)

CPAP has become the first line treatment option in OSA
patients since it was introduced in 1981, by Sullivan and
co-workers [57]. The equipment consists of a blower that
generates positive pressure and it functions as a pneu-
matic splint preventing the upper airway from collapsing
cyclically during sleep. The airway keeps open (“splint
effect”) by increasing the intraluminal upper airway pres-
sure above the pressure of the soft tissue airway struc-
tures. It will thereby improve nocturnal oxygenation,
increase lung volume and the ventilatory drive [58,59].
CPAP is, as mentioned above considered the standard
treatment for OSA, although concerns have been raised
regarding the patient-CPAP interface (mask) and inade-
quate adherence and therefore, authors have criticised the
method [58]. It has been suggested that firstly patients
who have moderate to severe OSA (AHI > 15) should be
treated with CPAP [60]. Additionally, patients with mild
OSA (AHI: 5 - 14) with co-morbidity, such as day time
sleepiness, mood disorders or cardiovascular disease,
could benefit from CPAP treatment. The recommenda-
tion of CPARP titration is that one starts at low pressure of
4 - 5 cm H,0, gradually increasing by 1 - 2 cm every 15
minutes until apnoeas/hypopnoeas disappear [58]. Usu-
ally the pressure has to be increased in supine position
(as compared to lateral) and during REM sleep.

The long-term compliance using CPAP is dependent
on side effects and patient motivation. The commonest
side effects of CPAP are related to nasal symptoms of
dryness, congestion and rhinorrhoea, which affect 25% -
65% of the users [61]. Other side effects are sinusitis,
conjunctivitis and pressure sore on the face from the
mask. These side effects are if severe, all relative contra-
indications to CPAP and patient satisfaction and compli-
ance should be monitored.
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7.2. Surgery of the Palate and Oropharynx

If the patient cannot or will not accept CPAP due to side
effects and/or difficulties to sleep, surgery is an alterna-
tive. In the early 1980’s the uvulopalatopharyngoplasty
(UPPP/UP3) was first described as a method to surgi-
cally correct the upper airway [62]. UPPP is designed to
eliminate palatal and pharyngeal redundancy by tonsil-
lectomy + resection of excess mucosal and submucosal
tissue in the pharyngeal area. Initially the technique was
considered a great success but later, Sher and co-workers
[63] reported only 40% success rate in achieving long
term cure. In fact, other studies have described patients
who worsened both objectively (PSG) and subjectively
(increased day time sleepiness) after UPPP [64]. After
this, patient selection has become increasingly important
to identify appropriate candidates for the procedure and it
has been suggested that patients who have the obstruc-
tion localized to the oropharynx would be the most suit-
able for UPPP. Studies have also shown that severity is
not a prognostic factor for success or not. Patients with
mild AHI classification can have a poor result with UPPP,
while a candidate with severe disease can be fully cured
[65]. Obesity is a negative prognostic factor and BMI >
40 is a contraindication to UPPP due to poor outcome of
the procedure.

The main complications to UPPP are intra and post
operative bleeding, airway obstruction during the initial
postoperative period caused by significant oedema and
dysphagia [66].

7.3. Genioglossus and Hyoid Advancement

The genioglossus advancement (GA) involves osteotomy
of the chin (usually square shaped on the symphysis) to
be able to move the geniotubercle with the genioglossus
insertion forward without moving the mandible. This
advancement places tension on the tongue musculature
and thereby limits posterior displacement during sleep.
The hyoid advancement (HA) technique implies an ante-
rior movement of the hyoid bone by attaching it to the
thyroid cartilage. The operation is usually performed in
conjunction with GA or UPPP to reduce the severity of
OSA. The success rates for GA and HA have been vari-
able, ranging from 23% to 77% [67,68]. In general, the
associated surgical risks for these procedures are low, but
include infection, oedema and dysphagia.

7.4 Phase Il Surgery

Maxillomandibular advancement (MMA), also called
Phase Il surgery, expands the skeleton that encircles the
airway and the entire airway is thereby enlarged. The
operation consists of a bilateral osteotomy (Le Fort | os-
teotomy and bilateral sagittal split osteotomy, BSSO, of
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the mandible) and the maxillomandibular complexes are
mobilized and diplaced anteriorly. Fixation is performed
with titanium plates when a good occlusion is established.
An advancement of 10 - 14 mm is usually recommended
to achieve a successful improvement of the obstructed
airways but a balanced aesthetic appearance is of course
also important which means that phase Il procedures
suits patients with micrognathia best. However, interest-
ingly enough, very few patients with pre-surgically or-
tognathic jaws are dissatisfied with their appearance after
the advancement [69]. MMA is considered the most ef-
fective surgical sleep apnoea procedure currently avail-
able and the long-term success rate is usually over 90%
[70,71]. Despite that bimaxillary surgery is considered a
fairly invasive procedure, the associated surgical risks
are low but includes bleeding, sensory disturbance of the
inferior alveolar nerve and malocclusion.

7.5. Oral Appliances

The use of oral appliances to advance the mandible
non-surgically is an increasingly popular method to treat
OSA but has not the same effect on improving AHI
compared to MMA surgery since the appliances advance
the mandible only. It has been recommended in patients
with primary snoring and mild to moderate OSA and has
been shown to reduce AHI by 50% [72] which is consid-
erably less than with the surgical method. A reason could
be that the maxilla is not affected and that compliance
may be low. Additionally, dental appliances can give
temporomandibular joint disturbances, especially in long
term use, due to stretching of ligaments around the disk
capsule. A recent review of the literature also showed
poor congruence in which design of the appliance that is
most effective [73].

8. Discussion and Guidelines for Treatment

OSA has a multifactorial pathophysiology and is a sig-
nificant public health problem with strong association
with cardiovascular disease [35-47]. The incidence in the
UK for example is for middle-age men 1% - 2% which is
similar to diabetes mellitus type | and almost double that
of severe asthma [74]. Corresponding figures for mid-
dle-age women in the UK are 0.5% - 1%. These figures
are lower than comparable studies from other European
centres, but the male:female ratio is similar [28,29]. If
cardiovascular disease is the long term consequence of
OSA, the shorter perspective effects are interrupted sleep,
day time sleepiness, impaired cognition, mood and even
personality changes [75]. This in turn, will have conse-
quences on alertness during e.g. driving and at work
which may lead to work and traffic related accidents. It
has been speculated that road traffic accident risk in-
creases with up to 12 times in untreated OSA patients [76].
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Non-surgical treatment is the first line option together
with life style changes when treating patients with OSA.
CPAP has been established as the treatment with the
firmest evidence base [77]. Randomized control trials
comparing oral appliances to CPAP are all crossover
studies conducted in patients with symptomatic OSA.
For polysomnographic outcomes, the mean values for
AHI, oxygen saturation and sleep fragmentation favour
CPAP in these studies [78,79]. For surgical interventions,
the number and qualities of randomized control trails are
poor and case series on UPPP suggest at best 50% im-
provement in 50% of the cases and is not recommended
as a first line treatment [80,81]. Maxillomandibular ad-
vancement has shown promising long-term results in
cohort studies [66-71] but randomised controlled trials
are still required.

9. Conclusions

Sleep apnoea is formally defined as an apnoea-hypop-
noea index (AHI) of at least 5 episodes/hour (mild).
Contributing factors are obesity, alcohol and sedatives
contribute, as well as tonsilar hypertrophy and mandibu-
lar retrognathia (retroglossal space limited). Endocrine
conditions such as hypothyroidism and acromegaly have
also been reported associated with OSA. Except for ex-
cessive daytime sleepiness, headaches and irritability,
OSA may lead to hypertension, heart failure, Ml and
stroke. Sleepiness may also lead to work and road traffic
related accidents.

Management involves reduction of predisposing fac-
tors such as obesity and alcohol. Treatment with con-
tinuous positive airway pressure (CPAP) is currently
most common. Also uvulopalatopharyngeal surgery and
so called phase 1l surgery, which means advancement of
the jaw(s) with orthognatic surgical methods are used.
Treatment with dental appliances is getting increasingly
popular but the long term outcome remains debatable.
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