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Abstract

Obstructive sleep apnoea (OSA) is a common disorder characterized by repetitive narrowing or collapse of the
pharyngeal airway during sleep. The disorder is associated with major comorbidities including excessive daytime
sleepiness and increased risk of cardiovascular disease. The underlying pathophysiology is multifactorial and may vary
considerably between individuals. The primary objective of this article is to review the diagnosis, pathophysiology and
treatment of OSA as well as several of the comorbidities commonly associated with the disorder.
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Introduction and Definition

Obstructive sleep apnoea (OSA) is characterized by
repeated narrowing or collapse of the upper airway
during sleep. Episodes of complete airway collapse or
airway narrowing are often associated with oxygen
desaturation and terminated by an arousal from sleep.’
Individuals with OSA frequently have excessive
daytime sleepiness (somnolence) due to sleep
fragmentation from these repetitive arousals.

OSA is diagnosed using polysomnography (Figure 1),
which provides objective measures of the stages of
sleep as well as breathing pattern. Polysomnography
incorporates measurements of electroencephalogram
(brain activity), left and right electrooculograms (eye
movement), submental electromyogram (chin muscle
activity), tibial electromyogram (leg muscle activity),
electrocardiogram (heart activity), abdominal and
thoracic movement (respiratory effort), nasal and oral
airflow, nasal pressure, oxygen saturation, body
position and sound intensity. The time spent in each
sleep stage can be defined, as well as the pattern of
progression between stages to provide information on
sleep architecture. The arousal index (number of
arousals per hour of sleep) is used to quantify the
degree of sleep fragmentation. Oximetry, nasal airflow
(nasal pressure), oral airflow and abdominal and
thoracic movement are used to identify disordered
breathing events. Periods of apnoea (complete airway
collapse) and hypopnoea (airway narrowing) are

determined based on an abolition (in the case of an
apnoea) or reduction (in the case of a hypopnoea) in
airflow (Figure 1). The most current definitions
describe an apnoea as 290% decrease in airflow lasting
for more than 10s; a hypopnoea as a reduction in airflow
of 230% or a reduction in airflow but accompanied by a
24% oxygen desaturation, also lasting more than 10s.2
The severity of OSA is determined by the Apnoea-
hypopnoea Index (AHI), which is defined as the
number of apnoeas or hypopnoeas per hour of sleep.
OSA is defined as ‘mild’ if the AHI is between 5 and 15;
‘moderate’ if the AHI is between 15and 30; and ‘severe’

if the AHI is >30 events per hour. A clinical diagnosis of
OSA syndrome (OSAS) is made if an individual has an
AHI > 5 and they report excessive daytime somnolence

Prevalence of OSA

In a national sleep poll (questionnaire-based) in the
United States of America 3, undertaken in 2005, 6% of
individuals reported having apnoeas overnight, which
had been witnessed by others with 26% of the overall
population meeting the criteria for being a high risk of
having OSA. Duran et al. 4, in a study investigating the
prevalence of OSA in the general population, also
found that 6% of individuals reported having witnessed
apnoeas during sleep. In addition, approximately 30%
of individuals report habitual snoring 45 a hallmark of
OSA.
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Figure 1. A section of recording taken during a polysomnographic study on an OSA patient. The top panel depicts 30s of monitor-
ing (a 30 second epoch), the bottom panel, 5 minutes (a 5 minute epoch). The vertical red lines indicate coinciding timepoints
between the two panes.

A summary of the whole night (sleep hypnogram) is shown at the top of the image (marked with an arrow): yellow periods = stage
N1, green = stage N2; blue = stage N3; red = rapid eye movement (REM) sleep. The red line in the hypnogram also indicates the
coinciding timepoints in the two panes below. The hypnogram shows a preponderance of stage N2 sleep (“light” sleep) and
frequent awakenings throughout the night. This is characteristic of patients with OSA.

The recording channels depicted from top to bottom are as follows: C3-A2 = left central electroencephalogram (C3, brain activity)
referenced to the right mastoid reference (A2); C4-A1 = right central electroencephalogram (Cj, brain activity) referenced to the
left mastoid reference (A1); ROC-A1 = right electrooculugram (ROC, eye movement) referenced to the left mastoid reference
(A1); LOC-A2 = left electrooculugram (LOC, eye movement) referenced to the right mastoid reference (A2); L-EMG /R-EMG =
left and right submental electromyogram (EMG, chin muscle activity); L-ECG/R-ECG = left and right electrocardiogram (ECG,
heart activity); SaO2 = oxygen saturation measured with pulse oximetry; Prongs = nasal pressure signal; Airflow = nasal and oral
airflow measured with a thermistor; Thorax = respiratory effort (thoracic chest wall motion); Abdo = respiratory effort (abdominal
motion); LEG-L = left leg electromyogram; LEG-R = right leg electromyogram; Sound = snoring intenstity (decibels); and Position
= body position.

The top panel shows that the individual is in stage N2 sleep. The bottom panel shows that the patient is having repeated disordered
breathing events (obstructive apnoeas), each being accompanied by a transient arousal from sleep (top panel). Note the nasal
pressure (“prongs”) fluctuations, respiratory effort changes (in thorax and abdominal signals) and oxygen desaturations (red
blocks) indicating apnoeas (purple blocks). Note also the respiratory arousal (green block) associated with an apnoea.

Large population based studies using polysomnogra-
phy report the prevalence of OSA in men to be 4 to

Consequences of OSA

5%.4°6 The prevalence of OSA in females is lower than
thatin males and estimated to be 2 t0 2.5%.56 A review
of the population-based epidemiology studies has
estimated that the prevalence of OSAS, that is OSA
with daytime impairment, in Western countries is
approximately 5%.7

The prevalence of OSA reported by previous studies is
likely to be underestimated as obesity is the most
significant risk factor for OSA and the prevalence of
obesity throughout developed countries has increased
significantly in recent years 89 undoubtedly increasing
the prevalence of OSA in the general population.

Fragmented sleep

Increasing severity of OSA is associated with inefficient
sleep with decreased sleep time, a reduced proportion
of REM sleep ' " and an increase in the number of
arousals overnight coincident with obstructive respira-
tory events.' Sleep fragmentation is a hallmark of OSA
due to an increased number and frequency of arousals
from sleep in response to repetitive upper airway occlu-
sion and is at least partly responsible for the other
performance and health-related problems associated
with OSA.

Daytime sleepiness and impaired quality of life

People with OSA are sleepier than those without,
regardless of whether sleepiness is assessed objectively
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by laboratory-based measures of sleep latency or
subjectively by sleep symptom questionnaires. Exces-
sive sleepiness is associated with increased morbidity
including decreased productivity and increases in
vehicular and work-related accidents.’”>  Daytime
sleepiness rapidly decreases after treatment for OSA
with continuous positive airway pressure (CPAP)."

OSA patients have significantly lower general health
and health-related quality of life than those without
OSA."4:75 The level of impairment is directly related to
the extent of sleep fragmentation indicating that poor
sleep quality may be the most significant factor in deter-
mining quality of life in OSA patients.’® Treatment for
OSA with CPAP restores quality of life measures to
levels similar to that reported in normal healthy
individuals.™

Cognitive consequences

OSA has been associated with a wide range of cognitive
impairments including deficits in vigilance, memory,
psychomotor performance, attention and executive
function.7® The current belief is that these neurocog-
nitive impairments are due to intermittent hypoxia '7:19
and/or sleep fragmentation.2°

Intermittent hypoxia has been reported to significantly
affect sleepiness, memory, and executive function.2' 22
In OSA, these changes have been attributed to
decreases in grey matter and fiber integrity in brain
regions that regulate memory and executive functions
23 such as the frontal lobe and hippocampus.24:25

Sleep fragmentation may impact cognition via its
effects on attention rather than executive function.2°: 26
There is a strong similarity between cognitive deficits
seen in OSA and those seen in healthy individuals who
have been experimentally deprived of sleep.26 Such
sleep-deprived individuals show increased daytime
sleepiness and reduced activity in the prefrontal and
posterior parietal cortices and in the thalamus.?7 These
functional, central neural changes have been associated
with reductions in attention and vigilance.2® Sleep
fragmentation might also mediate the cognitive deficits
seen in OSA via dysfunction in neural networks,
especially in the frontal lobes.?" It is possible that these
neurobehavioral sequele do not completely return to
normal with therapy.24

Metabolic consequences

OSA is associated with alterations in metabolic function
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independently of obesity, than those without it.3?
Recently, Sharma et al.33 in a double-blind, placebo-
controlled study showed that treatment of OSA with
CPAP has significant benefits on the metabolic profile
of individuals with OSA, decreasing the frequency of
metabolic syndrome, decreasing total cholesterol, low
density lipoprotein and plasma triglycerides as well as
increasing high density lipoprotein levels.

The precise mechanism for metabolic dysfunction in
individuals with OSA is unknown, however there are
several possibilities. Firstly, untreated OSA patients
have increased sympathetic nerve activity which is
anti-insulin in its effects.34 Secondly, sleep disruption
and sleep deprivation and the associated sleep loss may
be associated with detrimental changes in glucocorti-
coid regulation and abnormal glucose tolerance.35
Finally, hypoxia may independently impair glucose
metabolism.3¢

Cardiovascular consequences

Cardiovascular disease is reported to be the most
common cause of death in OSA patients.37 Individuals
with OSA have up to an 11-fold increased risk of cardio-
vascular complications such as hypertension, ischaemic
heart disease and cardiovascular disease.38-4°

Severe OSA can cause significant sleep-related hypox-
emia, pulmonary hypertension and right heart
failure.443 OSA increases left ventricular afterload,
aggravating left ventricular failure.4> 44 Treating OSA
with CPAP in already treated heart failure patients
results in further improvements in heart function.44
While the exact mechanism for the association between
OSA and cardiovascular disease remains undefined it is
possible that increased generation of reactive oxygen
species with exposure to chronic intermittent hypoxia
and initiation and amplification of the inflammatory
process in OSA may play an important role.45 Support
for this hypothesis comes from studies in healthy
individuals showing that repeated exposure to
intermittent hypoxia leads to increased sympathetic
outflow, sustained daytime elevation in blood pressure,
and decreased baroreflex function.4%

All cause mortality

Several studies have reported a significantly increased
risk of death from any cause in OSA patients compared
to normal individuals, even when cardiovascular risk
factors are accounted for.47-48 Two studies, in Bussel-
ton (Australia) and Wisconsin (USA), using well-

defined and long-standing general population cohorts

including decreased glucose tolerance and increased have studied all-cause mortality in  OSA patients
insulin resistance.29-3° Several studies have reported a compared to individuals without OSA“49 5o Both
relationship between insulin resistance, AHI and studies  reported a significantly  greater all-cause
sleep-related hypoxemia.?9:3°  These associations mortality in individuals with moderate-severe OSA

appear to be independent of obesity.?9 3° Recently, than in individuals with no OSA. This increase appears

increasing severity of OSA has been linked to poor to be at least partly reversible as treatment of OSA with

glucose control in type Il diabetics.3' CPAP results  in reductions  in mortality37 47

Metabolic syndrome is a term used to describe the
clustering of several proatherogenic factors including
hypertension, dyslipidemia and impaired glucose
tolerance.32 OSA patients are reported to be g times
more likely to have metabolic syndrome,

Mechanisms of pharyngeal collapse in
OSA

The human upper airway (pharynx) can be thought of a
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as a collapsible tube. The presence of bony structures
and soft tissues increase extra-luminal pressure on the
tube and can predispose it to collapse. In contrast, the
upper airway dilator muscles act to maintain patency via
reflex pathways from the central nervous system and
from receptors within the upper airway itself. The
mechanisms underlying increased collapsibility of the
upper airway in OSA are thought to be multifactorial in
nature, but simplistically can be considered to be due to
changes in the mechanical loads placed on the upper
airway by surrounding structures (anatomical mecha-
nisms) and/or to changes in dynamic neuromuscular
responses (neurogenic mechanisms) to upper airway
obstruction during sleep.

Anatomical mechanisms

Anatomical changes to the upper airway may be an
important determinant of upper airway collapsibility
during sleep.5 Conditions such as tonsillar
hypertrophy52, acromegaly33, retrognathia54, and other
changes in mandibular structure 55have been associated
with OSA, likely due to anatomy-related narrowing of
the upper airway.

Ethnic differences in craniofacial structures are thought
to underlie the different prevalence estimates of OSA
among different ethnic groups for a given obesity
level.56 For example, Ip et al.57 reported prevalence
rates among Chinese men to be similar to white Ameri-
can males, however the mean BMI of the Chinese men
was lower than that of the Americans, suggestive of a
role for craniofacial structure in the pathogenesis of
OSA.

Obesity, one of the major risk factors for development
of OSAS is usually accompanied by increased neck
circumference and fat deposition around pharyngeal
structures.5® These changes increase the load on the
upper airway, reduce its cross sectional area and poten-
tially contribute to the OSA pathogenesis. Fat deposi-
tion around the neck may be particularly important,
with neck circumference being independently related
to OSA severity, even when BMl is accounted for.59 60
OSA patients have increased pharyngeal fat deposits
compared to age, BMI and neck circumference
matched control subjects 6" and these have been associ-
ated with an increase in AHI.92 A decrease in AHI has
been reported with weight loss-related reductions in
these fatty deposits.92 It is likely that fat deposition
around the neck and pharynx precipitates OSA by a
direct compressive effect on the airway lumen.

Central obesity is also related to OSA, with studies
reporting a relationship between AHI and waist circum-
ference, an indirect measure of abdominal obesity63,
and intra-abdominal and subcutaneous abdominal
fat.64 Central obesity is likely to increase upper airway
collapsibility through reductions in lung volume
(functional residual capacity)58 which is accentuated
with sleep onset.55 Such a decrease in lung volume may
affect upper airway collapsibility via a decrease in
caudal forces (traction) applied to the trachea and
pharynx.66: 67
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Neurogenic mechanisms

Skeletal muscle activity, including that of the upper
airway dilator muscles, normally decreases with sleep
onset. This decrease is particularly problematic in
predisposed individuals as it can lead to sleep-related
pharyngeal collapse. Increased baseline levels of upper
airway dilator muscle during wakefulness in individuals
with OSA is thought to represent a neuromuscular
compensatory mechanism for a smaller or more
collapsible airway.%® This compensatory augmentation
of activity is lost at sleep onset, permitting upper airway
collapse to ensue.%8

The mechanisms underlying the increase in wakeful
muscle activity are thought to be central or reflex in
origin and may include increases in wakeful drive to the
dilator muscles and/or activation of the upper airway
negative pressure reflex. This latter reflex is modulated
by pharyngeal and laryngeal pressure sensors and
causes an increase in upper airway dilator muscle
activity when negative intrathoracic pressure is trans-
mitted to the pharynx during inspiratory efforts.69:7°

It is also possible that neural pathways to and from the
pharynx are impaired in OSA, predisposing to obstruc-
tion. There are several lines of evidence to support
such a contention. Firstly, two-point discrimination
and vibration sensation thresholds in the upper airway
areimpaired in OSA patients compared to normals?, an
impairment which is partially reversible with CPAP
therapy for OSA. Secondly, OSA patients have
histopathologic changes to upper airway muscles
compared to normal individuals.7273 This may indicate
a process of dennervation and degeneration of upper
airway muscles in OSA patients. Such changes may
result from trauma induced by repetitive collapse and
re-opening of the upper airway during sleep. lItis also
possible that obesity-related hormones and cytokines
such as leptin could impair neuroanatomical interac-
tions necessary for stable breathing and increase the
frequency of OSA.58

Treatment of OSA

The most common treatments for OSA include weight
loss, CPAP therapy, mandibular advancement splint
therapy and surgical therapy.

Weight loss

OSA is related to obesity.37:74:75 Studies investigating
the effect of surgical weight loss (i.e. bariatric surgery)
on OSA report dramatic decreases in AHI 7677 and
arousal index and improvements in sleep architecture,
daytime sleepiness and quality of life.7®¢ Likewise,
studies investigating the effect of weight loss by diet
modification report significant decreases in AHI75:78-80
the number of oxygen desaturations 79-8", arousal index
81, improvements in metabolic status &' and daytime
sleepiness.’9: 8% In addition, weight loss results in a
decrease in upper airway collapsibility.79: 82 With
sufficient weight loss, the requirement for CPAP may
be abolished and/or the therapeutic pressure require-
ment decreased.7¢:77
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The mechanism by which weight loss decreases the
severity of OSA most likely relates to a decrease in neck
and pharyngeal fat, decreasing the compressive forces
on the upper airway. Central fat loss may also play an
important role due to improved lung volumes and
increased tension on the pharynx via caudal traction
mechanisms. Indeed, the change in AHI after dietary
weight loss has been shown to be strongly associated
with waist circumference.83

Continuous positive airway pressure

CPAP involves administration of air under pressure to
the upper airway via a nose or face mask. This provides
a pneumatic splint for the upper airway preventing
narrowing or collapse of the airway walls during
sleep.84 CPAP has been shown to reduce obstructive
events, significantly improve both objective and
subjective measures of daytime somnolence 8586 and
fatigue®7 and also improve sleep quality as it consoli-
dates sleep and returns oxygen saturation and arousal
indices to within normal limits.88

CPAP has been shown to reverse many of the complica-
tions associated with OSA: reducing risk of cardiovas-
cular events (fatal and non fatal) or disease 38:39; reduc-
ing systolic and diastolic blood pressure89; reducing
night time mean arterial pressure 89; reducing signs of
atherosclerosis9°; improving metabolic function33:91:92
and returning quality of life to that of individuals
without OSA.™ Its proven efficacy for reducing AHI
and daytime symptoms makes CPAP the mainstay
therapy for OSA.

An important determinant of therapy effectiveness is
patient compliance, with hours of CPAP use related to
the degree of improvements in Epworth Sleepiness
Score, multiple sleep latency score, cognitive function
and daytime functioning.93 Treatment compliance with
CPAP isreported to be between 31and 80% 9495, and is
largely dependent on patient education and follow-up.
Compliance in recent years has improved with the
development of humidifiers, expiratory pressure relief,
and improved nasal and oro-nasal interfaces. While it
may be expected that patient compliance should
improve with use of auto titrating positive pressure
devices, a meta-analysis of 9 studies comparing the
effectiveness of auto titrating positive airway pressure
and traditional CPAP9® showed that while mean
pressure overnight was significantly lower with the
auto titrating device, post-treatment AHI, subjective
sleepiness and adherence were similar with both
treatment modalities. This finding suggests that the
mode of pressure delivery may not be a significant
determinant of adherence to therapy.

Mandibular advancement splint

Mandibular advancement devices (MAD) are widely
used as an alternative to CPAP therapy. They are
designed to maintain upper airway patency by advanc-
ing the mandible and anteriorly displacing the
tongue?’, increasing the size of the upper airway98
thereby reducing its collapsibility during sleep.99 Ante-
rior displacement of the mandible and tongue may have
neuromuscular, as well as anatomical, effects on the
upper airway as MADshave been shown to increase
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the activity of upper airway dilator muscles which
would stiffen the airway wall and decrease its propen-
sity for collapse.™@°

In individuals with mild-moderate OSA, MAD therapy
has been shown to decrease subjective daytime
sleepiness’™"1°2 and objective daytime sleepiness.’?
Subjective and objective measures of snoring are also
improved with MAD therapy™'1°2, as are overnight
oxygen saturation measures.99°2  MAD therapy
significantly decreases objective measures of OSA
severity99: 101192 wjith reported decreases in AHI of
approximately 50%'"°2 and associated improve-
ments in sleep architecture.’17103

Between 30 and 65% of patients achieve complete
treatment success with MAD therapy.99:10%102
Decreases in AHI of between 2 and 35 events per hour
have been reported 86: 99: 101 102 g ggesting that issues
such as design and degree of mandibular advancement,
and patient selection are critical to its efficacy. The
therapy appears most suited to those with mild to
moderate OSA.

CPAP has a higher treatment success rate’4, decreases
AHI by a greater amount86:1931°4 and normalises sleep
architecture to a greater degree®4'°3 than MAD
therapy. When successful at decreasing AHI, both
treatments are effective at improving daytime
sleepiness.86:193

Surgery

The aim of surgical treatment of OSA is to increase
upper airway size, make the airway less collapsible and
prevent further obstruction. Surgical treatment has
been separated into two phases, outlined below.

Phase | surgical therapy

Phase | surgery is the most conservative approach and
addresses palatal and tongue base obstruction.

Uvulopalatopharyngoplasty (UPPP) is an example of
phase | surgery and is the most common surgical proce-
dure for the treatment of OSA. UPPP involves palate
shortening with tonsillectomy and lateral pharyngo-
plasty and has been shown to improve quality of life’®5
and daytime sleepiness, with a decrease in AHI of 33%
196 and up to 40% of patients being successfully treated
(i.e. >50% fall in AHI and an AHI <20 events.hr-1)."°7
However, the benefits of UPPP appear to deteriorate
over time."8

Temperature controlled radio-frequency tissue
ablation (TCRFTA) is used to induce a sub-mucosal
thermocoagulation lesion in the tongue. Subsequent
wound healing leads to fibrosis and tissue contraction.
TCRFTA decreases AHI by 34%'%, however the
therapy success rate is low, being approximately 20%.
Further, the longevity of beneficial effects is unclear, as
some individuals relapse and worsen after 2 years.'©9

Genioglossus advancement surgery involves a small
window being made in the lower jaw. This bony
window along with its attachment to the genioglossus
muscle is pulled forward and down, then fastened to
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the outside of the lower jaw."°"" The increased
tension on the genioglossus may be sufficient to
maintain airway patency at the level of the tongue base
during sleep. Hyoid suspension surgery requires
anterior movement of the hyoid complex and has been
shown to increase upper airway cross sectional area.”®

These surgical procedures can be performed in
isolation or combined to increase treatment success.
For example, combining UPPP with genioglossus
advancement; hyoid suspension or radiofrequency
treatment increases treatment success to 50 to 76%
"3 compared to 40% with UPPP alone.®7

Recent developments in surgery for snoring and OSA
include non-invasive procedures which can be
performed under local anaesthesia such as soft palate
implants which stiffen the palate. These implants have
been shown to reduce snoring, daytime sleepiness and
AHl in both habitual snorers and individuals with mild
to moderate OSA."4"5  However, the reported
changes in AHI are relatively small. 106,114, 15

Phase Il surgical treatment

Phase Il surgery involves the surgical advancement of
the mandible and/or maxilla and has been used to
successfully treat OSA in individuals with and without

craniofacial abnormalities.”® Mandibular advancement
advances the suprahyoid and tongue muscles ™7
whereas maxillary advancement advances the
velopharyngeal muscles.™® Combined, these proce-
dures significantly increase posterior air space and
decrease airway collapsibility.”® The procedure has
been reported to decrease AHI, improve oxygen
saturation, decrease stage N1 and stage N2 sleep and
increase stage N3 sleep, decrease arousal index and
improve fatigue and daytime sleepiness.’06:120.121 The
magnitude of these changes is reported to be equiva-
lent to that achieved with successful CPAP therapy.'2°:

121

Despite the high success rate, the pain and risk of
complications associated with surgery and the proven
efficacy of treatments such as CPAP therapy have
meant that these relatively complex surgical proce-
dures are not widely used in the treatment of individu-
als with OSA.

Hypoglossal Nerve Stimulation

Reduced upper airway muscle activity during sleep is
fundamental to the pathogenesis of OSA. The hypo-
glossal nerve innervates multiple upper airway
muscles, most importantly the genioglossus muscle
which is considered to be the major upper airway
dilator. Stimulation of the hypoglossal nerve results in
contraction of the genioglossus muscle, moving the
tongue in an anterior direction, thereby opening the
airway and preventing collapse. Building on early work
by Eisele et al.’>2 and Schwartz et al.’3, several recent
studies have investigated the efficacy of hypoglossal
nerve stimulation as a treatment for OSA. These
studies have reported significant increases in airflow
124, decreases in AHI and OSA symptoms and have
shown this to be a safe and effective treatment for
OSA. 125126
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Summary

OSA is a highly prevalent sleep disorder, the patho-
physiology of which is not yet fully understood. It is
associated with significant health and safety risks as
well as markedly decreased quality of life. Therapy,
particularly CPAP is extremely effective in improving
symptoms and other adverse health effects.

References

1) American Academy of Sleep Medicine Task Force.
Sleep-related breathing disorders in adults:
recommendations for syndrome definition and
measurement techniques in clinical research. The
Report of an American Academy of Sleep
Medicine Task Force. Sleep. 1999;22:667-89.

2) Iber C, Ancoli-Israel S, Chesson A, Quan S. The
AASM Manual for the Scoring of Sleep and
Associated Events: Rules, Terminology and
Technical Specifications. 1st ed. Westchester,
Illinois: American Academy of Sleep Medicine;
2007.

3) Hiestand DM, Britz P, Goldman M, Phillips B.
Prevalence of symptoms and risk of sleep apneain
the US population: Results from the national sleep
foundation sleep in America 2005 poll. Chest.
2006;130:780-6.

4) Duran), Esnaola S, Rubio R, Iztueta A.
Obstructive sleep apnea-hypopnea and related
clinical features in a population-based sample of
subjects aged 30 to 70 yr. Am ] Respir Crit Care
Med. 2001;163:685-9.

5) Sharma SK, Kumpawat S, Banga A, Goel A.
Prevalence and risk factors of obstructive sleep
apnea syndrome in a population of Delhi, India.
Chest. 2006;130:149-56.

6) Young T, Palta M, Dempsey J, Skatrud ), Weber
S, Badr S. The occurence of sleep-disordered
breathing among middle-aged adults. New Engl )
Med. 1993;328:1230-5.

7) Young T, Peppard PE, Gottlieb D). Epidemiology
of obstructive sleep apnea: a population health
perspective. Am ) Respir Crit Care Med.
2002;165:1217-39.

8) Ogden CL, Carroll MD, Curtin LR, McDowell
MA, Tabak CJ, Flegal KM. Prevalence of
overweight and obesity in the United States,
1999-2004. JAMA. 2006;295:1549-55.

9) Stewarts, Tikellis G, Carrington C, Walker K,
O’'DeaK. Australia’s future ‘Fat Bomb’: A report
on the long-term consequences of Australia’s
expanding waistline on cardiovascular disease.
Melbourne, Australia: BHRI2008.

10) Redline S, Kirchner HL, Quan SF, Gottlieb DJ,
KapurV, Newman A. The effects of age, sex,
ethnicity, and sleep-disordered breathing on sleep
architecture. Arch Intern Med. 2004;164:406-18.



Review Article

1)

13)

14)

15)

17)

19)

20)

21)

22)

Treatment

Guilleminault C, Partinen M, Quera-Salva MA,
Hayes B, Dement WC, Nino-Murcia G.
Determinants of daytime sleepiness in obstructive
sleep apnea. Chest. 1988;94:32-7.

George CF. Reduction in motor vehicle collisions
following treatment of sleep apnoea with nasal
CPAP. Thorax. 2001;56:508-12.

Tregear S, Reston ), Schoelles K, Phillips B.
Continuous positive airway pressure reduces risk
of motor vehicle crash among drivers with
obstructive sleep apnea: systematic review and
meta-analysis. Sleep. 2010;33:1373-80.

Gulbay BE, Acican T, Onen ZP, Yildiz OA,
Baccioglu A, Arslan F, et al. Health-Related
Quality of Life in Patients with Sleep-Related
Breathing Disorders: Relationship with Nocturnal
Parameters, Daytime Symptoms and Comorbid
Diseases. Respiration. 2008;75:393-401.

Briones B, Adams N, Strauss M, Rosenberg C,
Whalen C, Carskadon M, et al. Relationship
between sleepiness and general health status.
Sleep.1996;19:583-8.

Bennett LS, Barbour C, Langford B, Stradling JR,
Davies R). Health status in obstructive sleep
apnea: relationship with sleep fragmentation and
daytine sleepiness, and effects of continuous
positive airway pressure treatment. Am J Respir
Crit Care Med. 1999;159:1884-90.

Sforza E, Roche F. Sleep apnea syndrome and
cognition. Front Neurol. 2012;3:87.

Salorio CF, White DA, Piccirillo ), Duntley SP,
Uhles ML. Learning, memory, and executive
control in individuals with obstructive sleep apnea
syndrome. ] Clin Exp Neuropsychol.
2002;24:93-100.

Beebe DW, Groesz L, Wells C, Nichols A, McGee
K. The neuropsychological effects of obstructive
sleep apnea: a meta-analysis of norm-referenced
and case-controlled data. Sleep.
2003;26:298-307.

Verstraeten E, Cluydts R, Pevernagie D,
Hoffmann G. Executive function in sleep apnea:
controlling for attentional capacity in assessing
executive attention. Sleep. 2004;27(4):685-93.

Beebe DW, Gozal D. Obstructive sleep apnea and
the prefrontal cortex: towards a comprehensive
model linking nocturnal upper airway obstruction
to daytime cognitive and behavioral deficits. |
Sleep Res. 2002;11:1-16.

Tartar JL, McKenna JT, Ward CP, McCarley RW,
Strecker RE, Brown RE. Sleep fragmentation
reduces hippocampal CA1 pyramidal cell
excitability and response to adenosine. Neurosci
Lett. 2010;469:1-5.

Obstructive Sleep Apnoea: Prevalence, Consequences, Pathophysiology &

23)

24)

25)

26)

27)

28)

29)

30)

32)

33)

34)

35)

Volume 1, Number 3

Canessa N, Castronovo V, Cappa SF, Aloia MS,
Marelli S, Falini A, et al. Obstructive Sleep Apnea:
Brain Structural Changes and Neurocognitive
Function before and after Treatment. Am | Respir
Crit Care Med. 2011;183:1419-26.

O'Donoghue F), Wellard RM, Rochford PD,
Dawson A, Barnes M, Ruehland WR, et al.
Magnetic resonance spectroscopy and
neurocognitive dysfunction in obstructive sleep
apnea before and after CPAP treatment. Sleep.
2012;35:41-8.

Macey PM, Kumar R, Woo MA, Valladares EM,
Yan-Go FL, Harper RM. Brain structural changes
in obstructive sleep apnea. Sleep. 2008;31:967-77.

Verstraeten E, Cluydts R. Executive control of
attention in sleep apnea patients: theoretical
concepts and methodological considerations.
Sleep Med Rev. 2004;8:257-67.

Thomas M, Sing H, Belenky G, Holcomb H,
Mayberg H, Dannals R, et al. Neural basis of
alertness and cognitive performance impairments
during sleepiness. |. Effects of 24 h of sleep
deprivation on waking human regional brain
activity. ] Sleep Res. 2000;9:335-52.

Verstraeten E. Neurocognitive effects of
obstructive sleep apnea syndrome. Curr Neurol
Neurosci Rep. 2007;7:161-6.

Ip MS, Lam B, Ng MM, Lam WK, Tsang KW, Lam
KS. Obstructive sleep apnea is independently
associated with insulin resistance. Am ) Respir Crit
Care Med. 2002;165:670-6.

McArdle N, Hillman D, Beilin L, Watts G.
Metabolic risk factors for vascular disease in
obstructive sleep apnea: a matched controlled
study. Am ] Respir Crit Care Med.

2007;175:190-5.

Aronsohn RS, Whitmore H, Van Cauter E, Tasali
E. Impact of untreated obstructive sleep apnea on
glucose control in type 2 diabetes. Am J Respir Crit
Care Med. 2010;181:507-13.

Coughlin SR, Mawdsley L, Mugarza JA, Calverley
PM, Wilding JP. Obstructive sleep apnoea is
independently associated with an increased
prevalence of metabolic syndrome. Eur Heart .

2004;25:735-41.

Sharma SK, Agrawal S, Damodaran D, Sreenivas
V, Kadhiravan T, Lakshmy R, et al. CPAP for the
Metabolic Syndrome in Patients with Obstructive
Sleep Apnea. New Engl ] Med. 2011;365:2277-86.

Dimsdale JE, Coy T, Ziegler MG, Ancoli-Israel S,
Clausen J. The effect of sleep apnea on plasma and
urinary catecholamines. Sleep. 1995;18:377-81.

Spiegel K, Leproult R, Van Cauter E. Impact of
sleep debt on metabolic and endocrine function.

Lancet.1999;354:1435-9.



Review Article
Treatment

36) LarsenJJ, Hansen JM, Olsen NV, Galbo H, Dela F.
The effect of altitude hypoxia on glucose
homeostasis in men. ) Physiol. 1997;504:241-9.

37) Campos-Rodriguez F, Pena-Grinan N,
Reyes-Nunez N, De la Cruz-Moron |,
Perez-Ronchel ], De la Vega-Gallardo F, et al.
Mortality in obstructive sleep apnea-hypopnea
patients treated with positive airway pressure.
Chest. 2005;128:624-33.

38) Peker Y, Hedner J, Norum J, Kraiczi H, Carlson ).
Increased incidence of cardiovascular disease in
middle-aged men with obstructive sleep apnea: a
7-year follow-up. Am ] Respir Crit Care Med.
2002;166:159-65.

39) Marin JM, Carrizo SJ, Vicente E, Agusti AG.
Long-term cardiovascular outcomes in men with
obstructive sleep apnoea-hypopnoea with or
without treatment with continuous positive
airway pressure: an observational study. Lancet.
2005;365:1046-53.

40) Marin JM, Agusti A, Villar |, Forner M, Nieto D,
Carrizo SJ, et al. Association between treated and
untreated obstructive sleep apnea and risk of
hypertension. JAMA. 2012;307:2169-76.

41) Shamsuzzaman AS, Gersh BJ, Somers VK.
Obstructive sleep apnea: implications for cardiac
and vascular disease. JAMA. 2003;290:1906-14.

42) Bradley TD, Floras JS. Sleep apnea and heart
failure: Part |: obstructive sleep apnea.
Circulation. 2003;107:1671-8.

43) Sajkov D, Cowie R}, Thornton AT, Espinoza HA,
McEvoy RD. Pulmonary hypertension and
hypoxemia in obstructive sleep apnea syndrome.
Am ) Respir Crit Care Med. 1994;149:416-22.

44) Kaneko Y, Floras ]S, Usui K, Plante J, TkacovaR,
Kubo T, et al. Cardiovascular effects of continuous
positive airway pressure in patients with heart
failure and obstructive sleep apnea. N Engl ] Med.

2003;348:1233-41.

45) Gozal D, Kheirandish-Gozal L. Cardiovascular
Morbidity in Obstructive Sleep Apnea: Oxidative
Stress, Inflammation, and Much More. Am )
Respir Crit Care Med. 2008;177:369-75.

46) Tamisier R, Pépin JL, Rémy ], Baguet )P, Taylor JA,
Weiss JW, et al. 14 nights of intermittent hypoxia
elevate daytime blood pressure and sympathetic
activity in healthy humans. Eur Respir ).
2011;37:119-28.

47) Marti S, Sampol G, Munoz X, Torres F, Roca A,
Lloberes P, et al. Mortality in severe sleep
apnoea/hypopnoea syndrome patients: impact of
treatment. Eur RespirJ. 2002;20:1511-8.

48) Yaggi HK, Concato J, Kernan WN, Lichtman JH,
Brass LM, Mohsenin V. Obstructive sleep apnea as
arisk factor for stroke and death.

Obstructive Sleep Apnoea: Prevalence, Consequences, Pathophysiology &

Volume 1, Number 3

N Engl ) Med. 2005;353:2034-41.

49) Marshall NS, Wong KKH, Liu PY, Cullen SR},
Knuiman MW, Grunstein RR. Sleep Apnea as an
Independent Risk Factor for All-Cause Mortality:
The Busselton Health Study. Sleep.
2008;31:1079-85.

50) Young T, Finn L, Peppard PE, Szklo-Coxe M,
Austin D, Nieto J, et al. Sleep Disordered
Breathing and Mortality: Eighteen-Year
Follow-up of the Wisconsin Sleep Cohort. Sleep.
2008;31:1071-8.

51) Schwab R). Pro: sleep apnea is an anatomic
disorder. Am ] Respir Crit Care Med.
2003;168:270-1.

52) Moser R, 3rd, Rajagopal KR. Obstructive sleep
apnea in adults with tonsillar hypertrophy. Arch
Intern Med. 1987;147:1265-7.

53) Isono S, Saeki N, Tanaka A, Nishino T.
Collapsibility of passive pharynx in patients with
acromegaly. Am ) Respir Crit Care Med.
1999;160:64-8.

54) Tangugsorn V, Skatvedt O, Krogstad O, Lyberg T.
Obstructive sleep apnoea: a cephalometric study.
Part|. Cervico-craniofacial skeletal morphology.
Eur) Orthod. 1995;17:45-56.

55) Watanabe T, Isono S, Tanaka A, Tanzawa H,
Nishino T. Contribution of body habitus and
craniofacial characteristics to segmental closing
pressures of the passive pharynx in patients with
sleep-disordered breathing. Am ] Respir Crit Care
Med. 2002;165:260-5.

56) Cakirer B, Hans MG, Graham G, Aylor ), Tishler
PV, Redline S. The relationship between
craniofacial morphology and obstructive sleep
apnea in whites and in African-Americans. Am |
Respir Crit Care Med. 2001;163:947-50.

57) Ip MS, Lam B, Lauder 1), Tsang KW, Chung KF,
Mok YW, et al. A community study of
sleep-disordered breathing in middle-aged
Chinese men in Hong Kong. Chest.
2001;119:62-9.

58) Isono S. Obesity and obstructive sleep apnoea:
Mechanisms for increased collapsibility of the
passive pharyngeal airway. Respirology.
2012;17:32-42.

59) DaviesR), Ali NJ, Stradling JR. Neck
circumference and other clinical features in the
diagnosis of the obstructive sleep apnoea
syndrome. Thorax. 1992;47:101-5.

60) Davies R}, Stradling JR. The relationship between
neck circumference, radiographic pharyngeal
anatomy, and the obstructive sleep apnoea
syndrome. Eur Respir).1990;3:509-14.



Review Article
Treatment

61) Mortimore IL, Marshall I, Wraith PK, Sellar R},
Douglas NJ. Neck and total body fat deposition in
nonobese and obese patients with sleep apnea
compared with that in control subjects. Am |
Respir Crit Care Med. 1998;157:280-3.

62) Shelton KE, Woodson H, Gay S, Suratt PM.
Pharyngeal fat in obstructive sleep apnea. Am Rev
Respir Dis. 1993;148:462-6.

63) Millman RP, Carlisle CC, McGarvey ST, Eveloff
SE, Levinson PD. Body fat distribution and sleep
apnea severity in women. Chest. 1995;107:362-6.

64) Schafer H, Pauleit D, Sudhop T, Gouni-Berthold I,
Ewig S, Berthold HK. Body fat distribution, serum
leptin, and cardiovascular risk factors in men with
obstructive sleep apnea. Chest. 2002;122:829-39.

65) Patil SP, Schneider H, Schwartz AR, Smith PL.
Adult obstructive sleep apnea: pathophysiology
and diagnosis. Chest. 2007;132:325-37.

66) Rowley JA, Permutt S, Willey S, Smith PL,
Schwartz AR. Effect of tracheal and tongue
displacement on upper airway airflow dynamics. )
Appl Physiol. 1996;80:2171-8.

67) Thut DC, Schwartz AR, Roach D, Wise RA,
Permutt S, Smith PL. Tracheal and neck position
influence upper airway airflow dynamics by
altering airway length. ] Appl Physiol.
1993;75:2084-90.

68) Fogel RB, Trinder J, White DP, Malhotra A,
Raneri), Schory K, et al. The effect of sleep onset
on upper airway muscle activity in patients with
sleep apnoea versus controls. ] Physiol.

2005;564:549-62.

69) Malhotra A, Fogel RB, Edwards JK, Shea SA,
White DP. Local mechanisms drive genioglossus
activation in obstructive sleep apnea. Am ) Respir
Crit Care Med. 2000;161:1746-9.

70) Berry RB, Kouchi KG, Bower JL, Light RW. Effect
of upper airway anesthesia on obstructive sleep
apnea. Am ) Respir Crit Care Med.

1995;151:1857-61.

71) Kimoff R), Sforza E, Champagne V, Ofiara L,
Gendron D. Upper airway sensation in snoring
and obstructive sleep apnea. Am ) Respir Crit Care
Med. 2001;164:250-5.

72) Lindman R, Stal PS. Abnormal palatopharyngeal
muscle morphology in sleep-disordered
breathing. ) Neurol Sci. 2002;195:11-23.

73) Stauffer JL, Buick MK, Bixler EO, Sharkey FE, Abt
AB, Manders EK, et al. Morphology of the uvulain
obstructive sleep apnea. Am Rev Respir Dis.

1989;140:724-8.

74) Tishler PV, Larkin EK, Schluchter MD, Redline S.
Incidence of sleep-disordered breathingin an
urban adult population: the relative importance

Obstructive Sleep Apnoea: Prevalence, Consequences, Pathophysiology &

Volume 1, Number 3

of risk factors in the development of
sleep-disordered breathing. JAMA.
2003;289:2230-7.

75) Browman CP, Sampson MG, Yolles SF, Gujavarty
KS, Weiler SJ, Walsleben JA, et al. Obstructive
sleep apnea and body weight. Chest.

1984;85:435-8.

76) Dixon B, Schachter LM, O'Brien PE.
Polysomnography before and after weight loss in
obese patients with severe sleep apnea. Int) Obes
(Lond). 2005;29:1048-54.

77) Guardiano SA, Scott JA, Ware JC, Schechner SA.
The long-term results of gastric bypass on indexes
of sleep apnea. Chest. 2003;124:1615-9.

78) Johansson K, Hemmingsson E, Harlid R, Trolle
Lagerros Y, Granath F, Rossner S, et al. Longer
term effects of very low energy diet on
obstructive sleep apnoea in cohort derived from
randomised controlled trial: prospective
observational follow-up study. BM].
2011;342:d3017.

79) Suratt PM, McTier RF, Findley L}, Pohl SL,
Wilhoit SC. Changes in breathing and the pharynx
after weight loss in obstructive sleep apnea.
Chest. 1987;92:631-7.

80) Smith PL, Gold AR, Meyers DA, Haponik EF,
Bleecker ER. Weight loss in mildly to moderately
obese patients with obstructive sleep apnea. Ann
Intern Med. 1985;103:850-5.

81) Nerfeldt P, Nilsson BY, Mayor L, Udden J, Friberg
D. A two-year weight reduction program in obese
sleep apnea patients. ) Clin Sleep Med.
2010;6:479-86.

82) Schwartz AR, Gold AR, Schubert N, Stryzak A,
Wise RA, Permutt S, et al. Effect of weight loss on
upper airway collapsibility in obstructive sleep
apnea. Am Rev Respir Dis. 1991;144:494-8.
Tuomilehto HPI, Seppd JM, Partinen MM,
Peltonen M, Gylling H, Tuomilehto JOI, et al.
Lifestyle Intervention with Weight Reduction. Am
) Respir Crit Care Med. 2009;179:320-7.

83) Tuomilehto HPI, Seppa JM, Partinen MM,
Peltonen M, Gylling H, Tuomilehto JOI, et al.
Lifestyle Intervention with Weight Reduction. Am
) Respir Crit Care Med. 2009;179:320-7.

84) Sullivan CE, Issa FG, Berthon-Jones M, Eves L.
Reversal of obstructive sleep apnoea by
continuous positive airway pressure applied
through the nares. Lancet. 1981;1:862-5.

85) Patel SR, White DP, Malhotra A, Stanchina ML,
Ayas NT. Continuous positive airway pressure
therapy for treating sleepiness in a diverse
population with obstructive sleep apnea: results
of a meta-analysis. Arch Intern Med.
2003;163:565-71.



Review Article
Treatment

86) Clark GT, Blumenfeld |, Yoffe N, Peled E, Lavie P.
A crossover study comparing the efficacy of
continuous positive airway pressure with anterior
mandibular positioning devices on patients with
obstructive sleep apnea. Chest. 1996;109:1477-83.

87) Tomfohr LM, Ancoli-Israel S, Loredo JS, Dimsdale
JE. Effects of continuous positive airway pressure
on fatigue and sleepiness in patients with
obstructive sleep apnea: data from a randomized
controlled trial. Sleep. 2011;34:121-6.

88) Loredo JS, Ancoli-Israel S, Kim EJ, Lim W),
Dimsdale JE. Effect of continuous positive airway
pressure versus supplemental oxygen on sleep
quality in obstructive sleep apnea: a
placebo-CPAP-controlled study. Sleep.
2006;29:564-71.

89) Bazzano LA, Khan Z, Reynolds K, He J. Effect of
nocturnal nasal continuous positive airway
pressure on blood pressure in obstructive sleep
apnea. Hypertension. 2007;50:417-23.

90) Drager LF, Bortolotto LA, Figueiredo AC, Krieger
EM, Lorenzi GF. Effects of continuous positive
airway pressure on early signs of atherosclerosis in
obstructive sleep apnea. Am | Respir Crit Care
Med. 2007;176:706-12.

91) Lam JCM, Lam B, Yao TJ, Lai AYK, Ooi CG, Tam
S, etal. Arandomised controlled trial of nasal
continuous positive airway pressure on insulin
sensitivity in obstructive sleep apnoea. Eur Respir )

2010;35:138-45.

92) Phillips CL, Yee BJ, Marshall NS, Liu PY, Sullivan
DR, Grunstein RR. Continuous Positive Airway
Pressure Reduces Postprandial Lipidemia in
Obstructive Sleep Apnea. Am ] Respir Crit Care
Med. 2011;184:355-61.

93) Weaver TE, Maislin G, Dinges DF, Bloxham T,
George CF, Greenberg H, et al. Relationship
between hours of CPAP use and achieving normal
levels of sleepiness and daily functioning. Sleep.
2007;30:711-9.

94) Richard W, Venker J, den Herder C, Kox D, van
den Berg B, Laman M, et al. Acceptance and
long-term compliance of nCPAP in obstructive
sleep apnea. Eur Arch Otorhinolaryngol.
2007;264:1081-6.

95) Richards D, Bartlett D), Wong K, Malouff ),
Grunstein RR. Increased adherence to CPAP with
a group cognitive behavioral treatment
intervention: a randomized trial. Sleep.
2007;30:635-40.

96) Ayas NT, Patel SR, Malhotra A, Schulzer M,
Malhotra M, Jung D, et al. Auto-titrating versus
standard continuous positive airway pressure for
the treatment of obstructive sleep apnea: results
of a meta-analysis. Sleep. 2004;27:249-53.

Obstructive Sleep Apnoea: Prevalence, Consequences, Pathophysiology &

Volume 1, Number 3

97) Lim ), Lasserson T), Fleetham ), Wright ). Oral
appliances for obstructive sleep apnoea. Cochrane
Database Syst Rev. 2006:CD004435.

98) Sutherland K, Deane SA, Chan AS, Schwab R}, Ng
AT, Darendeliler MA, et al. Comparative effects
of two oral appliances on upper airway structure
in obstructive sleep apnea. Sleep. 2011;34:469-77.

99) Ng AT, Gotsopoulos H, Qian J, Cistulli PA. Effect
of oral appliance therapy on upper airway
collapsibility in obstructive sleep apnea. Am )
Respir Crit Care Med. 2003;168:238-41.

100) Johal A, Gill G, Ferman A, McLaughlin K. The
effect of mandibular advancement appliances on
awake upper airway and masticatory muscle
activity in patients with obstructive sleep apnoea.
Clin Physiol Funct Imaging. 2007;27:47-53.

101) Mehta A, Qian J, Petocz P, Darendeliler MA,
Cistulli PA. A randomized, controlled study of a
mandibular advancement splint for obstructive
sleep apnea. Am ) Respir Crit Care Med.
2001;163:1457-61.

102) Gotsopoulos H, Chen C, Qian J, Cistulli PA. Oral
appliance therapy improves symptoms in
obstructive sleep apnea: a randomized, controlled
trial. Am J Respir Crit Care Med. 2002;166:743-8.

103) Barnes M, McEvoy RD, Banks S, Tarquinio N,
Murray CG, Vowles N, et al. Efficacy of positive
airway pressure and oral appliance in mild to
moderate obstructive sleep apnea. Am ) Respir
Crit Care Med. 2004;170:656-64.

104) Engleman HM, McDonald JP, Graham D, Lello
GE, Kingshott RN, Coleman EL, et al. Randomized
crossover trial of two treatments for sleep
apnea/hypopnea syndrome: continuous positive
airway pressure and mandibular repositioning
splint. Am ] Respir Crit Care Med.
2002;166:855-9.

105) Walker-Engstrom ML, Wilhelmsson B, Tegelberg
A, Dimenas E, Ringquist I. Quality of life
assessment of treatment with dental appliance or
UPPP in patients with mild to moderate
obstructive sleep apnoea. A prospective
randomized 1-year follow-up study. J Sleep Res.
2000;9:303-8.

106) Caples SM, Rowley JA, Prinsell JR, Pallanch JF,
Elamin MB, Katz SG, et al. Surgical modifications
of the upper airway for obstructive sleep apneain
adults: a systematic review and meta-analysis.
Sleep. 2010;33:1396-407.

107) Senior BA, Rosenthal L, Lumley A, Gerhardstein
R, Day R. Efficacy of uvulopalatopharyngoplasty
in unselected patients with mild obstructive sleep
apnea. Otolaryngol Head Neck Surg.
2000;123:179-82.

108) Boot H, van Wegen R, Poublon RM, Bogaard JM,
Schmitz Pl, van der Meche FG. Long-term



Review Article
Treatment

results of uvulopalatopharyngoplasty for
obstructive sleep apnea syndrome. Laryngoscope.
2000;110:469-75.

109) Li KK, Powell NB, Riley RW, Guilleminault C.
Temperature-controlled radiofrequency tongue
base reduction for sleep-disordered breathing:
Long-term outcomes. Otolaryngol Head Neck
Surg. 2002;127:230-4.

110) Powell NB, Riley RW, Guilleminault C. Surgical
management of sleep-disordered breathing. In:
Kryger MH, Roth M, Dement WC, editors.
Principles and practice of sleep medicine. 4th ed.
Philidelphia: Elsevier Saunders; 2005. p. 1081-97.

111) Barrera JE, Powell NB, Riley RW. Facial skeletal
surgery in the management of adult obstructive
sleep apnea syndrome. Clin Plast Surg. 2007

Jul;34:565-73.

112) Liu SA, Li HY, Tsai WC, Chang KM. Associated
factors to predict outcomes of
uvulopharyngopalatoplasty plus genioglossal
advancement for obstructive sleep apnea.
Laryngoscope. 2005;115:2046-50.

113) Jacobowitz O. Palatal and tongue base surgery for
surgical treatment of obstructive sleep apnea: a
prospective study. Otolaryngol Head Neck Surg.
2006;135:258-64.

114) Nordgard S, Stene BK, Skjostad KW. Soft palate
implants for the treatment of mild to moderate
obstructive sleep apnea. Otolaryngol Head Neck
Surg. 2006;134:565-70.

115) Walker RP, Levine HL, Hopp ML, Greene D.
Extended follow-up of palatal implants for OSA
treatment. Otolaryngol Head Neck Surg.
2007;137:822-7.

116) LiKK, Riley RW, Powell NB, Guilleminault C.
Maxillomandibular advancement for persistent
obstructive sleep apnea after phase | surgery in
patients without maxillomandibular deficiency.
Laryngoscope. 2000;110:1684-8.

Obstructive Sleep Apnoea: Prevalence, Consequences, Pathophysiology &

Volume 1, Number 3

117) Wickwire NA, White RP, Jr., Proffit WR. The
effect of mandibular osteotomy on tongue
position. ) Oral Surg. 1972;30:184-90.

118) Schendel SA, Oeschlaeger M, Wolford LM, Epker
BN. Velopharyngeal anatomy and maxillary
advancement. ] Maxillofac Surg. 1979;7:116-24.

119) Li KK, Guilleminault C, Riley RW, Powell NB.
Obstructive sleep apnea and maxillomandibular
advancement: an assessment of airway changes
using radiographic and nasopharyngoscopic
examinations. ] Oral Maxillofac Surg.
2002;60:526-30; discussion 31.

120) ConradtR, Hochban W, Brandenburg U,
Heitmann ], Peter JH. Long-term follow-up after
surgical treatment of obstructive sleep apnoea by
maxillomandibular advancement. Eur Respir ).
1997;10:123-8.

121) Hochban W, Brandenburg U, Peter JH. Surgical
treatment of obstructive sleep apnea by
maxillomandibular advancement. Sleep.

1994;17:624-9.

122) Eisele DW, Smith PL, Alam DS, Schwartz AR.
Direct hypoglossal nerve stimulation in
obstructive sleep apnea. Arch Otolaryngol Head
Neck Surg. 1997;123:57-61.

123) Schwartz AR, Bennett ML, Smith PL, De Backer
W, Hedner J, Boudewyns A, et al. Therapeutic
electrical stimulation of the hypoglossal nerve in
obstructive sleep apnea. Arch Otolaryngol Head
Neck Surg. 2001;127:1216-23.

124) Schwartz AR, Barnes M, Hillman D, Malhotra A,
Kezirian E, Smith PL, et al. Acute Upper Airway
Responses to Hypoglossal Nerve Stimulation
during Sleep in Obstructive Sleep Apnea. Am |
Respir Crit Care Med. 2012;185:420-6.

125) Eastwood PR, Barnes M, Walsh JH, Maddison K],
Hee G, Schwartz AR, et al. Treating Obstructive
Sleep Apnea with Hypoglossal Nerve Stimulation.
Sleep. 2011;34:1479-86.

126) Van de Heyning PH, Badr MS, Baskin JZ, Cramer
Bornemann MA, De Backer WA, Dotan VY, et al.
Implanted upper airway stimulation device for
obstructive sleep apnea. Laryngoscope.
2012;122:1626-33.



