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Preface

Perhaps you reached for this book out of pure curiosity, which
would be slightly strange but by no means unwelcome; there’s a
lot in here that epitomises the spirit of medicine—a field rooted in
millennia of tradition yet one that harnesses the most recent
advances in science and technology. It’s an inescapable priority
for all intelligent life. This volume traces a salient disease affect-
ing millions today from its earliest experimental ramblings in the
ancient world to the latest surgical interventions of the present
century. It will no doubt be interesting for you in this way.

If, however, you picked up this book because you think you, or
a loved one, may have Obstructive Sleep Apnoea Syndrome, then
allow us to be the bearers of consolation. Though it may have its
romance, medicine is not easily navigable, and one can become
quickly confused and frustrated by the cacophonous narratives
that plague the internet and media. Your efforts might feel to have
been in vain, and your anxiety deepened, and we understand. We
have written this present volume precisely for you.

The fundamental issue with such a disorder is that it is highly
individualised, so no two patients with the same condition would
likely receive the same management strategy. The book will talk
about many treatments, and at each, the question on your mind
may be “well, why not just give me this one?”, but the reality is
that the case that concerns you is likely to be entirely unique.

vii
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Only a specialist with the right tools can plan the proper treat-
ment. Our job is to inform you about the disorder, and we hope
that you come out of it confident about your next step.

- THE AUTHORS

Arnav Shetty
Peter M Baptista Jardin
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An Introduction to the Field
of Breathing, Circulation,
and Sleep Medicine

A third of our lives is dedicated to the comfortable idleness of
sleep. When we close our eyes, dream easy, and then open them to
a new day, it’s easy to undermine its importance. Still, the reality
remains that how we sleep significantly affects our waking state.
We all know how a bad night’s sleep can throw us off kilter the
next day, and a couple in a row can leave us fatigued, irritable, and
unproductive. We can reverse these effects easily in the short term
with some decent shuteye, but poor sleep over a long period can
have some dire consequences such as a decrease in brain function,
stunting of growth, decreased life expectancy, and a heightened
risk of obesity, cardiovascular disease, and even cancer.

Building and maintaining good sleep habits—or sleep
hygiene—is becoming a popular conversation in our modern day,
where ample stress and endless distractions threaten the sanctity
of our sleep. For many who find trouble getting to or staying
asleep, aspects of their lifestyles such as caffeine consumption,
device usage near bedtime, timing of sleep, etc., would be very
worthwhile looking into.

For some, however, their troubles lie in the quality of sleep that
they get. They find themselves sleeping the whole night but still
waking up tired, or perhaps they are informed by their partner that
they stop breathing or wake up repeatedly during sleep. This book
is for these people. The other reason that we might not be getting
our fair share of sleep is that we may suffer from a sleep disor-

© The Author(s), under exclusive license to Springer Nature 1
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der—a condition that affects, at some point, over half of the popu-
lation. The prevalence of sleep disorders within the population is
often underestimated because they act at a time when we are
unaware and vulnerable and so take a long time to be discovered,
if at all.

Although leaps and bounds are being made in diagnosing and
treating sleep disorders, it remains that many of us are not having
a full experience of our awake life because of a condition we may
not be aware of. One in particular Obstructive Sleep Apnoea
Syndrome (OSAS) will be the primary focus of this book, which
aims to inform the individual who may be affected directly or
indirectly by OSAS, and to guide them towards attaining the qual-
ity of life that they deserve.

1.1 Why Is Sleep So Important?

Although the importance of sleep is preached all the time in the
modern day, it is still heavily neglected in the population. The
quantity and quality of our sleep affect our psychological and
physiological well-being, therefore directly affecting our quality
of life.

What occurs during a night of sleep seems simple but is actu-
ally quite complex. It is composed of multiple different stages that
come after each other in a cyclical fashion—hence why we use
the term “sleep cycle”. Multiple cycles occur throughout the
night, and even these have a detailed structure where different
stages are dominant at different times. See Fig. 1.1 for a visual
representation of the evolution of sleep during the night.

It is not only important, therefore, that we sleep for a certain
amount of time, but that we sleep continuously to preserve the
natural structure of sleep and reap all its benefits.

There are two main stages of sleep: NREM (non-rapid eye
movement) and REM (rapid eye movement) sleep. NREM sleep
is further split into three stages of increasing depth, where heart
rate, blood pressure, and brain activity are decreased. These stages
are involved in restoring the body—the last stage is also called
slow-wave or deep sleep and is the most restorative stage. After
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Fig. 1.1 Hypnogram demonstrating the sleep cycles

these comes REM sleep, which increases in time with each cycle,
as seen in the diagram.

Although it accounts for only a fifth of overall sleeping time, it
is essential for restoring the mind, especially the consolidation of
memories and learning. We cycle through these stages around 4-5
times a night, each lasting around 1.5-2 h, totalling 7-9 h' of
sleep per night for healthy adults [1].

A sufferer of OSAS may have been in bed the whole night but
gain very few benefits of the sleep they’ve had, and that is because,
as we mentioned before, a healthy sleep should be continuous and
uninterrupted. OSAS is a condition that destroys the sanctity of
sleep by waking the sufferer up repeatedly over the night. After
every “event” of sleep apnoea, the brain needs to wake the body
up to reengage the airway muscles and allow air in again, throw-
ing the sufferer out of whatever sleep stage they may have been
when it strikes. REM sleep is the stage that we are most likely to

"National Sleep Foundation’s recommendations. There is the following con-
sensus among experts: older adults should get 7-8 h of sleep per night; young
adults and adults, 7-9; teenagers, 8-10; and school-aged children 9-11.
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experience OSAS because the muscles in our body are relaxed,
including the airway—but it can strike in any stage [2].

OSAS has a profound personal and social effect because it
withholds the sufferer from regular, healthy, and restorative sleep,
which is an essential part of their health. For children and teenag-
ers, poor sleep can affect their health and development, so it is
imperative that it is diagnosed early.

1.2  The Prevalence of Disturbed Sleep

According to a recent epidemiological review, between 20 and
42% of people worldwide report a consistent lack of sleep [3].
This is a startling proportion. The reasons are not always lifestyle
related (e.g., caffeine intake, alcohol, sleep environment) but
often are because of sleep disorders—key culprits in getting to
and maintaining restorative sleep.

Sleep disordered breathing is characterised by abnormal
breathing patterns during sleep and/or an overall lack of ventila-
tion.? Snoring is the most prevalent sleep breathing disorder, more
common among men, those who are overweight, and those of an
older age. Although snoring, in general, is harmless, it could be a
symptom of sleep apnoea—which is much more serious.

Within sleep disorders, sleep apnoea itself has two types: cen-
tral and obstructive. Central sleep apnoea is characterised by the
intermittent failure of the brain to send breathing signals to the
body—a very rare condition that will not be the concern of this
book. Obstructive Sleep Apnoea Syndrome (OSAS), on the other
hand, is highly prevalent, taking place as the second most com-
mon sleep disorder.? It has been predicted that nearly a billion
adults from 30 to 69 years could suffer from the condition, almost
half of whom should seek treatment [4].

’Defined as the movement of air in and out of the lungs in order that the
exchange of gases (oxygen and carbon dioxide) can take place.

3The most common being insomnia.
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1.3  Whatls Sleep Apnoea, and Why Should
We Care About it?

Pnoea is a Greek term that means breathing, so hypo-pnoea and
a-pnoea signify the reduction and stoppage of breathing,
respectively. Sufferers of OSAS will completely cease breath-
ing for 10 or more seconds at a time, and in some, more than
30 s. In severe cases, sufferers will experience these events
more than 60 times an hour. During an apnoea event, the airway
will collapse, creating a partial to complete seal while the lungs
below are still attempting to breathe—a scary situation, no
doubt.

During an apnoea, fresh oxygen is not being exchanged into
the blood, so the brain, heart, and vital organs are being deprived.
To stop this, the brain must wake the body to reengage the airway
muscles and allow the passage of air, disturbing the sleep cycle in
the process. So, when one wakes up from a night full of events of
apnoea, they are not well rested and will feel sleepy throughout
the day—impacting their functioning significantly.

On the whole, a sleep-deprived society does not live life to the
fullest. They are not as productive and healthy as they can be and
have been shown to be more dangerous on the road [5]. Sleep
apnoea strikes invisibly and is tough to catch, but the good news
is that it can be treated, and the advances in the field are making
the diagnosis and treatment widely available.

First, we will trace the history of medicine as relevant to
OSAS, focussing on the enigmas of breathing, circulation, and
sleep. This is important because it highlights how central these
questions about our functioning have been to human scientific
thought over the millennia. Secondly, we will paint a detailed
picture of OSAS itself, and lastly, discuss treatment. By the end
of the book, the reader should have an informed perspective
about the condition, be better equipped to deal with their own
concerns, and efficiently work alongside a doctor to discuss
their treatment.
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A Brief History of Breathing
and Sleep Medicine

2.1 Where It All Began: The Ancient World
and the Middle Ages

As beautifully put by Dr. Alfred P. Fishman, Emeritus Professor
of Medicine at the University of Pennsylvania:

The history of the pulmonary circulation provides a measure of
Man’s thinking about himself and his place in the Universe.

For many thinkers throughout history, the specific roles of the
lungs and the heart were impossible to explain and so the exact
nature of how they worked together remained a mystery until
approximately the seventeenth century CE. Almost every ancient
society and religion has pondered on the phenomenon of breath-
ing and circulation so the history of this area of human explora-
tion is incredibly diverse. The book of Genesis in the Holy Bible,
for example, incorporates this same theme into the creation of
man:

Then the LORD God formed a man from the
dust of the ground and breathed into his nostrils
the breath of life, and the man became a living being."

'"From Genesis 2:7 NIV.

© The Author(s), under exclusive license to Springer Nature 7
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It was not only in the Bible that breathing was seen in a divine
light, as we will see shortly. It was the strange nature of the “beat-
ing” heart or the invisibility of the air that we breathed that might
have inspired such radical notions, or perhaps it was just the com-
plexity of a deceptively simple process that left these thinkers
utterly clueless.

We know now that the heart is a double pump: deoxygenated?
blood from the body comes into the right side of the heart, where
it is pumped into the lungs to be reoxygenated and for carbon
dioxide to be removed (see Fig. 2.1). This fresh blood leaves the
lungs and arrives at the left side of the heart, where it is pumped
into the body to deliver nutrients and oxygen to all our tissues.
When these have been used up and the oxygen is replaced by
carbon dioxide (a waste product), it returns into the right side of
the heart, and the cycle continues—clearly not the simplest con-
cept.

The earliest sign of understanding comes from the ancient
Egyptians, who evidently had a keen interest in the practice and
scholarship of medicine throughout their existence. We can gather
from scant evidence in the form of papyri from 3500 to 1500 BCE
that they made a connection between the heartbeat and the pulse
in the wrist, and notably believed that there was a system of ves-
sels throughout the body that distributed important elements and
nutrients, including air.* This is significant, as the connection
between the heart, circulation, and air is a difficult one, and a very
important step. They did not explore much further by means of
dissection of the human body, so their knowledge remained there
[1,2].

The Greeks, a couple centuries later, began to philosophise in
all fields of knowledge, including medicine and anatomy. The
Milesian philosopher Anaximenes* concluded that aer (air), or

*Depleted of oxygen, as the body used the oxygen from the blood to make
energy.

3The Edwin Smith (1750 BCE) and Ebers (1500 BCE) papyri are most sig-
nificant.

“Born in Miletus (present-day Turkey) in the sixth century BCE. One of the
first western philosophers.
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A rather interesting design. Regions in grey represent “deoxygenated” blood
returning to the heart from the body. Note how it enters the heart via the infe-
rior vena cava (blood from lower limbs and abdomen) and the superior vena
cava (blood from the head, neck, and upper limbs). This blood passes through
the right side of the heart and is pumped through the lungs where it becomes
“oxygenated” again. Now, it collects from the lungs in the left side of the
heart, and is pumped to the whole body via the aorta, which has many
branches heading in many directions. The blood then serves its purpose and
returns again to the right side of the heart

pneuma—a wide term encompassing breathed air, breath of life,
and divine spirit—was not only the raw ingredient of all things,
but also the stuff that circulated in our arteries and veins. It was
this substance, according to the Greeks, that was breathed in and
out of our bodies, and that distributed vital heat, an innate quan-
tity that gives rise to life.

Ancient theories on respiration strongly upheld the notion that
either the brain or the heart was the centre of the soul and was
where air went when we breathed. Another important Greek from
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the fourth century BCE known as Hippocrates,® considered the
father of medicine, even studied the periodicity of breathing but
made no connection with the lungs. Over the next few centuries,
cardiocentrist® thinking began to dominate, and various philoso-
phers uncovered some pieces of the puzzle that would aid later
thinkers,’ such as the discovery of cardiac valves, the two sides of
the heart, and the movement of substance between the heart and
lungs [3].

Half a millennium later, another legendary Greek physician,
Galen,® who wrote prolifically and served many early Roman
emperors, described in detail the anatomy and physiology of the
thorax but was still unable to explain the nature of pulmonary
circulation.

Unfortunately, Galen was the last great mind to concern them-
self with this topic for another millennium and a half. A lack of
further understanding of anatomy and physics hampered the
advancement of this field, and the adoption of the ancient findings
into Christian doctrine gave them a certain irrefutability that
remained unchallenged for a long time [4].

2.2 The Renaissance of Breathing Medicine:
Fifteenth to Eighteenth Centuries

The western world only revisited this problem during the
Renaissance. In his detailed depiction of the human heart,
Leonardo da Vinci (1452-1519) correctly noted all the structures
we see today, including valves and coronary arteries. Though
there was no physical evidence of blood passing between the

*Born on the island of Cos, Greece, in the fourth century BCE. Considered
the “father of modern medicine”, as his life’s work laid many pillars of the
field of medicine into the modern day, such as the importance of scientific
reasoning and ethics in the practice in medicine.

That is, believing that the heart was the seat of the soul, mind, and body.
7Such as Plato and his student Aristotle, in the late fourth century BCE, and
Herophilus and his student Erasistratus in the third century BCE.

$Born in Pergamon (present-day Turkey) in the second century BCE.
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chambers as per the Galenic theory, he was nevertheless con-
vinced of it and so attributed it to invisible pores [4].

It was only in the sixteenth century that the first accurate rep-
resentation of pulmonary circulation was found. It is debated as to
exactly who and when, but most attribute the discovery to the
renowned Spanish polymath Michael Serveto (c.1511-1553),
who reported it in his magnum opus, the Christianismi Restitutio.
The western world is specified, as the Arab world actually received
an accurate theory of pulmonary circulation and capillary anat-
omy almost three centuries earlier from the physician and prolific
scholar Ibn Al-Nafis, in his Commentary on Anatomy in Avicenna’s
Canon [5]. Though his legacy and work strongly influenced later
Islamic scholarship, it did not surface in the western world until
the early twentieth century. Michel Serveto’s independent discov-
ery that blood actually passes via the lungs rather than just
between the chambers of the heart and also that the blood in the
pulmonary vein is mixed with air were the fundamental notions
that motivated a renaissance in the science of breathing [5].

Later that century, physicians Andreas Vesalius (1514-1564)
and Realdo Colombo (1516-1559), prominent anatomists from
the Paduan School of Medicine (the centre of western medical
research at the time) confirmed Serveto’s findings as they were
unable to find the perforations between the chambers of the heart.
A century later, the work of William Harvey®’ and Marcello
Malpighi'® built on this, helping codify a near-modern description
of blood circulation [4].

It’s quite understandable why the complicated phenomenon of
respiration and circulation has confounded thinkers for genera-
tions. Though circulation was described quite well, the role of
breathing and oxygen took much longer. Understanding why we
breathe, however, was the next great challenge in this field.

°Born in Kent, England, 1579 d. London, England 1657. Prominent physician
and anatomist who very precisely described the route of blood around the
body.

"Born in Crevalcore, Papal States, 1628, died in Rome, Papal States, 1694.
Prominent physician and scientist. Considered the founder of histology, a
study of body tissues on a microscopic level.
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In the seventeenth century, four Oxford researchers, Robert
Boyle, Robert Hooke, John Locke, and John Mayow, showed that
air must be necessary for life, air is mixed with blood in the lungs,
and that there is a specific part of air that is vital. This specific part
was discovered in the eighteenth century by Carl Wilhelm
Scheele!! and Joseph Priestley'? independently, and later renamed
from vital air to oxygen by the Frenchman Antoine-Laurent
Lavoisier'® in 1777 [3].

23 Late Nineteenth to the Late Twentieth
Century

OSAS is the intersection between the physical mechanisms of
breathing and the mysterious subtleties of the state of sleep. As we
have discussed, the former was mainly studied by anatomical
exploration, but characterising sleep was much more subtle and
required new techniques. Prior to the twentieth century, dreams
were more of interest than sleep itself, but this is understandable
as the study of sleep was only accessible with the advent of tech-
nology such as electricity.

In 1875, Englishman Richard Caton' reported to the British
Medical Journal that there is indeed electrical activity in the

""Born in Stralsund, Swedish Pomerania, 1786, Scheele was a German-
Swedish chemist who, along with oxygen, identified many other elements
and compounds such as tungsten, chlorine, lactic acid, and glycerol.

2Born in Yorkshire, England, 1733, Priestley was an English polymath, with
achievements in the fields of political theory, grammar, theology, and, as is
relevant presently, chemistry. He is credited with the discovery of the carbon
cycle, as well as the discovery of multiple gases in addition to oxygen such as
ammonia and carbon monoxide.

3Born in Paris, 1743, Lavoisier was a prolific chemist, changing the direction
of the field. He is also credited with the naming of hydrogen and the predic-
tion of silicon.

“Born in Bradford, England, 1842, Caton was a physician whose work, along
with the later work of the German psychiatrist Hans Berger (born in the Ger-
man Empire, 1873), led to the description of brain waves (rhythmic electrical
oscillations in the brain), most prominently Alpha waves, which led to the
invention of the electroencephalogram.
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brains of animals during sleep, which he measured using a volt-
meter. Furthering his work, Hans Berger first explored the electri-
cal activity of a human brain in 1924 and produced the first EEG
(electroencephalogram'®) [6]. This would later be used in a poly-
somnography, the state-of-the-art diagnostic test for patients with
potential OSAS. Another critical part of this test is eye movement,
which is used to help determine which stage of sleep the patient is
in at any given time. We experience both REM (rapid eye move-
ment) and NREM (non-rapid eye movement) sleep during the
night. There is a remarkable difference in the activity of our body,
and consequence due to their loss when we are awake. This phe-
nomenon, along with many other groundbreaking observations
within the science of sleep, was presented by Nathaniel
Kleitmann'® and his team at Chicago University. Their contribu-
tions to the science of sleep have been vital to the state of modern
sleep science.

Simultaneously, understanding the relationship between
breathing and gas concentration in the blood started to develop
during the early twentieth century when Scottish physiologist
John Scott Haldane!” described the gas exchange process in red
blood cells as they passed through the lung. He also described the
need to breath when we detect that the concentration of carbon
dioxide gets too high in the blood [7].

1SA graphical representation of the brain’s electrical activity. It is generated
by attaching multiple electrodes along the scalp of the patient and monitoring
the electrical signals arising from them.

'*Born in Kishinev, Russian Empire, 1899, Nathaniel Kleitmann was an
American physiologist fascinated by the body and brain’s activity during
sleep. His work propelled sleep physiology into a major field of scientific
research.

7Born in Edinburgh, Scotland, 1860, Hadlane was a Scottish physician who,
along with describing the mentioned gas exchange process in red blood cells
(specifically the reduced affinity for carbon dioxide binding in haemoglobin
with the increase of oxygen concentration, known as the Hadlane effect), is
credited with the invention of the respirator, which was used by soldiers in
World War 1.
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As knowledge in these fields grew, a relationship between
sleep and breathing slowly became evident. In the mid-twentieth
century, an association between poor ventilation and obesity was
described [8], and it was especially noticed around the mid-1960s
that the recurrent collapse of the upper airway during sleep dis-
rupted its therapeutic function, leading to daytime sleepiness.
This was the first description of the topic of this book: Obstructive
Sleep Apnoea Syndrome [9]. The concurrent advances in the
understanding of sleep and its importance skyrocketed this area
into a global effort: William Dement, a student of Nathaniel
Kleitmann, established the first sleep clinic in Stanford University,
USA, and research into respiratory sleep disorders was soon com-
menced, with 381 papers being published between 1975 and 80
on this topic.

24 Late Twentieth Century
to the Modern Day

Until 1981, the primary treatments for OSAS were weight loss or
tracheostomy (a hole is made in the windpipe to breathe from,
bypassing the blockage higher up), which were both quite com-
plex solutions.'® In this year at Sydney University, Colin
E. Sullivan published a paper that introduced an effective treat-
ment for certain patients with a history of snoring and excessive
daytime sleepiness: Continuous Positive Airway Pressure (CPAP).
This will be elaborated on in a further section. Still, the invention
was very significant in the field, as the technology alleviates many
of the symptoms of the condition and is still in common use today
[10].

The introduction of the CPAP treatment strategy in sufferers of
OSAS was not without difficulty, however. Many did not tolerate

8Weight loss requires lifestyle changes that are often difficult to implement,
especially for those feel unenergetic and unmotivated during the day because
of their poor sleep. A tracheostomy affects the patient’s quality of life by
complicating daily activities such as speaking and eating. This procedure is
described in Chap. 5.
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the treatment, so various surgical procedures were developed to
treat the condition directly or make CPAP more tolerable.

During the mid-1980s, a procedure called
Uvulopalatopharyngoplasty became very popular in treating
OSAS. This surgery included the modification of the back of the
throat and the uvula to open it up (discussed in detail in Chap. 5).
Although this procedure stopped many patients from snoring, it
only improved the OSAS of a small group of patients'® and caused
some unwanted side effects in those who had it, such as unnatural
sensations and food entering the nose when swallowing.

Over the next decade, the Stanford group mentioned above
developed various maxillofacial procedures (surgically adjusting
the structure of the bones around the mouth) for those who did not
tolerate the popular surgical interventions. Still, these were gener-
ally restricted to patients that have deformities of the facial skel-
eton, issues with the alignment of their teeth, or nasal problems.

More conservative procedures began to be developed during
the mid-2000s to open up the airway without annoying post-
surgical side effects. For those whose tongues fell back into the
throat during sleep causing OSAS, the partial reduction of the size
of the tongue was an effective procedure and often accompanied
uvulopalatopharyngoplasty. In the modern day, a recenly devel-
oped procedure called Hypoglossal Nerve Stimulation bypasses
the need for reducing the tongue by stimulating the nerve that
controls the tongue whenever the sleeping patient breathes in,
causing it to move forward and out of the airway. This treatment
was FDA approved in 2014 and has had excellent results. It is
elaborated on in Chap. 5 of this book.

Recently, non-invasive treatments and devices are becoming
popular such as Mandibular Advancement Devices, which are put
in the mouth during sleep and hold the airway open physically.
They are only applicable (and to a varying degree of success) for
snorers and those with mild to medium OSAS. These recent
advancements will also be dealt with in detail in Chap. 4 of this
book.

“Those with large tonsils, a large mouth opening, and no tongue collapse.
Such features are very common among OSAS sufferers.
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2.5 To Conclude..

For the last two and a half millennia, humans have been intrigued
by the nature of breathing and circulation—its exploration has
progressed closely alongside the development of human thought
and intellectual learning. Sleep, equally, has been as much the
subject of scientific bafflement as it has a muse for poets. Sleep
breathing, being a union of these important parts of our history,
must therefore have our full appreciation, and any disorder that
may affect it, our full scrutiny.

As we arrive at the modern day, however, we find ourselves in
a most fortunate position. Not only do we have a trove of scien-
tific and clinical knowledge to base our treatments on, but we live
in an age where rapidly developing technology is making inter-
ventions safer, more accessible, more effective, and most impor-
tantly better tailored to our individual needs. Patients with OSAS
should not worry; instead, they should aim to educate themselves
about the condition and take the proper steps to treatment and a
better quality of life.
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Check for
updates

A Description of Obstructive
Sleep Apnoea Syndrome: Its
Nature and Diagnosis

The most famous literary case of sleep disordered breathing is the
fat boy Joe from Dickens’ first novel The Pickwick Papers,

‘Sleep!’ said the old gentleman, ‘he’s always asleep. Goes on errands
fast asleep, and snores as he waits at table.

‘How very odd!’ said Mr. Pickwick.

‘Ah! odd indeed,’ returned the old gentleman; ‘I’'m proud of that boy—
wouldn’t part with him on any account—he’s a natural curiosity!’

Dickens often based characters on real-life people he met, and
the condition this poor boy had was what we now know as Obesity
Hypoventilation Syndrome, or Pickwickian Syndrome, which is
closely related to sleep apnoea [1]. The boy, because of the struc-
ture of his neck, couldn’t breathe effectively enough during sleep,
and therefore was sleepy throughout the day. It was certainly easy
to pass off as a curiosity, and many sufferers who shared Joe’s trait
wouldn’t receive clinical help until more than a 100 years after
they might have sympathised with him in reading the book.

Thankfully, we have a much better way of describing and diag-
nosing this disorder, which will be explored in this chapter.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/978-3-031-38264-2_3. The vid-
eos can be accessed individually by clicking the DOI link in the accompany-
ing figure caption or by scanning this link with the SN More Media App.
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3.1 Types of Sleep Apnoea

Sleep apnoea can be obstructive, central, or mixed (both).
Intermittent periods of no breathing lasting 10 s or more are pres-
ent in both, but in obstructive apnoea the body tries to breathe but
fails, as the collapse of the tissues of the upper airway (the base of
the tongue, soft palate, and the walls of the throat) obstructs air-
flow into the lungs (see Figs. 3.1 and 3.2). In central apnoea, how-
ever, there is no respiratory effort because the brain fails to send a
message for the person to breathe. Sufferers can present with
either or both, which is called complex or mixed sleep apnoea.

An “event” is defined as either an apnoea' (caused by complete
obstruction of the airway for more than 10 s) or a hypopnoea?
(caused by partial obstruction of the airway for more than 10 s).
The severity of a person’s sleep apnoea can be roughly determined
by the number of apnoea or hypopnoea events that occur per hour
and is called the apnoea-hypopnoea index, or AHI.

The AHI system played an essential role during the develop-
ment of OSAS research, as it helped differentiate the disorder
from other similar disorders and compare treatments (an effective
treatment decreases a patient’s AHI). It should however be kept in
mind that the AHI system is rather arbitrary; patients with low
AHIs may have severe symptoms, while those with severe OSAS
may be asymptomatic. Though still widely used, its appropriate-
ness as a modern and rigorous clinical tool is declining [2].

An AHI of less than 5 is considered normal in adults, and 30
and above is severe. The necessity and type of treatment can be
decided according to the following table.

AHI Severity
Less than 5 Normal
5-14 Mild
15-29 Moderate
AHI Severity
30 or greater Severe

'Greek for: “no breathing”.
2Greek for: “reduced breathing”.
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«— epiglottis

Fig. 3.1 DISE 1 (p https://doi.org/10.1007/000-b7r)

This value, along with other information such as body posi-
tion, oxygen concentration in the blood, and eye movement, is
determined during a sleep test, or polysomnography.

It’s important to remember that the AHI does not necessarily
define how the patient is affected by the disease. In some cases, a
patient with a high AHI may have no important symptoms of
OSAS. On the other hand, a patient with a low AHI may exhibit
many symptoms.


https://doi.org/10.1007/000-b7r
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Fig.3.2 DISE 2 (p https://doi.org/10.1007/000-b7q)

Images of an apnoea event taken during a DISE (drug-induced sleep endos-
copy); a link to the full video is included in Chap. 6 (Video 6.1). The patient
is sedated in order to simulate sleep, and a scope is inserted through the nose
to visualise the upper airway. In Fig. 3.1, the airway is open and unobstructed,
so air can pass through freely. You can see the vocal cords at the bottom and
the epiglottis too. In Fig. 3.2, the airway has collapsed during an apnoea
event. This, as can be seen, completely obstructs the flow of air


https://doi.org/10.1007/000-b7q
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3.2 The Anatomy of Obstructive Sleep
Apnoea’®

An apnoea is caused by the collapse of the upper airway, which
restricts the passage of air into the lungs. Humans are the only
natural® species in the animal kingdom to experience sleep apnoea,
and understanding our anatomy helps determine why.

After passing through the nose and mouth, inhaled air enters
the throat—or pharynx—which is a complex structure due to its
many responsibilities. Air then gushes through the windpipe—or
trachea—to the lung via the bronchial tree, finally reaching the
alveoli, where gas exchange between air and the blood circulation
occurs (see Fig. 3.3).

Many of the issues with OSAS occur in the pharynx, so we will
discuss them to some detail.

The pharynx is a complex and multifunctional organ with
many moving parts. Firstly, it must reliably allow air to pass
through it—a requirement ever since vertebrates started to live out
of water. Secondly, it must conduct food and water and ensure that
they do not enter where the air is supposed to go (the trachea).
Lastly, it must house the complex and fascinating structures that
create sound.

During man’s anatomic evolution, after we started to stand
upright, our pharynx descended from a high position to work with
the jaw in creating the spaces required for the amplification and
modification of sound. The anatomical changes made to produce
sound also caused problems for us. Some of these are elaborated
below:

e A reduction of the jaw and increased freedom of movement
meant more complex sounds to be made. Still, it also can fall
backward and restrict breathing and swallowing during sleep.

3This section is largely for those who are particularly interested. It can
be skipped without majorly compromising one’s understanding of OSAS.
4Certain species of miniature pig [3] and bulldog [4] also experience the con-
dition.
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nose and mouth

trachea

bronchioles

right bronchus

alveolar sacs

alveolus
(where gas exchange occurs)

Fig. 3.3 Path of air through the body

Outside air enters the body through the nose and mouth. It then passes the
structures in the upper airway such as the base of the tongue, the tonsils, and
the larynx (or voice box). It then passes down a 10 cm tube called the trachea
which is kept sturdy by rings of cartilage. Once the trachea enters the chest,
it bifurcates into the “bronchi”, which then continue to fork and divide
through the lungs, eventually reaching microscopic sacs called alveoli, which
are richly surrounded by blood in small vessels called capillaries. This is
where oxygen is absorbed into the blood and carbon dioxide is expelled, to
then be breathed out
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e A right-angled connection of the mouth/nose and the throat
helps us stand upright but makes the oral cavity smaller and
causes our teeth to crowd (why we often don’t have space for
our wisdom teeth).

e A large tongue that occupies more than just the oral cavity (as
in other animals), but which can collapse backward and block
the airway.

e The elimination of overlap between the soft palate and epiglot-
tis.

¢ A floating hyoid bone that supports the structures in the lower
pharynx.

OSAS can almost be considered as the price we must pay for
the ability to speak—something that has no doubt been central in
our development as a species.

3.3  Risk Factors for Obstructive Sleep Apnoea

Though OSAS can present in anyone, there are certain predispos-
ing factors; for example: if you are male, have a high body-mass
index, and are of advanced age, you are at the highest risk.

Those also at heightened risk are those with a family history of
the condition [5], non-Caucasians, those with an abnormal
craniofacial anatomy,’ and those who smoke/drink alcohol [6].
Each of these risk factors will be elaborated upon.

3.3.1 Gender

Men are around 3 times more likely to have sleep disordered
breathing than women. Still, OSAS has a different prevalence
depending on the source of data: a ratio of 5-8:1 is observed in
clinics, whereas 2-3:1 is seen when surveying the population.

SThe shape of the face and jaw. Some people have a naturally more congested
airway and so are at a higher risk of OSAS. Facial shape is genetic, so these
characteristics can travel to the next generation.
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Understanding the reason for the disparity is essential, as it may
help reduce the underdiagnosis of females with OSAS. Females
are less likely to present with the loud and obvious symptoms of
sleep apnoea, usually reporting less dramatic symptoms such as
fatigue and tiredness. Furthermore, males are less likely to
report irregularities in their partner’s sleep activity, so OSAS in
women tends to remain undiagnosed for longer. Women reach-
ing menopause are also more prone to experience OSAS because
of the hormonal imbalance and weight gain typical during this
period [5].

3.3.2 Age

The prevalence of OSAS increases significantly with age until
around 65, where it plateaus. As aforementioned, some advanced
age groups have shown that up to 90% of men and 78% of women
have mild to severe sleep apnoea [6].

3.3.3 Excessive Weight

Excessive weight and obesity are strongly linked to the risk of
OSAS. The distribution of fat around the body causes a twofold
restriction on the airway. Firstly, fat takes up space, which can
impinge on the area that air needs to go. In the upper airway, fat
around the throat can directly crowd the airway, and lower abdom-
inal fat can compress the lungs and pressure the airway from
below. Secondly, excess fat cells in the neck are thought to affect
the neural signals that control respiration, further hindering sleep
breathing. Decreasing weight® has been strongly linked to a
decrease in the severity of OSAS [7].

°The prevalence of sleep apnoea for those with a BMI greater than 40 kg/m?
has been found to be almost 90%, and a 10% change in body weight has been
linked with nearly 30% change in AHI.
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3.3.4 Smoking and Alcohol

Both factors put the healthy person at greater risk of developing
sleep apnoea and worsen existing sleep apnoea. Those with a high
alcohol intake are 25% more likely to develop OSAS. The mecha-
nism is not clearly known but thought to be linked to its effect on
the tongue’s muscle tone (making it more prone to collapsing dur-
ing sleep) and to dietary factors. Similarly, smoking potentially
inflames the upper airway, alters muscular function, and interferes
with the structure of sleep [8, 9]. There is not yet enough evidence
to comment definitively on the effect of e-cigarettes and other
tobacco substitutes on sleep apnoea.

Though lifestyle and genetic factors can strongly predispose
certain people to the disease, it is reiterated that OSAS can present
in anyone, even those who don’t have the listed risk factors.

3.4 The Diagnosis of Obstructive Sleep
Apnoea

Snoring is the first symptom commonly noticed, usually by part-
ners, that may indicate sleep apnoea. Though all cases of snoring
do not present with obstructive sleep apnoea, almost all patients
that present with apnoea snore (~95%) [10]. Snoring is a nocturnal
symptom, and below is a list of more nocturnal and daytime
symptoms of the condition.

Nocturnal

symptoms Description

Audible sleep Usually noticed by partners, such as choking,
disturbances stoppage of breathing, heavy snoring, gasping, etc.

Frequent arousals | Often noticed in either the sufferers themselves or
their partners. Remember that the body needs to
wake up to stop the apnoea

Sexual dysfunction | Sleep apnoea has been linked with erectile

and impotence dysfunction in men [10]
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Daytime symptom

Description

Dry mouth and
morning headaches

Short duration morning headaches are reported in up
to 50% of OSAS sufferers [11]

Excessive daytime
fatigue and
sleepiness

Constant sleepiness during the day and
dissatisfaction with sleep. The feeling of fatigue is
characterised by the feeling of a lack of energy to
engage in activities

Decreased cognitive
ability

Poorer attention and long-term memory function
[12]

Weight gain,
personality

Long-term sleep deficit as a result of OSAS has had
these effects [13]

changes, depression

Suppose one notices these changes and comes into a clinic. In
that case, preliminary tests will be carried out to rule out other
possibilities. A verbal discussion of the symptoms will generally
be complemented with a subjective sleep analysis via a question-
naire such as the STOP-BANG, STOP, Berlin Questionnaire
(BQ), or the Epworth Sleepiness Scale (ESS). According to mul-
tiple systematic reviews, the STOP-BANG and STOP question-
naires are the most appropriate screening tools to determine
those likely to have OSAS. The Berlin Questionnaire was more
effective for those with a more severe condition and found to be
less consistent than other screening tools, and the ESS has been
shown to be unable to distinguish snorers from those with OSAS
[6, 14-17].

On the next page (Fig. 3.4) we have an example of the STOP-
BANG and an ESS questionnaire adapted from the original
authors Chung et al. (2008) and Johns (1991) [15, 18]. Note that
the STOP Questionnaire is essentially the same, but with open
fields for the following categories, which replace the BANG
section:

1. Height (cm).
2. Weight (kg).
3. Age.

4. Male/Female.
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5. BMI (kg).
6. Collar size of shirt (S, M, L, XL, or cm).
7. Neck circumference (cm).

These questionnaires, especially the STOP and STOP-BANG,
are excellent screening tools to stratify a patient’s needs with
potential OSAS.

Next, a physical examination will be done. Since OSAS is an
upper airway disease, a thorough examination by an otolaryngol-
ogist or sleep physician is preferred. A multidisciplinary team
should be employed for a diagnosis, however, as input from GPs
and specialists in the lungs, heart, internal medicine, etc. are valu-
able for an accurate diagnosis and a personalised treatment plan.

The physical examination can be split into five parts, as fol-
lows:

General Examination

A high body-mass index is common among those diagnosed.
Obese (BMI > 30) and overweight (BMI 25-30) patients are at
most significant risk, but OSAS can present in those of normal
weight as well [19].

Neck circumference correlates well to risk of OSAS: for males,
>44 cm and >41 cm for females are the risk thresholds [19].

Facial Skeleton

Abnormalities in the facial structure may signify a greater OSAS
risk. The face profile can be determined by examining the rela-
tive position of the upper and lower jaws. Since they move a
lot, this region’s healthy bone and soft tissue structure are vital
for unobstructed airflow.

Nose

The nose is a complicated structure that is responsible for up to
50% of the upper airway resistance. After observing the gen-
eral shape of the nose and the size of the nostrils, the clinician
will open the nostril and visually examine the front part of the
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Please answer the following with a yes/no to determine
whether you may be at risk of having Obstructive Sleep Apnoea
Syndrome.

S noring: Do you snore loudly (louder than talking or loud enough
to be beard through closed doors)?

Ered: Do you often feel tired, fatigued, or sleepy during the
daytime?

Observed: Has anyone observed you stop breathing during sleep?

P ressure: Do you have, or are you being treated for, high blood
pressure?

B ody-Mass index: Is your BMI greater than 35kg/m??

A ge: Are you above 50 years old?

N eck Circumference:
Gender:

High risk of OSAS: 3+ “yes” responses, otherwise low risk.

Fig. 3.4 An example of the STOP-BANG (a) and ESS (b) questionnaire
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b

How likely are you to doze off or fall asleep in the following
situations, in contrast to just feeling tired? This refers to your usual
way of life in recent times. Even z:f%/ou have not done some of these
things recently, try to consider how they would have affected you.

Use the following scale to select the most appropriate number
for each scenario:

o = would never doze off

1 = slight chance of dozing off

2 = moderate chance of dozing off
3 = high chance of dozing of;

Situation Chance

dozing
Sitting and reading

Watching TV

Sitting, inactive in a public place (e.g. a theatre or a
meeting)

As a passenger in a car for an hour without a break

Lying down to rest in the afternoon when
circumstances permit

Sitting and talking to someone
Sitting quietly after a lunch without alcobol

In a car, stopped for a few minutes in the traffic

A score of greater than 10 may indicate excessive daytime
sleepiness, and it is suggested to see a specialist.

Fig.3.4 (continued)
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nose. To examine further inside, the clinician will need the
help of an endoscope to examine the internal structure of the
naso and oropharynx (back of the nose and the throat).
Common issues are a deviated septum, enlarged turbinates, or
nasal polyps as pictured, which physically obstruct the passage
of air (see Fig. 3.5).

Tongue and Mouth
By looking in the mouth, the clinician can note the proximity of

the tongue to the soft palate and give it a scoring such as the
Mallampati score. This value is very relevant as each point
increase more than doubles the risk of OSAS and increases the
AHI by more than 5 [20]. A high-arched palate and the thick-
ness of the hard palate are also risk factors, as they contribute
to narrowness and congestion of the nose.

Throat (Oropharynx)
Next along the path of air flow is the throat, which can be exam-

ined by looking inside the mouth and with an endoscope
through the nose. The entrance of the mouth to the throat is
obstructed by the back of the tongue and the tonsils. Based on
the size of these structures and their relation to their surround-
ings, the contribution of this region to the overall obstruction
can be determined by a Friedman score (Fig. 3.6). By consider-
ing this, the clinician can better predict the effectiveness of
surgery or issues that may arise in using CPAP.

Enlarged tonsils can obstruct the airway but are not always obvi-

ous when looking in the throat of a sitting patient. In some
cases, the tonsils only block the airway when the patient is
lying down, which should be assessed.

It is also important to check the back of the throat as it extends

below the level of the tongue. The base of the tongue and epi-
glottis (a flap that blocks off the airway when we swallow)
should be checked for any abnormalities via endoscopy.
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septum

mucosa

turbinates

N

normal nose interior enlarged turbinates

deviated nasal septum deviated nasal septum
and nasal polyps

Fig.3.5 Nasal obstructions

This particular view is front-on, but if the skin were removed. You can still see
the tip of the nose and the nostrils. Note the different abnormalities that can
obstruct the passage of air. You can be born with a deviated septum, but the
enlarged turbinates and mucosa often are caused by allergies or infections
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class L @ class I1

class ITI /"&\\ A class IV
/A

Fig. 3.6 Friedman tongue score

The Friedman tongue score is conducted by asking the patient to relax their
tongue and keep it inside their mouth. It is a modified version of the Mallam-
pati score, which is done with the tongue extended outside the mouth. These
tests aim to quicky identify the distance between the palate and the tongue
and therefore how difficult it is for air to travel through the mouth into the
back of the throat. Notice that for a class I individual, there is a big, open
space, but for a class 1V, the tongue and palate are so close together than air
that very little air can get through. This type of patient likely has obstructive
sleep apnoea syndrome

p

3.5  Further Investigations: DISE

There are complementary exams that may be performed to better
understand anatomical factors that may obstruct the area and
compromise the airway. A DISE (Drug-Induced Sleep Endoscopy)
is a study that allows an examination while the patient is asleep
using a drug or combination of drugs.

The DISE was first performed in the UK in 1991 as a faster and
cheaper alternative to performing endoscopy during the night



3.6 Further Investigations: Sleep Study 35

under natural sleep. The patient is put to sleep for a short, con-
trolled period with a drug, or combination of drugs (such as propo-
fol, midazolam, or dexmedetomidine) and their airway is observed.
The method is somewhat controversial as the sleep is technically
not natural, but computers are used to administer a precisely con-
trolled dose of sedative as to mimic non-REM sleep as close as
possible. Close similarities in the respiratory activity of natural
sleep have been noted using this method, and therefore it is a pow-
erful informative tool in the process of OSAS diagnosis [21]. For a
video example of the DISE, please visit Chap. 6 (Video 6.1).

From the physical exam, the clinician obtains a general sense
of the airway collapse as well as the patient’s particular features
that occur during sleep.

3.6  Further Investigations: Sleep Study

To diagnose the disorder definitively, it is invaluable to observe
the disease in action—that is to say, over a period where the
patient is naturally sleeping. Most clinics will administer a sleep
study, of which there are multiple types.

The sleep studies are generally divided into four levels, increas-
ing in ease but decreasing in their comprehensiveness. Level 1,
the polysomnography is the gold standard, but quite resource
intensive and impractical as a screening tool. The higher levels are
easy to administer at home but require interpretation by a special-
ist.

Level 1: The polysomnography (PSG) is done overnight in a
sleep lab or hospital. It records your brain waves, heartbeats,
and breathing as you sleep, whilst also charting eye and limb
movements, and oxygen in your blood. This study is supervised
by a technician or physician during the night. It is very com-
prehensive and can diagnose a multitude of sleep disorders.

Level 2: The same type of study is performed without a techni-
cian in attendance; it still allows a high degree of information
but there no active observation.
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Level 3: This type of study is conducted at home, and the device
provided records oxygen levels, heart rate, airflow, snoring,
and other parameters while asleep.

Level 4 refers to a screening test for sleep apnoea but with moni-
toring the oxygen level of the blood during sleep. During
apnoea events, oxygen is not getting to the lungs and so isn’t
being exchanged into the blood. This would be reflected in the
oximeter (or oxygen meter) reading, so the results might be
useful for a physician in determining those who could have the
condition. This study is usually used in children.

Level 3 and 4 are considered Home Sleep Studies (HSS), alter-
natives to the expensive PSG that monitors natural sleep through-
out a night. A device is taken home and self-administered during
sleep. It mainly measures breathing effort, air flow, and vitals, but
is limited because it does not measure brain and heart activity like
the PSG, which is important in accurately describing the sleep
stage that the person is in. There are also subtle features of OSAS
which the HSS is simply not sensitive enough to pick up, such as
hypopnoeas [22]. Although it is cost effective and reliable for
typical cases, a failed HSS should still be followed up by a PSG,
according to the American Academy of Sleep Medicine [23].

Recently, several apps for the smartphone and devices have
been developed to monitor sleep. They can roughly monitor sleep
movement, snoring, and blood oxygen, which are useful parame-
ters like those involved in the HSS. Most of these unfortunately
lack scientific value, but they are developing rapidly, so this may
change in the near future.

3.7 More About the Polysomnography

The PSG is a comprehensive exploration of a patient’s sleep. You
would expect to stay overnight at the clinic for one of these tests.
It requires some preparation as the sleep needs to be as natural as
possible: no prior sleeping or consumption of substances such as
caffeine or alcohol. Every centre is slightly different but it is gen-
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erally required to have not eaten anything from the afternoon of
the night one takes the test. Devices such as electrodes, cameras,
and sensors will be placed in the room and on the body to monitor
sleep. The results will be interpreted in the morning.

See the appendix for a typical polysomnogram. Notice that
information such as the position of sleeping and body movement
is recorded—it is important to determine this seemingly superflu-
ous information, as it may be the case that apnoea only occurs in
a specific position or is complicated by other conditions such as
Periodic Limb Movement disorders (PLM).

3.8 Conclusion

Sleep apnoea is challenging to notice, and when it is, the disease
has likely already impacted the patient’s quality of life signifi-
cantly. If, however, we are aware of the risk factors and seek med-
ical help at the earliest suspicions, we can prevent this harm. The
ease and affordability of diagnosis is increasing rapidly with the
development of technology and increased research efforts: it is
not unreasonable to see the home diagnosis reaching the accuracy
of the laboratory PSG in the coming years.

So, we have discussed the pathophysiology of OSAS, what the
risk factors are, and how it is diagnosed. The following chapters
will discuss the non-surgical and surgical treatments of the
syndrome.
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Check for
updates

The Non-Surgical Treatment 4
of OSAS

Since the description of the disease in the 1960s, there have been
many approaches to treat it. Each method will be explored, but
they can generally be organised into non-surgical and surgical
methods:

Non-surgical Surgical
Behaviour modification Bone surgery
Positive airway pressure Soft tissue surgery
Oral appliances Neurostimulation
Positional therapy

These will be discussed in the current and the next chapter
respectively.

4.1 Behaviour Modification

Multiple lifestyle changes have been proven to drastically reduce
the severity of OSAS. The most significant of these is weight loss,
which is recommended to all patients with obesity/weight-related
OSAS. A reduction of weight by 10 kg has been found in some
trials to reduce AHI by almost half [1].
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Whether the loss of weight is achieved by a combination of
diet and exercise, medication, or bariatric surgery (a surgical
weight-loss operation), there will be a marked improvement in
OSAS severity. This approach, however, is generally not a cure,
and must be treated instead as a highly effective complement to a
more primary intervention such as CPAP or OSAS-specific sur-

gery.

4.2  Positive Airway Pressure

Positive airway pressure (PAP) is a technology that controls the
rate of entry and escape of air into the body to maintain a pressure
in the airway. As aforementioned, Colin Sullivan’s utilisation of
this technology in the treatment of OSAS in 1981 proved highly
effective and is still the gold-standard treatment to this date [2].
There are two types of PAP: CPAP (continuous PAP) and
BPAP (bilevel PAP, where a different pressure provided when
breathing in and breathing out). Some patients may find it difficult
to exhale against the CPAP or find it ineffective, in which case the
latter might be more suitable as it can be further personalised.
CPAP is effective in suppressing apnoea events, boasting a
near 90% decrease in AHI post-treatment [3], but it should be
noted that the device must be worn every night and does not
“cure” the disorder. Beyond an increased quality of sleep and a
marked decrease in daytime sleepiness, CPAP treatment can
improve cognitive function, decrease hypertension, and risk motor
vehicle accidents. CPAP was not found to significantly reduce the
cardiovascular event or stroke risk for sufferers of OSAS and only
improved all-cause mortality! in middle-aged and elderly males.

! All-cause mortality refers to death by any cause. It is interesting that there is
this disparity between the genders, and it is suggested to be due to the later
onset lesser severity of OSAS seen in women as compared to men in general.
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In general, the improvement of symptoms and quality of life is
proportional to the severity of the individual case [4-10].

4.3 Administering PAP

Since the device must be used every night on the face, it must be
comfortable. Although its correct use dramatically alleviates
OSAS, multiple studies show that 30-80% of patients do not
adhere to the treatment (<4 h use per night), because of the
uncomfortable side effects that may present [11].

Probably the most crucial aspect is the mask that will be in
contact with the face. Each face is different, and there is a need for
the mask to feel comfortable; there are three different face masks:
nasal masks, oro-nasal masks, and nasal olives (see Fig. 4.1).2

The nasal mask only covers the nose. The oronasal mask is
more extensive and covers the mouth and the nose.

The nasal olives are introduced and rest in the entrance of the
nostrils.

Acclimatisation to the device is gradual as the mask can feel
unnatural and different. The user’s initial experience with the
device is vital in promoting long-term continued use, and newer
technologies and calibration methods have allowed clinicians to
provide a more personalised and successful treatment strategy.

2You may see “full-face mask” used interchangeably with oro-nasal mask,
and “nasal pillows” with nasal olives.
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Fig. 4.1 Types of CPAP mask

Multiple factors will guide the choice of mask for patients, such as how they
sleep (whether they move around a lot, sleep mainly on their back or side,
etc.), how much pressure they require (the nasal mask is best for higher pres-
sure settings and the oro-nasal mask leaks air the most), and whether other
aspects hinder mask fitting such as facial hair, obstructions in the nose or
mouth, or claustrophobia
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4.4 Side Effects and Management
The side effects of CPAP may include:

— dryness of the nose and mouth,
— a “stuffy nose” and nosebleeds,
— irritation of the skin of the face,
— stuffy nose,

— aclaustrophobic sensation,

— pressure sores,

— difficulty falling asleep.

However, the following practices are effective in combatting
some of these issues [12, 13]:

— humidification of the air,

— careful selection and individual modelling of the mask,
— maintenance of the hygiene of the device,

— regular review with the patient’s physician.

The final point is the most important—a close relationship
between the patient and physician allows issues to be corrected
early, improving long-term success.

Recently, the development of apps alongside the CPAP
machines has supported the initiation of use and allows better
access to information for the user and the healthcare provider
regarding nightly use, tolerability, and management [14].
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4.5 Oral Appliances

Oral appliances are growing in popularity as an alternative to PAP
for those who find it ineffective or adhere poorly. These devices
work by physically holding the airway open to suppress OSAS
events during the night, by action either on the jaw or the tongue.
These devices are slightly less effective than PAP and may cause
permanent effects upon the anatomy of the upper airway. They
also are only effective for two-thirds of patients due to the locality
of their influence. However, the ease and comfort of the devices
may provide a better overall treatment as they are better adhered
to on average.

4.6 Mandibular Advancement Devices (MIAD)

The mandible, or lower jaw, collapses back in most cases of
OSAS. These devices help prevent this by holding the jaw in a
forward position, thereby keeping the throat open for the passage
of air (see Fig. 4.2). They usually attach to both sets of teeth and
are adjustable to cater to different jaw types and sizes.
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restricted airway due
to tissue collapse

Fig. 4.2 Mandibular advancement devices

A mandibular advancement device is an effective solution for those with mild
to moderate OSAS. These devices can be purchased over the counter or
custom-made, but the concept is generally the same: using the upper jaw as
an anchor, the lower jaw is held forward to prevent structures such as the
base of the tongue collapsing into the throat. This encourages airflow
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4,7 Tongue Retaining Devices

These work exactly as the name suggests, by slightly pulling the
tongue forward so it does not collapse back into the throat. Though
not as common as the MADs discussed above, they are still proven
to be effective in the reduction of snoring and have a considerable
effect on AHI as well [15].

Oral appliances are a good treatment for OSAS in certain
patients, however CPAP is usually more effective. There are short-
and long-term side effects with its use, which should be kept in
mind. In the short term, the device will likely cause irritation,
muscular pain, and problems with salivation; however, these are
seen to disappear within the first few months. The long-term issue
with a device holding the jaw in a certain position for an extended
period is that the patient’s jaw will adapt and change shape accord-
ingly, so the device will need to be continually adjusted to be
effective.

Studies show that the efficacy of such appliances decreases
after 2—10 years, so it is not a permanent solution. The anatomy of
the patient will also be changed after long-term use, such as the
position of your teeth when biting [16].

4.8 Positional Therapy

OSAS events often occur when the patient is laying on their back
as gravity aids in collapsing the throat. This can sometimes be
fixed by lying on one’s side. If the severity of the patient’s OSAS
depends on their position, they are said to have Positional Sleep
Apnoea. Appropriate positioning can improve this condition by
up to 60% [17].

An effective solution to Positional Sleep Apnoea is a small
device that monitors position and uses minor stimuli to discour-
age the patient from sleeping on their back, reducing the number
of events experienced during the night. They are easy to use, cost-
effective, and do not present with significant side effects.
Examples of these devices are included in Chap. 6.
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Some smartphone apps have recently been created for this rea-
son but require that the phone is worn on the body during sleep—
in a pyjama pocket, for example. If you are facing upward and
snoring, it will vibrate until you roll over to the side.

49 Conclusion

Though CPAP is the gold standard in OSAS treatment and is
superior in the general case, certain patients such as those with
mild to medium sleep apnoea, those who adhere poorly to CPAP,
or those whose problem is specific and targetable, may find these
alternative solutions convenient and cost-effective. Each OSAS
patient nevertheless requires a thorough examination by a physi-
cian to decide on the treatment route, as it depends on many fac-
tors unique to each individual.
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The Surgical Treatment
of OSAS

On average, CPAP usage falls approximately 1 year after begin-
ning, and some of the common reasons for this are: irritation from
excessive pressure; the leakage of air; nasal obstruction or watery
nose in the morning (rhinitis); or general discomfort and inconve-
nience in using the mask.

Surgical intervention can improve adherence to CPAP or treat
the condition directly. It is considered an alternative treatment,
however, as most improve without it. There are a variety of proce-
dures, and the best course depends on the anatomy of the patient
and the specifics of their condition.

As mentioned in the previous chapter, a visualisation of the
upper airway is needed. A DISE (drug-induced sleep endoscopy),
for example, allows the sleep physician to determine the specific
areas of obstruction and thus the best course of surgery.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/978-3-031-38264-2_5. The vid-
eos can be accessed individually by clicking the DOI link in the accompany-
ing figure caption or by scanning this link with the SN More Media App.
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5.1 Nasal Surgery

Nasal problems are often related to abnormalities in the shape or
anatomy of the nose, such as a deviated septum, large turbinates,
nasal polyps, or chronic rhinosinusitis. See Fig. 3.5 to appreciate
the potential problems in the nose again.

Addressing the nose with a surgical procedure can dramati-
cally improve CPAP tolerance and, more importantly, its effec-
tiveness. A recent study found that 90% of those who were not
using CPAP before surgery subsequently adhered to or tolerated it
after an isolated nasal surgical operation. They demonstrated a
significant reduction in pressure from the machine and therefore
greater comfort in its use. Furthermore, they found a 40% increase
in the number of hours that the CPAP machine was used [1].

Nasal surgery alone does not cure OSAS but results in a reduc-
tion of the AHI in many cases, leading to an improvement in the
quality of life reported by sleepiness questionnaires [2—6].

5.2  Tonsil and Adenoid Surgery

The enlargement of the tonsils and adenoids (Fig. 5.1) creates sig-
nificant obstruction in the airway. These tissues are particularly
prominent in children, so tonsillectomy and adenoidectomy (the
surgical reduction or removal of the tonsils and adenoids) are usu-
ally the first choices in the treatment of children with OSAS.

Although these tissues reduce in size with age, such proce-
dures may still be required for adults with persisting tonsil and
adenoid enlargement, but usually in combination with other pro-
cedures in the upper airway [7].
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Fig. 5.1 Various tonsils and sizes

Notice the three tonsils in the throat. When entering from the nose, you
encounter the pharyngeal tonsils also known as the adenoids. Further down,
at the back of the mouth, there are the palatine tonsils which are the ones we
commonly just call “tonsils”. Under these is the lingual tonsil, which really
is just the back part of the tongue. Any of these can become enlarged and
block the airway causing OSAS. Notice the different grades of palatine tonsil
size and the subsequent constriction of the back of the throat. As these enlarge,
it becomes significantly more difficult to breathe from the mouth
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5.3  Palate Surgery

As mentioned in the history, prior to the invention of CPAP, the
only effective treatment for OSAS was the tracheostomy—a sur-
gical procedure that involved creating a hole in the windpipe
from the front of the neck. It is now considered a last resort treat-
ment at this moment, as it significantly affects the patient’s qual-

ity of life.
It was around the time of the invention of CPAP that a new
surgical intervention was developed: the

Uvulopalatopharyngoplasty (UPPP or UP3 for short), which con-
sists of modifying the palate and the uvula to open up the airway
(Fig. 5.3). It can be performed with or without tonsillectomy/
adenoidectomy, depending on the patient.

The aim was to prevent the uvula from falling back into the
airway and obstructing airflow by altering the soft tissue in that
region. The results were not initially successful, helping only a
few patients with snoring for a short period. The only permanent
effect of initial attempts was a slight improvement in AHI in
some cases. Other cases were actually worsened due to tissue
scarring.

The procedure underwent multiple modifications over the next
decades but was still amply criticized by many non-surgical phy-
sicians. This changed, however, in the early 2000s when the pro-
cedure was extended to modify the lateral walls avoiding cutting
off the uvula, which improved the results, lessened the damage to
the soft palate, and avoided complications. See Fig. 5.2 for the
evolution of this procedure.

Although the modern UPPP is not a definite cure for OSAS, it
does lower the AHI, significantly improving the patient’s quality
of life. Nowadays, the procedure and its modifications are often
incorporated in one surgical treatment consisting of multi-level
procedures (i.e., combined with a procedure on the nose, tongue
base, tonsils, etc.) [8—-18].
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Fig. 5.2 Uvulopalatopharyngoplasty (UPPP)

The top-left diagram shows the normal airway with uvula and palate intact.
The traditional operation removed the uvula completely and modified the soft
palate, shown as the top-right diagram. More modern developments are
shown subsequently: at bottom-left, the modified UPPP aims to tighten the
tissues in the region without cutting much out. At bottom left, an approach
conserving the uvula with minimal modification is pictured
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5.4 Tongue Surgery

The tongue is quite a unique structure in the body in that it is
formed by diverse muscles and has an extensive range of move-
ment. To support this, it is suspended in the mouth and is not
entirely fixed to any bony structure (partially to the mandible and
hyoid bone—which itself is also “floating”—see Fig. 5.3).

As a result, a tongue that is enlarged or with lack of muscle
tone tend to fall back into the throat during sleep, obstructing the
airway. The enlargement of the base of the tongue can also cause
this, as pictured opposite.

Several procedures have been developed to try and avoid the
collapsing of the tongue, such as mandibular advancement sur-
gery. This can be done in two ways, the first is a process called
traction which includes using special screws and threads to pull
forward the lower jaw and suspend the tongue. The second proce-
dure is called genioglossus advancement (see Fig. 5.3), performed
by making a small cut in the lower jaw and inserting a piece of
bone that helps pull the tongue forward.

Another way to alleviate this condition is to reduce the volume
of the tongue itself, which can be done in two ways: resection and
coblation. Resection involves cutting away a part of the tongue
and is usually performed on the base of the tongue and is a highly
specialised surgery, often requiring robots such as the Da Vinci
surgical robot, and specialised training. It can also be performed
down the midline of the tongue, where tissue is directly removed.
The other way to reduce volume is called coblation, which is less
invasive as it does not involve incisions. It is a radiofrequency
device that heats and disintegrates parts of the tongue tissue, thus
reducing its volume—see Fig. 5.4.

Recently, a very successful multilevel strategy has been devel-
oped involving radiofrequency with coblation or Robotic surgery
on the tongue combined with palate reconstruction (from the pre-
vious part) has proven to be highly effective [19].
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Fig. 5.3 Genioglossus advancement

The genioglossus muscle partially anchors the tongue to the front of the lower
jaw. If the tongue regularly collapses into the back of the throat as is pictured
in the top diagram, a modification of the jawbone can be made to thread the
muscle through slightly, pulling the entire tongue forward with it and out of
the throat
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base of
tongue

‘\

Fig. 5.4 Coblation of the base of the tongue

A specialised instrument uses radiofrequency plasma and a saline wash to dis-
solve tissue at the molecular level. It also produces fewer complications, heals
quicker, and is less painful than traditional techniques. The soft palate can also
be reduced with coblation if required, and this technique is often combined
with multiple other procedures to provide a highly effective surgical solution to
OSAS
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5.5 Bony Frame Surgery

In more extreme cases or in patients where smaller procedures
have failed to alleviate their condition, diverse procedures involv-
ing multiple regions of the facial skeleton may need to be per-
formed to open up the airway.

What must be kept in mind is that their recovery time is often
longer for such extensive procedures as the bones in the face are
physically being reshaped. As well as this, the appearance of the
patient may be altered.

An example of a combined procedure is the maxillomandibu-
lar advancement, or MMA, involving the movement of the upper
and lower jaw (the maxilla and mandible respectively) forward,
creating space behind the nose and tongue (Fig. 5.5). It can also
be combined with genioglossus advancement, which has been
mentioned previously.

MMA has been demonstrated to be one of the most effective
surgical treatments for OSAS but is often only considered if other
treatments have been ineffective (such as nasal surgeries, uvulo-
palatopharyngoplasty, tonsillectomy/adenoidectomy, tongue
reduction, etc.), or in cases where deformities of the facial bones
cause obstruction. Usually, an orthodontist is closely involved in
repositioning the teeth and ensuring a comfortable bite after the
surgery.
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Fig.5.5 Maxillomandibular advancement

In this operation, the bony jaw, consisting of the mandible and maxilla as
pictured, is fully separated and reshaped. Titanium screws and plates are
used to fix the components into their new positions to heal. As can be seen,
this operation significantly increases the space in the mouth, which reduces
airway constriction
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5.6 Hypoglossal Nerve Stimulation

For some patients, CPAP is not effective, or they do not adhere to
it. They may also not be fit for or desire anatomically modifying
surgery. If, in addition, the cause of their OSAS is their tongue
collapsing, with a loss of muscular tone, they may prefer
Hypoglossal Nerve Stimulation (HNS). This is a recently devel-
oped treatment that has shown significant long-term improve-
ments in patient’s condition and quality of life with OSAS - all
while leaving the facial tissue untouched.

The treatment works by implanting a device in the chest and/or
in the chin that monitors breathing and electrically stimulates the
nerve that controls the tongue (the hypoglossal nerve), encourag-
ing it to move forward upon inhalation or in a cyclic way (Figs. 5.6,
5.7,5.8,5.9, and 5.10).

The device works while the patient is sleeping, and depending
on the device the movement of the tongue is timed with the breath-
ing of the patient. One can imagine how it can help unblock the
airway when the patient breathes in, allowing the passage of air.

— There are specifications, however, for the type of patient for
whom HNS is a valid treatment path. The patient should:

— Be older than 18 years.

— Have OSAS caused primarily by a collapsing tongue and pal-
ate (confirmed by a DISE, for example).

— Present with moderate to severe OSAS (an AHI range of 15-65
events per hour).

— Have shown intolerance or inadequate adherence to CPAP.

— Have a body mass index of less than 35.

These inclusion criteria are very simplified, and a complete
evaluation of the patient including history, other medical condi-
tions, specific anatomy, and other confounding factors must be
carefully considered before this trajectory can be considered.

HNS has the advantage of being adjustable, which is essential
for a chronic (long-term) condition like OSAS. Parameters such
as the strength of the signal can be set exactly in a clinic or sleep
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Fig. 5.6 Hypoglossal nerve stimulation

The sensor implanted in the chest detects breathing effort, and relays it to the
computer pictured as the grey square on the patient’s shoulder. This, in turn,
stimulates the hypoglossal nerve implanted internally in order to stimulate
the genioglossus muscle. When this muscle contracts, it pulls the tongue for-
ward and therefore reopens the airway
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Fig.5.7 HNS 1 (p https://doi.org/10.1007/000-b7v)

laboratory to optimize efficacy and comfort for the duration of
treatment.

There are three different commercial implants available in the
market at this moment: Inspire Medical Systems® (Inc., Maple
Grove, MN), Imthera (LivaNova United Kingdom), and the
(Nyxoah SA, Mont-Saint-Guibert, Belgium). All implants have
shown outstanding results but act slightly differently, so each may
prove to be more beneficial to different patients. Further informa-
tion about the specific devices can be found in Chap. 6.

All patients being considered for HNS therapy must undergo a
standard comprehensive sleep evaluation and an upper airway
surgical consultation, which includes a normal endoscopy and a
drug-induced sleep endoscopy (DISE).

There is an immense amount of information about HNS, and
those further interested should seek advice from an ENT/sleep
specialist [20-23].


https://doi.org/10.1007/000-b7v
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Fig.5.8 HNS 2 (p https://doi.org/10.1007/000-b7t)

open airway

Fig.5.9 HNS 3 (p https://doi.org/10.1007/000-b7s)
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Fig. 5.10 HNS 4 (p https://doi.org/10.1007/000-b7w)

These are images from a video explanation of the Hypoglossal Nerve
Stimulator implantation found in Chap. 6 (Video 6.2). Figure 5.7 shows the
path of the device in the body, from the chest wall to the hypoglossal nerve
near the tongue. Figure 5.8 shows the airway of a patient with an obstructed
airway due to their tongue falling back into their throat. In Fig. 5.9, they are
taking a breath, which is detected, and the tongue is stimulated. In Fig. 5.10,
the stimulated tongue has moved forward and out of the way, allowing air to
pass behind it

5.7  Tracheostomy

This procedure involves creating a hole in the windpipe (Fig. 5.11)
that allows air to completely bypass the upper airway structures
that block airflow. As aforementioned, the tracheostomy is the
final alternative intervention to OSAS, reserved for those who do
not tolerate any treatment.

Different studies have shown that a tracheostomy significantly
improves AHI and daytime sleepiness in patients with OSAS, and
other parameters such as blood pressure, arterial gases, the
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Fig.5.11 Tracheostomy

A cut is made into the patient’s windpipe and a tube is inserted as can be
seen. The top diagram shows a securing device that can be worn around the
neck to keep the tube in place. A balloon ensures that airflow is direct between
the lungs and the outside without backflow, and therefore the air fully
bypasses the mouth, nose, and throat
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requirement for insulin, and mortality. Although the use of trache-
ostomy is less common in children, it has been found to be effec-
tive for those with severe OSAS stemming from complex
conditions such as congenital disabilities or rare syndromes [24—
29].

5.8 Conclusion

Although CPAP is considered the gold standard treatment, its effi-
cacy and adherence in individual patients can be unpredictable.
Surgical interventions can be considered in cases where it has
failed, or the patient is unfit for it. However, it should be stressed
again that since the condition presents very differently in every
patient, finding the right treatment requires the consultation of
experts and a process of trial and error.

The procedures that have been elaborated on in this chapter are
OSAS are diverse and extensive. Since the field is relatively new,
they are constantly enriched by innovation. We can expect to see
further improvements in efficacy and patient outcomes in the near
future.
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Appendix: Links to Further
Information

For examples of devices that aid with the alleviation of Positional
Sleep Apnoea, see the following:

— Night balance (Philips, Netherlands).

— Night Shift (Advanced Brain Monitoring Inc. Carlsbad,
California, USA).

— Somnibel (Sibelmed, Barcelona, Spain).

— iRollover (Snoremart, Belleview, Washington, USA).

The first three use vibration to elicit movement, and the last
one is an acoustic signal.

Included is a video of the Drug-Induced Sleep Endoscopy
demonstrating the collapse of the airway (Video 6.1).

Included is also a video of the Hypoglossal Nerve Stimulation
device working in a patient with OSAS. Notice that when acti-
vated, the tongue is pushed forward, opening the airway. The
video also shows the action of CPAP in opening the airway (Video
6.2).

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/978-3-031-38264-2_6. The vid-
eos can be accessed individually by clicking the DOI link in the accompany-
ing figure caption or by scanning this link with the SN More Media App.
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72 6 Appendix: Links to Further Information

For further information regarding Hypoglossal Nerve
Stimulation products:

Imthera (https://www.livanova.com/).
Inspire (https://www.inspiresleep.com/).
Nyxoah (https://www.nyxoah.com/).

6.1 Polysomnogram (Fig. 6.1)

There are many channels of information:

CHIN, CHEST, ABD, LAT, and RAT are all measures of
movement of the body. The chin, chest, abdomen, and left and
right limbs, respectively. This helps interpret breathing effort, and
restlessness. POS then furthermore lets us know if the patient is
on their side, back, or face-down.

X—A1/2 (the first 8 leads except for CHIN) represent brain
electrical activity.

FLOW represents the nasal air flow, and you can see that when
it stops (an apnoea event) the chest, abdomen, and limb activity
increase rapidly as the patient is trying desperately to breathe.
Brain activity is also seen to increase as the body must wake up to
reengage the airway muscles in order to breathe again.
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Fig.6.1 PSG
Polysomnogram, or complete night study type 1
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