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Foreword 1

At the dawn of sleep medicine, the practitioners were most often psychiatrists. As
more and more research explored the many facets of sleep and the impact of sleep
disorders on disease and the impact of disease on sleep, more and more specialties
entered the field. The goal was always to improve patient’s lives.

Today practitioners of sleep medicine include specialists in psychiatry, neurol-
ogy, respirology, cardiology, geriatrics, and pediatrics. With this beautifully illus-
trated book, Clinical Cases in Sleep Physical Therapy, Cristina Frange ushers an
entire new profession into sleep medicine—Physiotherapy. She does this by show-
ing that physiotherapists, all along, have been treating many disorders, which
improved patients’ sleep and overall health.

The clinical cases presented are a stunning array and can be used by physiothera-
pists and others to learn how physiotherapy can work in treating sleep disorders.
The authors are not just from America and Europe, but span the entire globe, and
highlight that some countries (e.g., Brazil) have become sleep powerhouses. The
first two chapters are a broad overview of what modern physiotherapy is and what
it has to offer to the sleep field. This is followed by a series of sections describing
clinical cases that cover such important topics including insomnia, restless legs syn-
drome, circadian rhythm disorders, sleep bruxism, obstructive sleep apnea, central
sleep apnea, and other sleep-breathing disorders including content on noninvasive
ventilation. The book clearly shows and gives examples of how physiotherapists can
help treating patients with these conditions.

Bravo to Cristina Frange, for ushering in physiotherapists into the sleep field!

Professor Emeritus Yale University Meir Kryger, MD, FRCPC
New Haven, CT, USA



Foreword 2

It is with great pleasure that I write this foreword. Sleep is a universal reality in all
alive creatures, and human sleep has been studied for hundreds of years. Since 1950,
after a better understanding of neurophysiology, Sleep Medicine has been flourishing
as a science. As better as we understand the clinical approach to sleep disturbances,
better we realize that patients with sleep complaints must have multidisciplinary care.
The involvement of physicians, physiotherapists, dentists, speech therapists, nutri-
tionists, and psychologists is crucial for optimizing the well-being of these patients.

The role of physiotherapists has been concentrated for many years on respiratory
approach in patients with obstructive sleep apnea with a focus on ventilation. The
expertise in CPAP/Bilevel devices, complications, adherence, and follow-up was fun-
damental to building the actual knowledge and knowhow. However, many other con-
tributions to the patients with sleep disturbances must be done by physiotherapists.

This book demonstrates how physiotherapists can contribute to the treatment,
rehabilitation, and follow-up of patients suffering from sleep disturbances. The inte-
gration among physiotherapists, physicians, and other health professionals is high-
lighted with interesting case reports. These cases move the readers through good
pieces of reality and the experiences of numerous authors.

As a professor of Neurology and Sleep Medicine, I have been defending the
integration among all members of the team during the patient care process. Dr.
Frange, who was my postdoctoral research fellow, is an over-standard researcher
and practical physiotherapist. Her efforts to improve the scenario of care with a
interdisciplinary approach have been seen in many papers and books, as well as in
her clinical practice. I am proud of this book and endorse that all readers will learn
as much as I have from these clinical histories.

Neurology and Neurosurgery Fernando Morgadinho Santos Coelho, MD, PhD
Department, and Department

of Psychobiology, Federal University

of Sdo Paulo (UNIFESP)

Sao Paulo, SP, Brazil

Harvard Medical School
Boston, MA, USA
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Preface

As physical therapy continues to evolve and advance as a health profession, new
areas emerge. Sleep physiotherapy (PT) is one of these new areas that is in its
embryonic stage. This book demonstrates the practice of sleep PT in several parts of
the world, some that do not yet have the official recognition from their PT govern-
ing bodies.

Clinical Cases in Sleep Physical Therapy follows its companion book, Sleep
Medicine and Physical Therapy: a comprehensive guide for practitioners, which
was published in 2022. The first publication was an introduction to this new field,
describing the most prevalent sleep disorders and the benefits of using an interdisci-
plinary approach that include PT. This second book is focused on the clinical prac-
tice of this new profession. Written by physiotherapists from several countries
(Argentina, Australia, Brazil, Canada, Chile, India, Japan, Jordan, New Zealand,
Switzerland, Turkey, and United States), this book explores in detail the clinical,
evidence-based practice of sleep PT.

This book is divided into two main sections. The first section comprises two
introductory chapters written by leading PT researchers and clinicians, promoting
the role of PT in sleep health, and its use as a primary or adjunctive treatment for
sleep disorders. The second section contains 28 case reports written by PTs, describ-
ing and illustrating different approaches of PT regarding sleep treatments. The case
reports are divided into eight main clinical areas, some of them with less content
than others, due to the short history of sleep PT, with more cases from areas that
were first developed, such as sleep-breathing disorders. The history of sleep PT
started back in the 1980s, with the development of positive airway pressure devices.
Therefore, more than 40 years later, scientific evidence has been developed in this
area, allowing more extensive chapters on sleep-breathing disorders (i.e., obstruc-
tive and central sleep apnea, other sleep-breathing disorders related to hypercapnic
chronic obstructive pulmonary disease, as well as overlap syndrome and the con-
genital central alveolar hypoventilation syndrome), while there are only shorter and
single chapters on circadian sleep-wake cycle disorder, restless legs syndrome,
insomnia, and sleep bruxism. The chapters on insufficient sleep draw attention to

ix



X Preface

the importance of healthy sleep for rehabilitation processes to occur. Taken together,
these case studies clearly show the potential of the sleep PT along a biopsychosocial
approach to deliver improved outcomes and more effective treatment to the patients.

Sao Paulo, Brazil Cristina Frange
May 2023
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Chapter 1

A Twenty-First Century Physical Therapy
Health and Lifestyle Framework

to Maximize Sleep and Function

Check for
updates

Elizabeth Dean @ and Margot Skinner @

This book comprises a collection of case studies of patients with sleep complaints
resulting from various pathologies and causes. It describes the physical therapy
management to remediate disordered sleep in each case, with the ultimate goal of
maximizing the patient’s functional capacity and overall health and well-being.

Sleep is recognized as a complex process impacted not only by a primary disor-
der or pathology but also by confounding lifestyle practices and attributes [1]. The
extent to which lifestyle practices and attributes contribute either primarily or sec-
ondarily to a patient’s sleep disturbance is established through detailed assessment
by the physical therapist. Findings are used to identify behavior change goals and
strategies, which are discussed and agreed with the patient. Such an evidence-
informed health and lifestyle framework [2, 3] is consistent with physical therapy
practice in the twenty-first century [4-7], and the International Classification of
Functioning, Disability and Health (ICF) (Fig. 1.1) [8], that has been long endorsed
by World Physiotherapy [9].

Contemporary physical therapy is committed to the overall health of the patient
[10]. Lifestyle-related non-communicable diseases (NCDs) are the leading causes
of disability and premature death in high-income countries and increasingly in mid-
dle- and low-income countries [11]. Several NCDs, for example, cardiovascular
disease, respiratory disease, stroke, obesity, and cancer, can disrupt sleep [12].
Thus, irrespective of a patient’s presenting complaints, contemporary physical ther-
apy practice includes assessment of smoking, alcohol use, nutritional status, body

E. Dean ()
Department of Physical Therapy, Faculty of Medicine, University of British Columbia,
Vancouver, BC, Canada
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Centre for Health and Rehabilitation Research, School of Physiotherapy, University of Otago,
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Fig. 1.1 International classification of functioning, disability, and health from the World Health
Organization. ([8]; This figure has been modified and reprinted with permission of the World
Health Organization (WHO), and all rights are reserved by the Organization)

mass, stress, and sleep, as well as sedentary behavior, inactivity, and structured
exercise [4]. Healthy nutrition and exercise, in particular, go hand-in-hand [13].

Given that the relationship between sleep disorders and lifestyle practices and
attributes is bidirectional, this chapter focuses on the literature related to the impact
on sleep of lifestyle practices and attributes that also largely underlie NCDs. An
established tool for assessing indexes and lifestyle behaviors, the modified Health
Improvement Card (mHIC), is also described.

Chapter 2 outlines the literature specifically related to the contextual factors of
the ICF, namely, environmental and personal factors that influence a night’s sleep in
an individual. Behavioral interventions that can be used by the physical therapist to
modify one or more lifestyle practices or attributes to reverse adverse practices
which compromise an individual’s sleep and to promote healthy practices to maxi-
mize it are also described in that chapter and elsewhere [14—16].

Sleep Deprivation, Health, and Function

The health consequences of sleep deprivation have been well documented in the
companion textbook [17] and other established evidence syntheses [18]. Comparable
to other lifestyle factors, sleep deprivation is a metabolic oxidative stressor associ-
ated with chronic low-grade systemic inflammation (CLGSI), the common pathway
for many chronic conditions [19]. Besides the traditional assessment of underlying
pathophysiology associated with conditions and/or diseases contributing to sleep
impairment, the physical therapist needs also to assess lifestyle practices and
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attributes. Lifestyle factors impact sleep independently, as well as in combination
with underlying pathophysiology. Behavioral interventions can then be prescribed
to maximize sleep quality and quantity. Adequate metabolic reserves and being well
rested and restored are necessary conditions to maximize the benefits of exercise
and minimize potential adverse effects in the sleep deprived individual.

Sleep is essential for health and for physiologic healing and repair [1, 20]. Sleep
deprivation, on the other hand, is associated with various pathological, functional,
and behavioral consequences [21] including high blood pressure, increased stress
hormones, and lower immune function. Functional performance and capacity are
reduced, along with impaired hand—eye coordination and reaction times. Sleep
deprivation leads to daytime sleepiness, including the tendency to fall asleep during
activities such as driving. All these contribute to making patients unsafe when navi-
gating their environments. Sleep deprived individuals are more likely to be lethar-
gic, mentally depressed, and disinterested in being active or exercising, which
correspondingly compromises health and well-being. Even in the short term, sleep
deprivation can increase susceptibility to viral infection and contribute to weight
gain, heart disease, and diabetes [12]. Mortality risk increases with severity and
duration of sleep deprivation [22].

Optimal Sleep Quantity and Quality

Generally, 7-9 h of uninterrupted sleep to enable a person to go through the sleep
cycles is recommended for health and well-being in adults [23]. Young people and
older adults require more or less sleep, respectively. Importantly, the clinician needs
to appreciate that sleep is a behavior that is under stimulus control of the environ-
ment as well as a physiologic function. It needs to be regular and habitual to mani-
fest its maximal benefits. The behavior of sleep is maximized by attention to
sleeping hygiene practices and the environment where an individual sleeps [16].
These aspects and their assessments are detailed in the companion text [17].

Lifestyle Practices and Attributes That Impact Sleep

Targeted attention to patients’ lifestyle practices and attributes within the health and
lifestyle framework underpins physical therapy clinical practice guidelines, in gen-
eral [2]. This section briefly reviews the impact of lifestyle practices and attributes
on sleep specifically, and the need for the physical therapist to assess sleep and
intervene by addressing not only the underlying pathology wherever possible but
also those lifestyle practices and attributes factors that compromise sleep. By
addressing these factors, sleep can be improved. Adverse lifestyle practices and
attributes, along with sleep pathologies, are pro-inflammatory and have been well
documented to contribute to CLGSI [24, 25]. CLGSI can be ameliorated with
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behavior change toward anti-inflammatory lifestyle practices. Topics include smok-
ing, alcohol use, nutrition, body weight, and stress, as well as the level of condition-
ing including sedentariness, inactivity, and inadequate structured exercise.

Smoking

Because nicotine, a major constituent of tobacco, is a central nervous system stimu-
lant, smoking contributes to insomnia [26]. Smokers often have problems falling
and staying asleep and are more likely to develop breathing issues and experience
restless leg syndrome, both of which interrupt sleep [27]. Smoking disturbs sleep
cycles and leads to difficulty getting up in the morning and decreases alertness. Half
of the people who smoke wake during the night with a nicotine craving [28]. Of
some 1100 smokers surveyed in one study, 17% slept less than 6 h a night and 28%
reported “disturbed” sleep quality [29]. Although exercise may offset the adverse
effects of smoking on sleep, smoking cessation is the priority [30].

Alcohol Use

Alcohol depresses the central nervous system. It suppresses the all-important rapid
eye movement sleep cycle, which is essential for physical and mental restoration
and repair following sleep [31]. Alcohol reduces sleep latency onset, although alco-
hol may enable healthy people to fall asleep sooner and briefly sleep more deeply
[32]. These findings have been supported in a questionnaire study in which men
reported impaired sleep quality and duration, and general sleep disturbances, after
consuming alcohol [33].

Nutritional Status

When it comes to health and the role of nutrition, an editorial published in the
British Journal of Sports Medicine pitted exercise against diet; it summed it up—
“You cannot outrun a bad diet’ [34]. Nutritional quality impacts sleep, in turn, exer-
cise capacity. For example, deficiency of key nutrients such as calcium, magnesium,
and vitamins A, C, D, E, and K has each been associated with short sleep, differen-
tially between men and women, likely mediated through the disruption of hormonal
pathways [35]. Elements of the western-style diet have been reported to be deleteri-
ous to sleep. Low fiber and saturated fat are associated with lighter, less restorative
sleep with more sleep arousals [36].

A healthy whole food plant-based Mediterranean diet (high in legumes, vegeta-
bles, fruit; and low in animal sourced foods, fat, sugar and salt, and processed foods)
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has been the most studied diet in the world, and has been reported to be among the
healthiest [37, 38]. Its benefits have been attributed to the fact that a whole food
plant-based diet is anti-inflammatory, whereas the standard western-style diet is
pro-inflammatory contributing to NCDs [39]. Adherents to this diet have less dis-
rupted nocturnal sleep compared with others [38—40]. They also have reported less
anxiety and depression, conditions well known to disturb sleep [41]. Compared
with the traditional western-style diet, the Mediterranean diet is higher in omega-3
fatty acids, which independently reduce symptoms of depression, and improve
sleep and protect against cognitive deficits associated with sleep loss. This diet is
also high in tryptophan, melatonin, magnesium, B vitamins and vitamin D; nutri-
ents associated with several parameters linked with sound sleep [37].

Further, based on a sophisticated crossover design, the low-fat vegan diet was
recently reported to surpass the Mediterranean diet in terms of general healthfulness
and reduced disease risk [42]. The vegan diet was superior with respect to partici-
pants’ body weight, lipid levels, and insulin sensitivity. Blood pressure decreased on
both diets, but more so on the Mediterranean diet. These findings are consistent with
the conclusions of the EAT Lancet Commission that the planet needs to shift to a
whole food plant-based diet for individual, national, and planetary health [43].
Whether the consumption of a low-fat vegan diet specifically improves sleep beyond
that reported with a Mediterranean diet when it is compared with other dietary
regimes remains to be established.

That humans are vegan-by-design has been unequivocally supported by a detailed
comparative analysis of the anatomy, physiology, and digestive/metabolism of carni-
vores, omnivores, and herbivores [44]. Not only have humans been shown to be dedi-
cated herbivores, but there was no resemblance to omnivores—both plant and meat
eaters—which is commonly believed by the public, health professionals, and dedi-
cated so-called disease organizations. Substantial evidence has now been mounted
that the cultural eating patterns of people in western countries, that include animal-
sourced foods including meat, eggs, and dairy, are associated with many NCDs.
These include chronic cardiovascular, respiratory, and metabolic diseases that are
pandemic today [45] and frequently associated with breathing and sleep disorders [1].

In western countries, gastrointestinal dysfunction including gastroesophageal
reflux disease (GERD) and ‘heart burn’ are also prevalent [46]. These often mani-
fest when a person reclines, thus interfere with sleep. Such conditions are associated
with a person’s lifestyle practices and attributes including excess body weight, mod-
erate/high alcohol consumption, smoking, and postprandial heavy exercise as well
as lack of regular physical activity [47]. Eating habits such as consuming diets with
heavy acid loads, irregular meal patterns, large volume of meals, and eating meals
just before bedtime also contribute. Elements of the western-style diet have also
been implicated, namely, fatty, fried food/products, acidic foods, coffee/tea, and
carbonated beverages are triggers for GERD symptoms [47, 48]. The whole food
plant-based diet because it is lean, green, and largely alkaline can offset gastro-
esophageal reflux, regurgitation, and heart burn [49].

Coffee, tea, and many soda drinks are caffeinated. Caffeine being a central ner-
vous system stimulant can directly interfere with sleep induction [50]. Depending
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on the patient’s sensitivity, caffeinated foods and beverages should be avoided sev-
eral hours before bed. In addition, soda drinks typically have high content of sugar,
an established energizer and stimulant, thus are best avoided before bed, or avoided
altogether. Sugar is an oxidative stressor, pro-inflammatory, and increases C-reactive
protein in an index of CLGSI [51].

Body Mass

Increased body mass is a major contributor to obstructive sleep apnea and related
problems [52]. Fat deposits are commonly found in the tongue and around the neck
and throat, as well as the waist and hips, and around internal organs. Reduced body
mass can reduce these fat deposits, thus is recommended to reduce the severity of
the apneic and hypopneic events [53, 54].

Insufficient sleep has been associated with obesity and increased waist circum-
ference [55, 56]. In particular, increased waist circumference [56] is an indicator of
numerous cardiovascular problems which, as they become more severe, compro-
mise breathing and sleep.

Impaired sleep is associated with hypertension, potentially mediated through its
association with increased body mass and associated hypoventilation during recum-
bency and rest [57, 58].

Stress

Western-style living is associated with high stress levels and sleep disturbance not
only in adults but also in children [59]. The association of sleep and mental health
can be bidirectional or a combination of both directions. Sleep can be disrupted by
mental health issues most commonly anxiety and depression [60]; in turn, sleep
deprivation can lead to anxiety and depression [60, 61]. A detailed assessment
enables the physical therapist to establish the association between sleep and mental
health in a given patient; which, in turn, informs targeted lifestyle behavior change
interventions.

Sedentary Behavior, Inactivity, and Lack of Exercise

Traditionally, physical therapists have focused on sedentarism and inactivity as the
basis for prescription of structured exercise in order to maximize the functional
capacity of patients. With the adoption of the ICF however, physical therapists have
recognized that functional capacity reflects other lifestyle practices and attributes
including sleep, and underlying pathologies, and the reverse. Unless judiciously
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prescribed however, imposing exercise stress on a patient who is sleep deprived may
not only exacerbate their symptoms but also further compromise their immune sta-
tus by increasing a CLGSI response.

People with disrupted sleep are more likely to sit more and be less active, or not
undertake regular structured exercise [1]. All three categories need to be assessed
clinically in patients with sleep disorders. Imposing increased exercise load on sleep
deprived individuals with the intent of improving exercise capacity is not likely to
be effective and could be unsafe. First, the underlying causes of and contributors to
disrupted sleep need to be identified and mitigated or largely reversed to prepare the
patient physiologically for increased exercise stress.

Assessment of Lifestyle Practices and Attributes That
Impact Sleep

This section highlights tools to assess sleep and describes the modified Health
Improvement Card (mHIC) (Figs. 1.2a, b) [62]. The mHIC is a user-friendly tool for
assessing basic lifestyle practices and attributes and serves as a basis for targeting
and tailoring lifestyle behavior change programs.

Tools to Assess Sleep

There are several established tools for assessing and evaluating sleep quality and
quantity objectively and subjectively which have been described in this text’s com-
panion volume [63, 64]. In addition, the Pittsburgh Sleep Quality Index [65, 66] is
one of the most used tools for the subjective assessment of sleep quality, and is
considered valid and reliable [67]. It is publicly accessible and can be completed
online or on paper. The findings can then serve as a basis for behavioral change
interventions which have been well described elsewhere [7-16].

The ICF check list provides a comprehensive framework for assessing functional
health of individuals with sleep disorders in a clinical setting [68]. It enables the
clinician to identify how various factors impact that individual’s sleep and also pro-
vide an informed basis for targeted intervention.

The Modified Health Improvement Card

A useful easily administered assessment/evaluation tool for major lifestyle behav-
iors and attributes is the mHIC (Fig. 1.2). It provides a basis for targeting and tailor-
ing education and interventions to effect positive lifestyle behavior change. The
original HIC [69, 70] was developed by the World Health Professions Alliance
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a
HEALTH IMPROVEMENT CARD
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T

Fig. 1.2 (a, b) Modified health improvement card. ([62]; Modified and reprinted with permission
World Health Professions Alliance
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= | function, and emotional status; reduced immune status - -
| | SLEEP
QUALITY + chronic infl ion; improved Bt aelon Mot rmm.i
physical, cognitive, emotional and immune status aviaking when awaking
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Fig. 1.2 (continued)
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which consists of the world’s five leading established health professions including
nurses, physicians, and physical therapists. It has been modified to update its criteria
for healthy and unhealthy lifestyle practices and attributes based on current evi-
dence. The mHIC is designed to complement the assessment findings from dedi-
cated sleep assessment tools.

The mHIC has three sections: patient’s information, biometrics, and key lifestyle-
related behaviors. Lifestyle behaviors and recommendations are rated based on
degree of risk, that is, on a color-coded traffic light system of green (meeting the
criteria for health for each behavior and associated with low NCD risk), amber (cau-
tionary NCD disease risk), and red (unhealthy and associated with high NCD dis-
ease risk). The mHIC serves as a basis for patient education in that it clearly identifies
targets for the patient’s behavioral change of lifestyle practice and attributes.

Summary and Conclusion

Lifestyle practices and attributes can interfere with a patient’s sleep independently,
as well as when they are superimposed on various conditions and diseases affecting
sleep. Conversely, pathophysiological conditions can impact lifestyle practices and
attributes, thereby further compromising sleep. Thus, the physical therapist’s assess-
ment necessarily includes assessment of lifestyle practices and attributes, which
impact sleep independently, in addition to the conventional assessment of the under-
lying pathophysiological conditions. To complement the findings from sleep assess-
ment tools, the mHIC is an easy-to-use clinical tool for assessing lifestyle practices
and attributes, as well as providing a basis for patient education and targeting spe-
cific health behavior changes. Behavior change interventions are prescribed by the
physical therapist to maximize the patient’s sleep, in turn, functional capacity and
overall health. Alternatively, referral by physical therapists to other health profes-
sionals may be warranted. In this case, physical therapists have a responsibility to
support those health behavior change initiatives instituted by other health
professionals.

This chapter highlights the use of the health and lifestyle framework in the physi-
cal therapists’ clinical practice guidelines, with special reference to individuals with
sleep problems. It summarized the literature related to the impact on sleep of life-
style practices and attributes, that also largely underlie NCDs, namely: smoking;
alcohol use; nutritional status; body mass; and stress; as well as sedentary behavior,
inactivity, and lack of structured exercise. Contemporary physical therapy practice
warrants going beyond the traditional biomedical model and ‘exercise as medicine’
mantra, to maximizing functional capacity and performance through maximizing
lifestyle attributes and practices including sleep. Physical therapy management of
sleep disorders, based on the evidence-informed health and lifestyle framework that
is consistent with twenty-first century physical therapy practice, can maximize sev-
eral inter-related outcomes for patients with sleep disorders, that is, health-related,
preventive, disease-specific, and functional.
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Chapter 2
Physiotherapists: Sleep Health Promoters

Mayis Aldughmi @, Cristina Frange, and Catherine F. Siengsukon @

Role of Physiotherapists in Promoting Sleep Health

Physical therapists (PTs) are health care professionals who are well positioned and
experienced to promote health across different populations and age groups [1].
Their role is vital in encouraging their patients to adjust various lifestyle behaviors
as seen in Chap. 1 [1]. PTs help in preventing, reducing the risk factors, and treating
various conditions including non-communicable diseases (NCDs) [1]. They use
various strategies, modalities, and non-invasive hands-on interventions when they
treat their patients, such as physical activity and exercise therapy [1], kinesiother-
apy, manual therapies, electrotherapeutic and needling modalities, education and
self-management. Educating patients about the role of PTs as health promoters is
key for the success of improving the patient’s overall health and wellness.

Promoting sleep health is no different from the lifestyle behaviors in which PTs
can play a vital role in [2-4]. In June 2020, the American Physical Therapy
Association (APTA) house of delegates officially adopted the position “The Role of
the Physical Therapist and the American Physical Therapy Association in Sleep
Health” [5]. In part, it states:
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Physical therapists are part of an interdisciplinary team of licensed health services provid-
ers in prevention and management of sleep impairments and promotion of healthy sleep
behaviors.

This position was an important step that recognized the professional role of the
physical therapist in promoting sleep health. Recently, a presidential advisory from
the American Heart Association (AHA) added “sleep health” as an essential life
factor for cardiovascular health [6].

Despite acknowledging the importance of sleep for health, the prevalence of
sleep disturbances is rising across the globe. Up to 70 million adults in the United
States alone experience sleep disturbances [7]. The most reported health complaint
among adults is sleep insufficiency [1]. The Center for Disease Control and
Prevention (CDC) considered insufficient sleep as a public health epidemic due to
its negative impact on health [8]. Furthermore, numerous studies have been con-
ducted to estimate the prevalence of sleep disturbances since the outbreak of the
COVID-19 virus [9]. A recent systematic review and metanalysis of data from 49
countries worldwide concluded that the prevalence of sleep disturbances increased
by 43% during the lockdown and decreased to 38% after lockdown [9]. Also, the
study found that four out of ten individuals who were mostly children, adolescents,
and patients infected with the disease reported a sleep problem during the pandemic.

PTs who are professional health promoters and movement specialists need to
recognize the consequences of poor sleep on rehabilitation outcomes and the overall
well-being of their patients. They need to be well equipped with knowledge regard-
ing the common assessment and screening tools of sleep quality, and what are the
management strategies they can utilize to help their patients improve their sleep
quality. Their role as sleep health promoters is of high importance and should
become a standard of clinical care in PT.

Relevance of Sleep to PT Practice

Sleep Issues in Various Populations Commonly Treated by PTs

The prevalence of sleep disturbances is frequent in different populations that are
commonly treated by PTs. Sleep disturbances such as sleep onset delay, sleep apnea,
and frequent nocturnal wakings are common in children with neurodevelopmental
conditions (NDC), including children with cerebral palsy (CP), down syndrome
(DS), autism spectrum disorders (ASD), and pediatric cancer patients [10, 11]. Poor
sleep is also highly prevalent among individuals with neurologic conditions such as
stroke [12, 13], Parkinson’s disease [14, 15], Alzheimer’s disease [16, 17], and mul-
tiple sclerosis [18, 19]. Sleep disturbance in these populations is often primary from
brain lesions in areas that control sleep, or secondary from common factors and
symptoms such as side effects from medications administered to control their neuro-
logic symptoms, pain, spasticity, bowel and bladder dysfunctions, anxiety, or
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breathing difficulties [1]. Furthermore, individuals who undergo orthopedic surgeries
and those with low back pain can also suffer from various sleep disturbances [20, 21].

In addition to that, it is well documented in the literature that older adults com-
monly have sleep disturbances [22]. It is important to note that sleep architecture
changes with the normal aging process; it is the consequences of aging such as
medication use and psychosocial factors that make older adults vulnerable to sleep
problems [22]. Considering the variety of patients often receive PT services, provid-
ing sleep education and promoting sleep health and wellness should be prioritized
by PTs, to reduce the risk of developing sleep disturbances that can negatively
impact the quality of life of these individuals.

Sleep Issues Among Individuals Treated in Various PT
Practice Settings

Sleep disruption is a common complaint for many individuals receiving PT but is
particularly a prevalent issue for people receiving care in hospital settings.
Hospitalized patients are at high risk for developing sleep—wake dysfunction [23],
which refers to disruption of the normal sleep—wake relationship that can result
from factors such as a reduced number of hours of sleep or inappropriate timing
between wake and sleep. For instance, neurologic adult patients in the hospital suf-
fer from frequent night-time awakenings and sleep an average of 5 h per night [24].
Patients who are in a critical state in intensive care units often have more sleep dis-
ruptions, such as decreased total sleep time and abnormal sleep architecture mani-
fested by increased NREM N1 and N2 sleep stages, and reduced NREM N3 sleep
stage [23]. Around 55% reduction in sleep hours has been previously reported
among pediatric patients in intensive care units [25]. Also, reduced total sleep time,
sleep fragmentation, and later bedtimes are factors that have been previously linked
with sleep disruption among young, hospitalized children [26].

Evidence suggests that sleep—wake dysfunction can become exacerbated by hos-
pitalization if there is a preexisting sleep disorder such as sleep-disordered breath-
ing (SDB) or hypersomnia disorders [27]. Unfortunately, when present, sleep—wake
dysfunction can have detrimental health consequences on hospitalized patients [23,
28, 29]. Sleep—wake dysfunction among hospitalized patients is believed to be
caused by both intrinsic and extrinsic factors [30]. Intrinsic factors which can vary
among patients include pain, discomfort, pre-existing sleep disorder, psychiatric
conditions such as depression and anxiety, bowel and bladder issues, and delirium
[23, 31]. On the other hand, extrinsic factors are related to the environment sur-
rounding the patient, such as room bright lights, noise (from medical staff, equip-
ment alarms, visitors, hospital roommates), repetitive clinical examinations day and
night, losing normal bedtime routine, rooms without windows and medication use
[23, 26].
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Sleep alterations are also common in individuals in long-term care facilities and
nursing homes [32, 33]. Sleep patterns shift follows admission of elderly individu-
als into long-term care facilities [32, 34]. These individuals reported interrupted
sleep approximately twice as frequently as pre-admission as well as a 60% reduc-
tion in the number of hours slept, increase in nap frequency during the day follow-
ing admission compared to pre-admission, and around one-third of the residents
have symptoms of insomnia [32]. In addition, nursing home residents who suffer
from sleep disturbances often exhibit lower levels of physical activity or a sedentary
state, decreased social interaction and communication, and an increase in interper-
sonal conflicts compared to those with no sleep problems which could lead to a
spiraling decline in function and health [34]. Physical, psychosocial, and environ-
mental factors have been previously reported that increase the incidence of sleep
disturbances among residents of long-term care facilities and nursing homes [32].
Ideally the hospital and long-term care settings should be modified to encourage a
healthy sleeping environment, in addition to routine sleep quality assessment and
management to improve their sleep quality.

Impact of Sleep Disturbances on Rehabilitation Outcomes

Sleep disturbances among the variety of patients who receive PT services may
worsen their condition, prolong recovery periods, and affect functional rehabilitation
outcomes. Evidence suggests that the presence of sleep disorders among various neu-
rological conditions reduces the participation of these patients in physical therapy
activities, hence affecting recovery process [35-37]. For instance, individuals with
stroke who commonly suffer from sleep apnea, insomnia, and excessive daytime
sleepiness report poor quality of life and impaired performance of activities of daily
life (ADLs) and functional activities [38]. Excessive daytime sleepiness among indi-
viduals with multiple sclerosis is highly associated with fatigue which in turn impact
their daily functional activities [39]. Furthermore, evidence suggests that sleep dis-
turbances impact motor skill learning and cognitive function [40, 41]. PTs incorpo-
rate in their treatments learning new skills and tasks that require the patient’s attention,
working memory, problem-solving, and mental flexibility. Therefore, participation in
therapy and functional outcomes will be negatively affected in patients with poor
sleep quality or quantity.

Among hospitalized patients, sleep—wake disorders were linked with prolonged
recovery and length of stay, and poor perceptions of wellness and hospital care [23,
24]. Sleep deprivation and sleep—wake disorders may lead to serious detrimental
effects on immune function, pain modulation, the hypothalamic-pituitary-adrenal
axis, and autonomic function [27]. In fact, evidence suggests that among hospital-
ized patients, reduced sleep duration and deprivation were independently associated
with hyperglycemia and impaired fasting glucose [42]. Furthermore, sleep depriva-
tion may increase the likelihood of the development of delirium, which affects up to
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50% of hospitalized older adults, specifically men who are older than 80 years old
[43]. Compared to those without delirium, hospitalized older adults with delirium
have a higher risk of prolonged hospital stay, institutionalization post discharge, and
higher mortality rates 6 months post-discharge [44].

Obstructive sleep apnea (OSA) is the most studied sleep disorder among hospi-
talized patients that can significantly impact clinical outcomes [45]. Evidence sug-
gests that patients post-surgeries who suffer from OSA are more likely to be
transferred to the intensive care unit with prolonged hospital stay, mainly due to
hypoxemia that resulted from OSA [46]. Similarly, pregnant women who suffer
from OSA have an increased risk for cardiovascular and maternal morbidity, and
consequently in-hospital death [47].

PTs can have an active role in preventing the risk for developing sleep distur-
bances among various conditions. They need to be aware of the critical need for
quality and quantity sleep for patients to heal, modulate pain, learn, develop new
skills and abilities, and function at their greatest potential.

Considering management strategies to improve sleep quality may offer a new
venue of targeted treatment for PTs that could lead to improvement in patients’
function and overall quality of life.

Physiotherapeutic Interventions to Improve Sleep

Considering sleep’s critical role for proper body function, healing, and recovery,
what should be the PT’s role regarding sleep? Several international associations
publicly released their views on the role of PT regarding sleep health as well as
clinical practice guidelines to guide PTs in respect to the assessment and manage-
ment of common sleep issues. The APTA 2020 house position [5] clearly stated that
the PT should use the best available evidence to:

Screen for sleep dysfunction; Identify impairments related to sleep dysfunction; Implement
and progress therapeutic interventions to address impairments that interfere with sleep;
Educate society, patients and clients, caregivers and providers on healthy sleep behaviors
and the relationship between sleep, pain, physical activity, function, health, and wellbeing;
Monitor and, if indicated, manage sleep quality and quantity in patients and clients to
enhance physical therapy outcomes; and Refer to sleep medicine professionals as indicated.

Also, the Brazilian Sleep Association published in 2022 clinical practice guide-
lines as recommendations for PTs to manage sleep disorders, reviewing the litera-
ture so far and suggesting further investigations in the field [48].

In addition to that, practical sleep health and wellness information for PTs was
previously published in an attempt to spread the knowledge among PTs about the
critical role of sleep and its impact on rehabilitation outcomes, and what they can do
in terms of assessment and management of sleep [2, 4]. This section will provide an
overview and summary of evidence about the management strategies PTs can utilize
to improve sleep quality among their patients.
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Sleep Hygiene Education

Sleep Hygiene Education (SHE) is a set of behavioral and environmental recom-
mendations provided to an individual for the purpose of promoting healthy sleep. It
was first used in the late 1970s for the treatment of insomnia and is considered the
most commonly used non-pharmacological treatment for individuals with sleep
problems [49, 50]. The most common covered areas in SHE include lifestyle behav-
ior modifications (caffeine, tobacco, and alcohol consumption), noise, stress, and
sleep regularity [51].

Improved sleep quality following SHE was shown among adolescents and uni-
versity students, individuals with chronic low back pain and hemodialysis [52-54].
Although SHE alone can be effective in improving sleep, evidence suggests that if
SHE was combined with other treatments, this may provide more favorable out-
comes. For example, patients with cancer receiving chemotherapy had improved
sleep following SHE combined with reflexology [55].

In addition to that, the mode of delivery of SHE might impact its effectiveness.
A 2021 study that explored SHE on hospitalized patients did not offer SHE in the
form of a leaflet or booklet instructions. Instead, SHE was delivered in a form of a
bundle containing scripts with SHE prompts, and a sleep package that includes
earplugs, eye masks, and non-caffeinated tea [56]. Sleep quality improved signifi-
cantly in their sample.

Although SHE seems to improve sleep quality, other treatments might be more
superior in improving sleep. A 2018 systematic review and meta-analysis on the
efficacy of SHE for treating insomnia [57] showed that compared to SHE, Cognitive
Behavioral Therapy for Insomnia (CBT-I) treated insomnia more significantly.
Similar findings were found among postmenopausal women [58] and patients with
traumatic brain injury [59].

More studies are needed to explore effect of SHE on various populations and its
impact on rehabilitation outcomes.

Exercise Therapy

The benefits of exercise on various body functions and systems are well known, and
physical activity is considered one of the most areas of focus for health promotion
and wellness among PTs [4]. The impact of exercise therapy on sleep quality is well
documented among healthy adults [60-65].

Evidence suggests that a single bout of exercise can increase sleep efficiency and
slow wave sleep (SWS or NREM N3 sleep stage), and at the same time decrease sleep
latency and wake after sleep onset among healthy young adults [63, 66]. The mecha-
nisms by which exercise improve sleep are still under investigation; a combination of
factors such as improved mood, melatonin-mediated factors, heart rate variability
changes, increases in growth hormone, changes in autonomic dysfunction, changes in
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body core temperature, boosting of immunologic system, change of important neu-
rotransmitters related to sleep, increase sleep pressure, and increased brain-derived
neurotrophic factor (BDNF) levels might explain these positive effects [67—69].

The intensity and timing of exercise need to be taken into consideration when
prescribed to improve sleep quality. A 2019 systematic review on the effect of phys-
ical activity on sleep showed that a moderate intensity physical exercise seems the
optimal intensity to improve sleep quality among healthy individuals of all age
groups [65]. On the contrary, vigorous late night exercise showed negative impacts
on sleep, probably due to increased body temperature induced by exercise that inter-
feres with the normal sleep mechanisms [70]. A 2018 systematic review and meta-
analysis on the effect of evening exercise (within 4 h before bedtime) on sleep
among healthy individuals [62] showed that evening exercise improved sleep qual-
ity except for vigorous intensity exercise, which seem to impair sleep efficiency,
total sleep time, and sleep latency. Therefore, one can conclude that it is the inten-
sity of exercise in the evening that may improve or impair sleep.

Among older adults, a 2022 systematic review and network meta-analysis that
aimed to compare the efficacy of exercise types on sleep quality showed a combined
exercise program specifically muscle endurance training and walking was the optimal
form of exercise to improve sleep quality. In addition to that, multi-component exer-
cise therapy to improve sleep quality gained attention in recent years, as there is no
optimal type of exercise to recommend for improving sleep. Low impact multi-com-
ponent mind-body exercises such as Tai-chi and Yoga showed positive impact on sleep
among middle aged and older adults compared to conventional exercise [64, 71-74].

The effect of exercise on sleep disorders such as insomnia and OSA is being
studied in the literature [60, 61, 75—77]. Findings from a 2021 systematic review
showed that regular exercises such as walking and cycling as well as mind-body
exercise such as Yoga improved self-reported insomnia severity and daytime sleepi-
ness among adults with insomnia [60]. Another 2020 systematic review and meta-
analysis that aimed to explore the effect of exercise on adults with OSA showed that
exercise training improved sleep quality and quality of life and simultaneously
decreased daytime sleepiness among adults with OSA [77]. Several attempts were
made to explore the impact of exercise on sleep among adults with various condi-
tions who commonly suffer from sleep disturbances. A 2020 review [78] on the
impact of exercise on sleep among individuals with neurodegenerative disease
showed that exercise has promising results in improving self-reported sleep among
those with Alzheimer’s disease and Parkinson’s disease, but additional research is
needed to understand which type of exercise is most effective. Another 2022 review
on the effect of exercise on sleep and fatigue among individuals with chronic stroke
concluded that there is preliminary evidence that exercise improves sleep and
reduces fatigue in this population, but there were concerns on the quality of these
studies in terms of bias [79]. A 6-week aerobic moderate intensity exercise program
improved sleep quality and increased serotonin levels among individuals with mul-
tiple sclerosis [80]. Another study in multiple sclerosis also showed that both a
12-week moderate intensity aerobic exercise program and a low intensity stretching
and walking program improved self-reported sleep quality [81]. More research is
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needed in this area, but findings so far show promising results that exercise training
can improve sleep quality among individuals with various neurological conditions.

Other populations that had their sleep quality improved after exercise training
include children with autism [82], individuals with breast cancer [83], and individu-
als with low back pain [84, 85].

Based on the evidence reviewed in this section, it is of no surprise that sleep
associations recommend exercise therapy as a low cost, low risk, non-
pharmacological, and easily administered treatment for poor sleep [86]. Exercise
training seems to improve sleep quality among various populations from all age
groups; PTs therefore can utilize exercise therapy in their routine plan of care as a
target to improve sleep quality.

Cognitive Behavioral Therapy

The most recommended first line of treatment for individuals with insomnia disor-
der is Cognitive Behavioral Therapy for Insomnia (CBT-I) [87]. CBT-I is a psycho-
logical and behavioral evidence-based intervention that targets thoughts and
behaviors about sleep [1]. It consists of multiple components including sleep restric-
tion, sleep hygiene education, stimulus control, relaxation techniques, and cognitive
therapy [88]. Evidence suggests that CBT-I can have an immediate and long-lasting
effects on sleep quality and quantity [89].

Traditionally CBT-I is delivered face to face as an individual session or within a
group by a certified professional (psychologist) [1]. However, researchers have
recently utilized digital CBT-I which can be delivered via telephone, mobile apps,
and websites [90]. A systematic review and network meta-analysis study in 2022
explored the efficacy of digital CBT-I; it found that the number one mode of deliv-
ery was web-based CBT-I with a therapist which improved sleep efficiency and
duration and decreased sleep latency and wake after sleep onset [90].

A 6-week CBT-I intervention was shown to be feasible with positive effects on
self-reported sleep quality among individuals with multiple sclerosis [91]. Findings
from another study on individuals with multiple sclerosis found that CBT-I increased
sleep efficiency and decreased total sleep time measured using actigraphy [92]. A
systematic review and meta-analysis on the efficacy of CBT-I on several non-motor
symptoms including sleep in Parkinson’s disease found that a CBT-I intervention of
more than 8 weeks showed moderate positive effects on sleep among this popula-
tion [93]. Other populations that had improved sleep quality following CBT-I
include older adults with osteoarthritis [94], pregnant women [95], individuals with
chronic pain [96], fibromyalgia [97], type 2 diabetes [98], stable heart failure [99],
breast cancer [100], and hemodialysis [101].

Recognizing the benefits of the biopsychosocial model in PT practice is gaining
recognition [102]. CBT-I components (sleep hygiene education, sleep restriction,
stimulus control, relaxation, etc.) offer a venue in which PTs can incorporate the
biopsychosocial model into their practice to promote sleep health [103].
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Future Directions

The field of sleep PT is growing and is yet in its embryonic state worldwide. Many
sleep-related disorders may have positive outcomes with non-pharmacological
treatment provided by PTs, as standalone therapies or in adjunction with physician
and other health professionals care. Willis-Ekbom disease (Restless Legs Syndrome),
circadian rhythm sleep—wake disorders and sleep-breathing disorders, such as upper
airway resistance syndrome, are still a challenge for PTs to treat, due to the lack of
evidence-based treatments guidelines and recommendations. We need to invest on
research for this field to grow.

Summary and Conclusion

This chapter highlighted the role of PTs in sleep health promotion and wellness. It
summarized the evidence regarding the conditions with sleep disturbances that PTs
commonly treat, and in different practice settings. Also, the impact of sleep distur-
bances on rehabilitation outcomes among various conditions was highlighted. There
are different feasible treatment strategies that can be utilized by PTs to improve
sleep quality among their patients. Education, physical and behavioral strategies are
the main pillars of intervention that can be used by PTs to promote sleep health. PTs
need to continuously update their knowledge on sleep treatment interventions as
research in this area is growing in a fast pace.
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Introduction

Chronic neck pain (CNP) is one of the most common types of chronic musculoskele-
tal pain [1]. It was defined as pain in the cervical area with or without referred pain to
upper limbs that lasts for at least 3 months [2]. The precise etiology of CNP is not yet
well documented; however, it is linked with and complicated by different physiologi-
cal and psychological factors. Sleep disturbance is one of the factors that are believed
to be associated with CNP [3, 4]. Sleep is an essential element for health, and obtain-
ing sufficient sleep is important for various physiological functions [5]. During sleep,
the brain cycles through four stages that include Non-Rapid Eye Movement (NREM)
which encompasses N1, N2, and N3 sleep stages, and Rapid-Eye-Movement (REM)
sleep stage. These sleep stages cycle around 4-6 times, lasting around 90 min each [6].
Sleep disturbance is a broad term that encompasses problems of initiating and
maintaining sleep. Sleep disturbance has become an increasingly prominent symp-
tom in CNP patients and is significantly associated with the intensity of pain [4]. In
our previous work, PSG findings have found that CNP patients had shorter total
sleep time (TST), decreased time spent in deep sleep (REM sleep stage), and
increased amount of time spent in light sleep (N1 sleep stage) compared to healthy
participants, and these disruptions were associated with pain intensity [7].
Conservative treatment is the mainstay for the treatment of CNP. Training of
neck muscles was shown to be an essential approach to improve the clinical out-
comes in short- and long-term benefits for CNP patients [8]. Manual therapy is
another approach that has proven its effectiveness in alleviating neck pain [9].
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Specifically, there has been growing interest in evaluating the effect of myofascial
release therapy in the treatment of neck pain [10]. Myofascial release therapy was
shown to be more efficient than manual therapy in improving the range of motion
and quality of life in CNP patients [10]. Furthermore, incorporating interferential
current therapy into rehabilitation programs was found to increase the efficacy of
exercises in alleviating the intensity of pain and disability compared to exercise
alone in CNP patients [11]. Although myofascial release therapy and neck exercises
were effective in the treatment and management of CNP as well as in improving
quality of life, sleep quality as a primary outcome has rarely been examined in clini-
cal trials in CNP patients. These treatment strategies have been shown to be effec-
tive in improving sleep quality in CNP patients; however, this improvement was
established only via subjective measures [12—15]. It could be reasonable that, when
sleep disturbances are present, they can be essential contributing variables to the
clinical presentation of CNP patients. Therefore, the aims of this case report are to
describe the results from an evaluation of a patient with CNP that includes a com-
prehensive evaluation of objective sleep measurement by PSG and sleep quality
assessment by the Pittsburgh Sleep Quality Index (PSQI), and to describe a physio-
therapy intervention that includes active exercises and myofascial release to mini-
mize the impact of sleep disturbances. The focus of the physiotherapy intervention
was on (1) sleep architecture, (2) self-reported sleep quality, and (3) pain intensity.

Patient Information

M.C.G., a 38-year-old man, came to the physiotherapy clinic with CNP.

Chief Complaint

The patient reported a 2.5-year history of slowly progressive neck pain with short peri-
ods of relief which sometimes went till the trapezius of both the sides. This pain ham-
pered his ability to sleep. His average pain score on a visual analogue scale was found to
be 7/10 and his worst imaginable pain was experienced to be 9.5/10. The patient reported
difficulties in maintaining sleep and frequent awakening during the night (2—4) times.
He also complaint of waking up unrefreshed with grogginess along with neck pain.

Aggravating and Relieving Factors

The patient reported that his neck pain increased with most neck activities (specifi-
cally neck extension and rotation). He reported difficulty in sitting and working on a
chair for greater than 40—45 min. Maintaining straight back and doing physical activ-
ities for more than 30 min were reported to be aggravating factors. Lying supine and
prone, gentle massage, and taking a hot bath were reported to be relieving factors.
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Previous Intervention

One year prior to his physiotherapy visit, the patient received three different treat-
ments options that included (pain medications, anti-inflammatory medicine, and
steroid injections). The patient reported significant relief after treatment, but the
improvement did not last for more than 2—3 months after each treatment.

Diagnostic Assessment

Physical Examination

Visual examination found (1) a forward head posture, (2) a protracted scapula, (3) a
kyphotic thoracic spine, (4) increased extension in the upper cervical spine, and (5)
protracted shoulders.

Cervical active range of motion: The patient had 41-degree flexion, 52 exten-
sions, 28/30 side bending to the left and right, respectively, and 75°/80° of rotation
to the right and left, respectively. Passive range of motion was not assessed as it led
to an increase in pain.

Shoulder active range of motion: Shoulder motions were assessed and were pain-
less and had full range. The patient reported an increase in pain intensity in the
upper trapezius muscle with shoulder flexion.

Manual muscle testing was not performed because resisted movement aggra-
vated the pain.

Sleep and Pain Assessment
Polysomnography

At baseline, a 2-night protocol was performed to avoid “first-night” effects. On the
second night, the PSG recordings included electroencephalogram (EEG), electro-
oculogram (EOG), and submental electromyography (EMG) electrodes. Data from
the second night were used for assessing sleep architecture at baseline. After com-
pleting 7 weeks of intervention, the patient was assessed for his sleep through the
same procedure of PSG recording used at baseline. Detailed PSG protocol, elec-
trode placement, and scoring can be found in our previous work [7]. Table 3.1
explains the parameters derived from PSG.

Subjective Sleep Quality

Self-reported sleep quality was evaluated by the Pittsburgh Sleep Quality Index
(PSQI) [16] which is a 19-item questionnaire assessing sleep across seven dimen-
sions over the last month with 21 being highest and O being the lowest score.
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Table 3.1 Sleep architecture parameters

Variable

Definition

Total sleep time (TST,
minutes)

The total amount of time from the sleep onset until the
awakening or amount of time in NREM and REM

Sleep efficiency (S. %)

The ratio of TST/total time in bed/100

Sleep onset latency (SOL,
minutes)

The total time between lights out and the onset of sleep or the
first epoch of the N1 stage, following those six epochs of N1 or
a deep stage of NREM

Non-rapid eye movement
(approximately 75% of TST)

Percentage of time spent in Stage 1 (N1), Stage 2 (N2), and
Stage 3 (N3, slow wave slep, SWS)

Rapid eye movement
(approximately 25% of TST)

Percentage of time spent in Stage R (REM sleep)

Wakefulness (W, %)

Percentage of time spent in wakefulness

Subjects scoring from O to 4 are considered to be good sleepers, whereas five or
more are considered as poor sleepers.

Pain Intensity and Disability

Pain intensity and disability were assessed by the Numerical Pain Rating Scale
(NPRS) and the Neck Disability Index (NDI). They were measured at the time of
recruitment and after 7 weeks of intervention [17].

Physiotherapeutic Intervention

The goal of the physiotherapy intervention was to address the identified physical
and sleep impairments in an attempt to improve the sleep quality and to reduce the
severity of pain.

The patient received a total of 30 sessions distributed over 7 weeks of progressive
resistance-endurance exercises for the neck and shoulder muscles. The patient started
the session with 10—15 min of warm up on the treadmill followed by 5 min of general
body stretching. The treatment began with a hot pack for 15 min followed by gentle
neck isometric exercises. The patient engaged in a variety of neck-shoulder exercises,
including chin tucks, cranio-cervical flexion, cervical flexion, and upper back exten-
sions in supine and prone positions, respectively. Exercises for the shoulders were
done standing up (shoulder shrugging and abduction). To prevent excessive loading
of the cervical spine during the first few sessions, no external resistance was added to
the exercises. TheraBand was utilized to do exercises for the neck and shoulders,
while dumbbells were used for the shoulders. On the basis of patient feedback and
tolerance, the exercise’s intensity and repetitions were gradually increased. Training
for neck endurance and resistance was done while seated, supine, and prone (Fig. 3.1).
The session’s length was gradually extended from 30 to 35 min to 50—60 min.
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Fig. 3.1 Groups of selected neck strength-endurance exercises. (Original Figure. Reprinted with
permission from M.C.G.)

Fig. 3.2 (a) Cross-hand release of lateral neck muscles: the patient is placed in a side-lying posi-
tion and the therapist stands at the corner of the table. The therapist places one hand on the antero-
lateral aspect of the shoulder and the other hand on the lateral side of the neck. Lean toward the
patient to reach the tissue depth barrier, wait and apply sustained pressure; (b) Cross-hand release
of the anterior cervical spine muscles: The patient is placed in a supine position and the therapist
is sitting on a chair on the head side, with one hand on the posterior aspect of the head to support
it and the other hand on the patient sternal area. The patient is instructed to relax and leave the head
weight on the therapist hand, while the other hand sinks into the sternal area or to the barrier of
tissue resistance, wait and follow the subtle yielding of the tissue. As the patient’s neck softens,
gently draw the patient’s head toward you and at the same time apply a gentle pressure toward the
feet with another hand [18]. Technique applied for at least 5 min. (Original Figure. Reprinted with
permission from M.C.G.)

Additionally, the patient received myofascial release therapy focused on the neck
muscles (Figs. 3.2 and 3.3), especially (the upper trapezius muscle and the suboc-
cipital muscles) [18, 19]. Each session of the release lasted for about 50-60 min. A
combined therapeutic device, which included interferential therapy, was applied for
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Fig. 3.3 (a) Cervical wedge technique: the patient is placed in a supine lying position with the
therapist standing at the head of the treatment table. The therapist uses the fingertips of both hands
to identify the space and texture of tissues between and beside the spinous processes of two verte-
brae and at the suboccipital area. The therapist fingertips reach into areas of restriction while
maintaining the hands in a relaxed position. Wait for joints to open in response to the pressure of
the fingertips, rather than trying to push your fingertips inside; (b) Mother cat technique: this tech-
nique aims to relax and surrender the posterior neck fascia. The therapist wraps his hand around
the back of the cervical spine, while the patient is supine lying. The full hand of the therapist gath-
ers and grasps the outer layers of the neck tissues. The therapist applies gentle posterior traction to
the outer layers of the muscles within these, particularly trapezius muscle, and deep and superficial
fasciae. Permit the tissues to slowly slide out from under the therapist hands. Repeat the technique
several times; (¢) Upper Trapezius Release: The patient is in the sitting on a low stool with hips
being higher than the knees. The therapist stands behind the patient. The therapist works bilaterally
with soft fists, sinking, and taking up a line of tension into the middle part of the trapezius muscle.
Then, the therapist carries the tension toward the trapezius muscle attachments at the acromial
processes. Repeat the technique 2-3 times Repeat this technique while the patient slowly drops his
head forward and rotates his head and neck from side to side ([19]; Original Figure. Reprinted with
permission from M.C.G.)

Fig. 3.4 Interferential
current application.
(Original Figure. Reprinted
with permission from
M.C.G.)

15 min; the electrodes were positioned in opposition to the cervical spine
(C5-C6-C7). The intensity of the interferential therapy was adjusted for each
patient’s sensitivity (Fig. 3.4).
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Findings

In the clinical results that have been evaluated, the patient has significantly improved.
After receiving treatments for 7 weeks, he reported a tremendous improvement in
the severity of his neck pain. On a NPRS scale, the level of pain dropped from 7
before therapy to 2 after. He showed improvement in his sleep quality, as seen by his
PSQI dropping from 8 to 3 which indicated that the pain alleviation was followed
by an improvement in sleep architecture. The disability was likewise reduced from
31% to 14%. After therapy, nighttime awakenings were reported to be (1-2) times
which is less than before (2—4) times.

The results of the PSG performed before and after 7 weeks of physiotherapy
intervention also showed improvements in sleep architecture parameters. The total
sleep time increased from 402 to 415 min, sleep efficiency increased from 92.3% to
96%, and sleep onset latency decreased from 26 to 18 min. The percentage of N1
sleep decreased from 18% to 9%, while the percentage of N2 sleep increased from
40% to 45%. The percentage of N3 sleep decreased from 21% to 18%, while the
percentage of REM sleep increased from 13% to 20%. Wakefulness did not show
any significant changes and remained at 8%.

Discussion

The current case report provides new evidence that physiotherapy treatments
enhanced sleep quality and sleep architecture in patients with CNP with sleep dis-
turbance. In this case report, the patient recorded both subjective and objective sleep
problems prior to treatment. After 7 weeks of therapy, the patient sleep quality was
improved according to his own self-reported sleep patterns.

Sleep architecture has also improved as he spent less time in light sleep (N1) and
more time in deep sleep (REM). Additionally, TST and sleep efficiency have
increased, while SOL has decreased.

Following neck stabilization and progressive resistance-endurance exercises,
CNP patients reported a significant increase in their self-reported sleep quality. This
could be linked to a decrease in pain intensity, which in turn may enhance sleep
quality [12]. There isn’t yet information on how people with CNP are affected by
changes in sleep architecture. Roehrs et al. [20] observed that hyperalgesia was con-
nected with REM deprivation and cumulative sleep loss. This may be linked to the
high score on pain reported by the patient, who also had insufficient amount of sleep
in REM. Our PSG findings have revealed that the patient spent more time in the
superficial sleep. This also was evident in musculoskeletal pain patients [21]. We
could assume that an improvement in sleep architecture is accompanied by a
decrease in the intensity of CNP based on the findings of this case study. This was
also noted in a prior study that found better and more consistent sleep was related to
pain relief [22].
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Sleep continuity measures, which describe the distribution and amount of sleep
compared to wakefulness, including sleep initiation and maintenance [23], showed
significant changes. These changes encompass the proportions of wakefulness,
TST, SE, and SOL, and they were altered before the treatment. However, following
7 weeks of physiotherapy intervention, there was a decrease in SOL from 26 min-
utes before the treatment to 18 minutes after the treatment. TST showed an increase
from 402 minutes before the treatments to 415 minutes after the treatments. The
proportions of TST and SOL after the physiotherapy treatment, as determined by
reference data for Polysomnography (PSG), are considered to be normal [24].

Patients with CNP frequently have impaired physical and mental performance.
Exercises for the neck and MFR possess mental and physical effects that could
improve sleep by improving blood flow, strengthening the body’s core, and promot-
ing muscle relaxation while easing musculoskeletal pain [25, 26]. These results
suggest that clinical conditions like CNP and other musculoskeletal problems can
have a deleterious impact on sleep architecture, which may either cause or intensify
pain. The results of this case report further suggest that a decrease in the intensity of
CNP may have a favorable effect on the PSG-measured sleep architecture.

In conclusion, this chapter provides a detailed case study of a patient with chronic
neck pain with sleep disturbances and demonstrates an evidence-based approach to
managing this condition using physiotherapy. The discussion of the assessment and
treatment strategies used in this case provides valuable insights for clinicians and
researchers working in this field.

References

1. Ylinen J. Physical exercises and functional rehabilitation for the management of chronic neck
pain. Eur Medicophys. 2007;43(1):119.

2. Hoy D, March L, Woolf A, Blyth F, Brooks P, Smith E, Vos T, Barendregt J, Blore J, Murray C,
Burstein R. The global burden of neck pain: estimates from the global burden of disease 2010
study. Ann Rheum Dis. 2014;73(7):1309-15.

3. Van Looveren E, Bilterys T, Munneke W, Cagnie B, Ickmans K, Mairesse O, Malfliet A, De
Baets L, Nijs J, Goubert D, Danneels L. The association between sleep and chronic spinal
pain: a systematic review from the last decade. J Clin Med. 2021;10(17):3836.

4. Artner J, Cakir B, Spiekermann JA, Kurz S, Leucht F, Reichel H, Lattig F. Prevalence of sleep
deprivation in patients with chronic neck and back pain: a retrospective evaluation of 1016
patients. J Pain Res. 2012;28:1-6.

5. Mashaqi S, Gozal D. Normal sleep in humans. In: Pediatric sleep medicine: mechanisms and
comprehensive guide to clinical evaluation and management. Cham: Springer; 2021. p. 3-15.

6. Rundo JV, Downey R III. Polysomnography. Handb Clin Neurol. 2019;160:381-92.

7. Aldabbas MM, Tanwar T, Ghrouz A, Iram I, Warren Spence D, Pandi-Perumal SR, Veqar Z. A
polysomnographic study of sleep disruptions in individuals with chronic neck pain. J Sleep
Res. 2022;31(5):e13549.

8. Cheng CH, Su HT, Yen LW, Liu WY, Cheng HY. Long-term effects of therapeutic exercise on
nonspecific chronic neck pain: a literature review. J Phys Ther Sci. 2015;27(4):1271-6.

9. Miller J, Gross A, D’Sylva J, Burnie SJ, Goldsmith CH, Graham N, Haines T, Brgnfort
G, Hoving JL. Manual therapy and exercise for neck pain: a systematic review. Man Ther.
2010;15(4):334-54.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Treating Pain to Secondarily Treat Sleep-Related Issues 41

Rodriguez-Fuentes I, De Toro FJ, Rodriguez-Fuentes G, de Oliveira IM, Meijide-Failde R,
Fuentes-Boquete IM. Myofascial release therapy in the treatment of occupational mechanical
neck pain: a randomized parallel group study. Am J Phys Med Rehabil. 2016;95(7):507-15.
Albornoz-Cabello M, Pérez-Marmol JM, Barrios Quinta CJ, Mataran-Pefiarrocha GA, Castro-
Sanchez AM, de la Cruz Olivares B. Effect of adding interferential current stimulation to
exercise on outcomes in primary care patients with chronic neck pain: a randomized controlled
trial. Clin Rehabil. 2019;33(9):1458-67.

Akodu AK, Nwanne CA, Fapojuwo OA. Efficacy of neck stabilization and Pilates exercises
on pain, sleep disturbance and kinesiophobia in patients with non-specific chronic neck pain:
a randomized controlled trial. ] Bodyw Mov Ther. 2021;26:411-9.

Akodu AK, Akindutire OM. The effect of stabilization exercise on pain-related disability,
sleep disturbance, and psychological status of patients with non-specific chronic low back
pain. Kor J Pain. 2018;31(3):199-205.

Cabrera-Martos I, Rodriguez-Torres J, Lopez-Lopez L, Prados-Romén E, Granados-Santiago
M, Valenza MC. Effects of an active intervention based on myofascial release and neurody-
namics in patients with chronic neck pain: a randomized controlled trial. Physiother Theory
Pract. 2022;38(9):1145-52.

Zibiri RA, Akodu AK, Okafor UA. Effects of muscle energy technique and neck stabilization
exercises on pain, psychological status, and sleep disturbance in patients with non-specific
chronic neck pain. Mid E J Rehabil Health. 2019;6(2):e87192.

Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry Res.
1989;28(2):193-213.

Cleland JA, Childs JD, Whitman JM. Psychometric properties of the Neck Disability Index and
Numeric Pain Rating Scale in patients with mechanical neck pain. Arch Phys Med Rehabil.
2008;89(1):69-74.

Clarke S. Myofascial release. A step-by-step guide to more than sixty techniques. J Austr Trad
Med Soc. 2014;20(3):220-1.

Luchau T. Advanced myofascial techniques: volume 2: neck, head, spine and ribs. London:
Jessica Kingsley Publishers; 2016.

Roehrs T, Hyde M, Blaisdell B, Greenwald M, Roth T. Sleep loss and REM sleep loss are
hyperalgesic. Sleep. 2006;29(2):145-51.

Diaz-Piedra C, Catena A, Sanchez Al, Mir6 E, Martinez MP, Buela-Casal G. Sleep distur-
bances in fibromyalgia syndrome: the role of clinical and polysomnographic variables explain-
ing poor sleep quality in patients. Sleep Med. 2015;16(8):917-25.

Roehrs T, Roth T. Sleep and pain: interaction of two vital functions. Semin Neurol.
2005;25(1):106-16.

Hall M, Greeson J, Pantesco E. Sleep as a biobehavioral risk factor for cardiovascular disease.
New York, NY: Springer; 2018.

Hertenstein E, Gabryelska A, Spiegelhalder K, Nissen C, Johann AF, Umarova R, Riemann D,
Baglioni C, Feige B. Reference data for polysomnography-measured and subjective sleep in
healthy adults. J Clin Sleep Med. 2018;14(4):523-32.

Kaka B, Ogwumike OO. Effect of neck stabilization and dynamic exercises on pain, dis-
ability and fear avoidance beliefs in patients with non-specific neck pain. Physiotherapy.
2015;101:e704.

Castro-Sanchez AM, Mataran-Pefiarrocha GA, Granero-Molina J, Aguilera-Manrique G,
Quesada-Rubio JM, Moreno-Lorenzo C. Benefits of massage-myofascial release therapy on
pain, anxiety, quality of sleep, depression, and quality of life in patients with fibromyalgia.
Evid Based Complement Alternat Med. 2010;2011:561753.



®

Check for
updates

Chapter 4
Good Sleep Prevents Falls?

Yoshinobu Yoshimoto and Hiroya Honda

Introduction

Sleep disorders are associated with falls among community-dwelling older adults
with disabilities [1, 2]. Cognitive Behavioral Therapy for Insomnia (CBT-I) has
been reported to be the standard treatment of choice for insomnia [3]. It has also
been shown to be effective in improving sleep disorders in older adults [4]. We sug-
gested that since CBT-I could improve sleep disorders, it might have reduced the
risk of falls. The efficacy of CBT-I in preventing falls in older adults with disabili-
ties remains unclear. In this case report, we performed physical therapy in an adult
with disabilities requiring care, who showed a reduction in complaints of sleep,
pain, and number of falls after CBT-I, exercise, and pacing combined.

Patient Information

The patient was an 87-year-old woman, S.B.S. In February 2018, she fell while
walking at her home and was immediately transferred to a hospital, diagnosed with
the first lumbar vertebral fracture. The patient underwent conservative therapy for
treatment. Although the patient was treated at home, she had post-injury severe back
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pain and showed decreased mobility and physical activity. In March 2018, her post-
injury back pain did not abate. In addition, the patient experienced loss of appetite
and complaint of poor sleep. She was admitted to hospital and diagnosed with hypo-
natremia and anxiety neurosis. From the time of admission in March 2018, she
received physical therapy with the goal of returning home. She was discharged from
the hospital in October 2018 and underwent physical therapy at our facility to pre-
vent falls. The patient had a medical history of lumbar spinal canal stenosis and
cataracts.

Clinical Findings

The patient reported: “I am afraid I am going to fall when I walk inside my home.”
Walking at home required supervision by family members while using handrails,
furniture, and other supportive objects to prevent falls. The results of gait observa-
tion showed that the gait manifested trunk sway to the left and right-side stance in
the stance phase, with a short stride length and slow walking speed. The results of
the initial assessment are presented in Table 4.1.

Diagnostic Assessment

Sleep

She reported: “I can’t sleep at night because of the pain and the feeling of some-
thing rushing over me.” The total score of the Pittsburgh Sleep Quality Index
(PSQI) was 10 points (Table 4.1). The patient had a sleep disorder with a cutoff
value of 5.5 points. In the Japanese version of the PSQI, it has been reported that
a cutoff value of 5.5 points increases the sensitivity and specificity of primary
insomnia and other symptoms [15]. The analysis of the sleep quality (PSQI)
showed poor sleep efficiency and use of sleeping medication. Specifically, “sleep
efficiency” in the past month was 63.3%, with a sleep latency of approximately
30 min and supine sleep time from awakening to waking up for more than 1 h.
Although the patient left the bed several times in the middle of the night to urinate,
she went to bed immediately after lying down and had no difficulty falling asleep.
The patient used a benzodiazepine anti-anxiety drug (diazepam 2 mg, once a day
before bedtime). She further described her condition, “I cannot sleep without my
medicine.”
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Table 4.1 Results of the initial and final assessments
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Assessment item Initial assessment Final assessment
Age, years 87 88
Sex Female

Number of Drugs 8 8
Body Mass Index, kg/m? 222 22.4
Care Support Level® Care level 1 Care level 1
History of Falls (1 year) 1 0
Timed Up and Go test, s° 20.2 18.3
5 m Maximal Walking Speed, m/min® 0.68 0.81
Five Times Sit to Stand Test, s¢ 16.8 12.2
One-Leg Standing Time with Eyes, s° 5.1 2
Mini-Mental State Examination, score' 23 24
Mini Nutritional Assessment-SF, score 12 11
Geriatric Depression Scale 15, score" 2 3
Numerical Rating Scale, score' 5 3
Pain Catastrophizing Scale, score’ 43 40
Pittsburgh Sleep Quality Index, score® 10 6
C1; Sleep Quality, score 1 1
C2; Sleep Latency, score 1 0
C3; Sleep Duration, score 1 0
C4,; Sleep Efficiency, score 3 1
C5; Sleep Disturbance, score 1 0
C6; Use of Sleeping Medication, score 3 3
C7; Daytime Dysfunction, score 0 1
Sleep Efficiency, %' 63.3 76.2

* Levels of support and care required under Japan’s long-term care insurance system (7 levels:

Support 1-2, Care 1-5) [5]

® The time required to “turn around,” “walk to a chair,” and “sit down™ at the maximum speed (cut-

off point; >12.6 s) [6]

¢ Walking speed when walking 5 m (cut-off point; 1.0 m/s) [7]

4 The time required to stand up 5 times from a sitting position in a chair (cut-off point; >12 s) [8]
¢ Both hands were placed on the hips, and the time from the point when one leg is raised to the
point when the leg reaches the floor is measured (cut-off point; <12.7 s) [9]

fOverall score: from 0 to 30 points, with a score >24 indicate preserved cognitive function and <24
impaired cognitive function [10]

¢ Overall score: from 0 to 14 points, with a score >12 indicate good nutritional status, and <12
malnutrition or fear of malnutrition [11]

" Overall score: from 0 to 15 points, with a score <6 indicate non-depression symptoms, and >6
depression symptoms [12]

i Overall score: from 0 to 10 points, with a score <5 indicate non-pain or mild pain, and >5
moderate-to-severe pain [13]

I Qverall score: from 0 to 52 points, with a score <30 indicate low severity of catastrophic thinking,
and >30 high severity of catastrophic thinking [14]

¥ Overall score: from O to 21 points. Scores >5 indicate poor sleep, and <5 good sleep quality [15]
! The ratio between the amount of time spent asleep (in minutes) by the total amount of time in bed
(in minutes), a normal sleep efficiency is considered to be >85%
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Chronic Pain

The patient had a history of chronic pain associated with back pain that persisted for
more than 6 months since the first lumbar vertebral fracture. The Numerical Rating
Scale (NRS, 0-10), an assessment of chronic pain (Table 4.1), showed that the mean
intensity of lumbar pain within 24 h was 5 points, revealing moderate chronic pain.
The Pain Catastrophizing Scale (PCS) score was 43 points, with a cutoff value of 30
points, indicating catastrophic cognition related to pain.

Problems Related to the Risk of Fall

The problems associated with this case were summarized in Fig. 4.1. The factors
associated with an increased risk of falling were sleep disorder [1, 2] and decreased
physical function, including decreased standing balance [9], decreased gait ability
[16], and chronic pain [17].

Physiotherapeutic Intervention

Cognitive Behavioral Therapy for Insomnia

Sleep hygiene education (SHE) was provided. A booklet of SHE, originally devel-
oped based on the principles of stimulus-control [18] and sleep restriction [19]
therapies, was distributed to the patient and her family (Table 4.2). After introducing
the booklet, the physical therapist counseled the patient on a regular basis.
Considering counseling, the patient was asked to verbally describe her sleep situa-
tion and the physical therapist listened to the patient’s story. The physical therapist
encouraged reflections on the sleep situation and offered sleep advice, as needed.
The counseling sessions were conducted once every 2 weeks for 5—10 min each, for
a period of 1 year (approximately 24 sessions).

Decreased standing
balance

Decreased gait ability

Pain catastrophizing I_,| Sleep disorder

Chronic pain Increased risk of falls

Fig. 4.1 Physical therapy content for preventing falls. (Original figure)
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Table 4.2 Sleep hygiene education booklet content (excerpts)

Sleep hygiene education
recommendations Precautions

1. Reduce your time in bed The goal is not to reduce the actual hours of sleep, but to
reduce the amount of time spent awake in bed

2. Get up at the same time of day The later the wake-up time is, the lower the need for sleep
every day of the week, no matter the next night is. Therefore, always get up on time, even if
how poorly you slept the night you sleep well

before

3. Do not go to bed unless you are | Decide in advance on activities to do when you are not
sleepy sleepy (e.g., reading, doing crosswords, organizing photo
albums, folding laundry, etc.)

4. Do not stay in bed unless you are | If the patient is awake during the night and more than
asleep 30 min have elapsed, he/she should perform the activity or
other activity determined in 3. However, it is not
recommended to look at the clock to check if 30 min have
elapsed

SHE was provided to maintain and strengthen the patient’s circadian rhythm,
including constant wake-up time and outdoor walking training for gradual exposure
to sunlight [20, 21]. Although not limited to this case, the facility’s hours of opera-
tion are 9:30—16:30, and the facility’s staff provides transportation from the patient’s
home to the facility on a regular schedule. While using the facility, the patient’s
waking up time was 7:30-8:00 daily, and by using the facility 3 times a week, the
patient was able to keep her waking up time as consistent as possible. We also
encouraged the patient to wake up at the same time as much as possible, even on
days off the facility. During hours of facility use, in addition to rehabilitation, the
patient was encouraged to engage in activities such as craft work, recreation, and
interaction with other facility users. In addition, an environment was created in col-
laboration with nurses and care workers to promote daytime wakefulness. Outdoor
walking program included walking exercises for approximately 20-30 min under
supervision of a physical therapist, together with other users who were able to walk
outdoors on their own.

Exercise and Pacing

Exercise was performed to improve standing balance and walking ability. The exer-
cise consisted of circuit training and group work out, including balance and walking
exercises, with exercise intensity within the pain tolerance range. Exercise fre-
quency was 3 times a week using our facility for approximately 60 min each time
for 1 year (approximately 72 sessions). In addition, pacing was used for chronic
pain management, and daily physical activity was adjusted to be constant.
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Follow-Up and Outcomes

Changes, before and after interventions, are presented in Table 4.1. The patient did
not fall during the 1-year intervention period. The patient was able to walk indepen-
dently at home, and the trunk sway to the left or right-side stance that occurred
during hands-free walking decreased. After the intervention, the PSQI improved
from 10 to 6 points, indicating improved sleep quality. Sleep efficiency sub-item
improved from 3 to 1 point, changing from 63.3% to 76.2% sleep efficiency. The
patient’s sleep-inducing medication was unchanged, and after the intervention, she
expressed that “I did not intend to stop taking the sleeping medication because I
sleep well thanks to it.”

Discussion

This case-report describes the treatment course of a case in which CBT-I was per-
formed as one of the measures to prevent falls in an older adult with disability and
pain, and sleep efficiency improved during the year of intervention.

A previous prospective study examining the association between sleep efficiency
and falls in community-dwelling older adults with disabilities reported that
decreased sleep efficiency was associated with falls [1]. It has also been suggested
that older people with decreased sleep efficiency could experience increased wake-
fulness at night. This insomnia might induce falls associated with decreased day-
time arousal, falls due to increased physical activity at night, and falls associated
with side effects of sleep-inducing drugs. These mechanisms also suggest that
decreased sleep efficiency in older adults with disabilities would be associated with
an increased risk of falls, which is consistent with the present results, indicating that
an association between decreased sleep efficiency and the number of falls.

If decreased sleep efficiency is associated with falls, it might be natural to sug-
gest that CBT-I could reduce the risk of falls by improving sleep efficiency. Although
we could not find any previous studies examining the effect of CBT-I on preventing
falls in older adults, there are several previous studies examining whether CBT-I
was effective in improving sleep efficiency. The effect of CBT-I in older patients
with insomnia who received CBT-I, including SHE, sleep restriction, stimulus con-
trol, and cognitive therapy, 6 times a week for 50 min per session for 6 weeks
improved sleep efficiency [22]. Another study of older adults reported that the inter-
vention group, which used a modified, simplified approach to traditional CBT-I, 4
times a week for 45 min each time for 4 weeks, improved sleep efficiency compared
with the control group [23]. The CBT-I used in this case study comprised simplified
intervention contents compared with that in previous studies, with less frequent
implementation and time per session. However, our intervention might be unique in
that it was implemented over an extended period of 1 year. In older adults with dis-
abilities with reduced mental and physical function, this approach might be simpler
than that of the general CBT-1. Long-term implementation may lead to improved
sleep efficiency and reduced risks of falls.
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The possibility that approaches other than CBT-I reduced the number of falls
cannot be ruled out. In our case, balance and walking exercises may have improved
physical function and reduced the number of falls. In addition, a previous study that
evaluated fall-related factors in older adults with disabilities [2] reported that
chronic pain was associated with falls, either directly or indirectly, through the
mediating effect of sleep disorders. Furthermore, reduction in chronic pain through
exercise and pacing may have affected sleep efficiency and decreased the number of
falls in our patient. Recent reports have indicated that a combined approach of exer-
cise and CBT-I might improve sleep disorders [24].

First, it might be difficult for older adults with disabilities with reduced physical
and mental functions to self-manage their sleep. One of the goals of a typical CBT-I
was to improve patients’ ability to self-manage their sleep disorders to acquire and
maintain proper sleep habits. Accordingly, multiple approaches could be used,
including reflecting on one’s own sleep status using sleep diaries, learning and mod-
ifying proper sleep, and controlling stimuli that inhibit or promote sleep. However,
as in the present case, older adults with disabilities might have difficulties in con-
tinuously performing self-monitoring (visual and cognitive abnormalities), reflect-
ing on their own sleep habits and solving problems, and being encouraged to get out
of bed when waking up in the middle of the night (increased risk of falling). The fact
that patients themselves would not realize that sleep disorders might be linked to an
increased risk of falls was another factor that makes self-management difficult.
When CBT-I is administered to older adults with disabilities, it is necessary to
devise content that could be practiced by patients themselves versus content that
could be supervised continuously by the staff involved in support. Second, reducing
sleeping medication use (by physicians) might be difficult in older adults with dis-
abilities. However, this patient recognized that sleeping medications were essential
for comfortable sleep.

Patient Perspective

S.B.S. commented positively on using our facility and exercising: “I feel better
physically now that I am allowed to come to this facility and they do rehabilitation
for me.” However, there were no comments on sleep guidance. Additionally, the
patient did not seem aware that sleep guidance was being provided.
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Chapter 5
Sleep and Psyche: Life is a Versatile Game

Check for
updates

Cristina Staub

Introduction

Sleep problems and mental disorders are strongly related [1, 2]. It is not always
obvious which problem was present first. Often there are several factors that lead to
a loss of inner balance regarding sleep and psyche [3]. During the corona lockdown,
many people were unexpectedly exposed to such factors, so their resilience was not
optimal: Suddenly, many people had to remain isolated in their homes. They only
moved within a few square meters and were irritated by media reports [4—6]. Some
were unable to work at all during the lockdown and became lost in time and space.
Others worked on computers in home offices, but also no longer adhered to the
circadian rhythms of our chronobiology. The consequences were a decline in physi-
cal fitness, in social and cognitive skills, and often also in mental health. With holis-
tic treatments, good results can be achieved within a short time against the Corona
Lockdown Syndrome.

Patient Information

At the beginning of the lockdown, older people, in particular, turned up, suffering
from isolation and lack of exercise. Over time, however, more and more younger
people appeared who showed somatic, neuropsychological, and psychological
symptoms. Representative of these, the story of a 30-year-old woman is docu-
mented here.
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Before lockdown, the patient performed service tasks, exercised three times a
week, and met regularly with friends. She lived with colleagues in a comfortable
shared apartment. She led a normal life.

Because of the lockdown, everyone was at home most of the time: They had to
perform certain professional tasks at home, so they could not gain distance from
work. Also, because more free time was spent at home, they had less control over
contact with roommates. There was also a lack of specific activities to achieve inner
balance.

After a few weeks, the woman visited her family doctor because of inner restless-
ness and increasing discomfort in her neck and head. The doctor prescribed physical
therapy for her.

Clinical Findings

During the first consultation, it was immediately obvious that the patient fre-
quently ground her teeth and that the masseter muscle was very pronounced.
Palpation revealed trigger points in the masseter muscle but also in the temporalis
muscle and the pterygoid muscles bilaterally. Dental damage was not present: It is
possible that the bruxism symptoms had developed after lockdown onset. In addi-
tion, trigger points also existed in the levator scapulae, scalene, and sternocleido-
mastoid muscles bilaterally with overall increased muscle tone and superficial
respiration.

Timeline

Initially, two treatments were carried out weekly, followed by one weekly, and then
further treatments at longer intervals. A total of 17 appointments took place, which,
if possible, lasted longer than the usual 30 min. On the days without treatment, the
patient consciously performed activation and relaxation exercises.

Diagnostic Assessment

The affected patient suffered from significant pain (numerical rating scale, NRS: 7
out of 10 points) and intense grinding (NRS: 7 out of 10 points), fatigue (fatigue
severity scale, FSS: 4.7 out of 7 points; [7]), from impaired sleep quality (NRS: 5
out of 10 points). She rated her psychological well-being as 67 out of 10 points
(NRS). She could hardly relax (NRS: 4 out of 10 points).
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Physiotherapeutic Intervention

Already during the first treatment, the most important tips of cognitive behavioral
therapy against sleep disorders were taught: During psychoeducation, the patient
received the usual tips of sleep hygiene education. The patient already followed
most of the rules. At most, dimmed lights burned in the evening and at night, the
bedroom was cool and quiet, and the patient did not look at the clock at night.
However, she used the bedroom not only for sleeping: it was the only room she had
to herself, so she spent many hours working in it. Newly, she covered the work sur-
face with a cloth in the evening to shut down the working day.

However, although she also performed other sleep rituals and tried to maintain a
regular sleep-wake rhythm, she was unable to increase her ability to relax before
treatment began. She could not let go and kept biting her teeth hard.

This is where accessing the person through the body is helpful. The patient was
placed on the treatment couch in the most relaxing way possible. Breathing remained
superficial for the time being, however, and muscle tension was hardly reduced.

Manual stimulation often reduces sympathetic activity in such cases. The patient
was asked if she could tolerate a neck massage, but also a facial massage. During
the massage, the various trigger points were also treated.

For a massage to have a lasting effect, the patient must be mentally intentional
about it: The feeling of relaxation must be felt and stored so that it can be recalled
over and over again afterward and in the following days, as this leads to being stored
in the brain for the long term. The patient also consciously breathed out pent-up
tension.

Scents have a supporting effect. Olfactory stimuli can also influence emotions
during sleep. For example, anise, jasmine, vanilla, or cinnamon have a relaxing
effect on most people; patients must choose the scent individually.

However, if patients do start to brood at night, they can listen to an audio file that
will help them fall back asleep. Again, it is crucial that patients choose the file indi-
vidually: Would they rather listen to quiet music, a technical reading, a funny story,
or even jokes?

An exhausted body usually sleeps more deeply than one without enough chal-
lenges. Therefore, the patient was shown intensive strengthening exercises during
several treatments, which she repeated independently at home several times a week.
In addition, she should get some fresh air every day if possible.

To counteract the grinding, the patient let the air out slowly several times a day
with the pursed lips breathing, slightly inflating her cheeks. In the coachman’s seat,
this breathing is particularly relaxing.

In order to feel the body pleasantly again and again, the patient newly performed
stretches several times a day. Of course, with bruxism, the muscles of the neck and
shoulder girdle must also be stretched. Afterward, the upper body should be straight-
ened up again, preferably combined with stretches of the pectoralis muscle.
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Supplementary nutritional tips were given to the patient: In particular, plants and
herbs with relaxing effects (i.e., valerian, lemon balm, St. John’s wort, or chamo-
mile) should be consumed in the evening and rather some activating substances
(xanthines, ginkgo) in the morning.

Follow-Up and Outcomes

Muscle tone and breathing normalized. The pain score decreased to 3, the grinding
score to 4, and the FSS score to 2.3 points. The NRS regarding sleep quality
increased to 9 points and regarding psychological well-being to 8-9 points. She was
able to relax more deeply (9 points) and was satisfied with the treatment (NRS: 10
out of 10 points).

Discussion

Especially in the case of complex complaints, it is worthwhile to make the examina-
tion as holistically as possible and to comprehensively include daytime and night-
time behavior.

Unfortunately, sleep is often not taken into account in patients with pain and/or
psychological complaints. However, the simple screening questionnaire (Fig. 5.1)
could sometimes already provide clues to possible causes and for the further proce-
dure [3]: The questions on the left explore the problem, the questionnaires, which
are listed on the right in each case, provide information about the subjective severity
of the disease. In addition, the possible objective examinations regarding sleep dis-
orders are listed on the right.

To assess psychological problems, questionnaires such as the Beck Depression
Inventory (BDI-II) [8] or the Perceived Stress Questionnaire 20 (PSQ-20) [9] can be
used. However, like the sleep log or a pain or tinnitus diary, overly detailed ques-
tionnaires have the disadvantage that the patients deal with the problem too inten-
sively and too often, which can intensify the complaints.

According to Riemann et al. [10], cognitive behavioral therapy for insomnia
(CVT-I) is recommended for patients with insomnia. Sleep medications should be
taken for a maximum of 4 weeks.

To achieve more restful sleep and pain reduction as efficiently as possible, many
comprehensive treatments are given simultaneously.

Cognitive behavioral therapy information can and should be taught for sleep
problems. Additionally, the body should be involved. After all, the body and psyche
form a unit: Body and psyche are influenced by sleep regulation processes (a) and
depend on synaptic connections (b).
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Sleep Screening Questionnaire

YES

Do you suffer

from any sleep problems that affect your well-being

or from daytime sleepiness?
Questionnaires: Numeric Rating Scale (NRS) of sleep quality,
Epworth Sleepiness Scale (ESS), Fatigue Severity Scale (FSS)

NO

57

Anamnesis without sleep

A) Do you suffer from
- problems falling asleep

YES[

Suspected insomnia
Subjective: Regensburg Insomnia Scale (RIS);
Daytime behavior (time in bed, time asleep,
intellectual and physical activities, sleep rituals, nutrition, reflux)

Objective: Inspection (nose, Mallampati classification);
respiratory polygraphy or screening with pulse oximetry

legs syndrome

in your extremities
when you relax?

> - problems staying asleep
- early final awalfemng Objective: Actigraphy
- bad sleep quality?
Suspected obstructive sleep apnea
Subjective: Berlin Questionnaire
|| B) Do you snore or suffer YES
from breathing problems?
Suspected r
C) Do you suffer
from sensations YES

Subjective: International RLS Rating Scale
Objective: Blood analysis; polysomnography (by the physician)

Often several sleep disorders occur simultaneously.

D) Do you grind
your teeth during sleep?

Suspected sleep bruxism

Subjective: Observations by bedroom partner

Objective: Triggerpoints in chewing, head and neck muscles;
temporomandibular joint; dental damage (by the dentist)

Ll

ES|

E) A-D 'NO', but
no sound sleep

YES

Another sleep disorder

Subjective: Daytime behavior (time in bed, time asleep,
intellectual and physical activities, sleep rituals, nutrition, reflux);
Ullanlinna Narcolepsy Scale;
Munich Parasomnia Screening

Objective: Blood analysis; polysomnography (by the physician)

.y
=
o

5.1 Sleep screening questionnaire [3]. Original figure (All rights reserved Staub, 2020)
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Fig. 5.2 A multifactorial model for sleep regulation [3]. SP sleep pressure. Original figure (copy-

right S

taub, 2020)

(a) Sleep regulation processes: The most accepted scientific model of sleep regula-
tion [11] includes only a homeostatic and a circadian process, with the two
curves shifted in time and subtracted to obtain sleep pressure. However, there is
no physiological reason for the temporal shift and subtraction of the curves, and
homeostatic pressure is more complex. In the multifactorial model (Fig. 5.2),
many parameters are taken into account (e.g., the hormone leptin for digestion,
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amyloid P for cognition, adenosine and stress hormones for emotions, and
growth hormone for physical questions), all curves are left in the correct place
in the time axis, and all are added to a sleep pressure [3]. This model can be
used to explain the effects of an irregular and sedentary lifestyle on health:
Sleep pressure decreases, sleep regeneration processes no longer function effi-
ciently, and health progressively deteriorates.

By means of correctly dosed activation, targeted relaxation, balanced nutri-
tion, and optimization of environmental factors, sleep and health can be maxi-
mally promoted.

(b) Synaptic connections: By involving the body, thought cycles can be interrupted:
The strength of synaptic activity related to worry and sleep disturbance is
reduced; in return, more receptors are formed at other synapses, more neu-
rotransmitters are produced, and new synaptic connections are formed [3].
Thus, sleep-promoting processes in the brain can be activated. In addition, the
patient’s mood can be influenced by specific physical exercises.

Versatile treatment options are to be tried out in a playful manner until sleep,
mental and physical health are improved. The case study conveys that hope should
not be given up.

Patient Perspective

I was emotional, sad, and indignant because of the circumstances at that time. The
deep relaxation was totally missing, which I did not realize, because I did not know
that feeling. At first, the treatments were exhausting and unfamiliar because we
went into a new field. I was often tired and exhausted after the massage on my back,
neck, and jaw. The body was revitalized, so a process could start.

After some time I could quickly get into deep relaxation. Only the feeling of
relaxation was noticeable, with no thoughts and negative emotions more. There is a
big difference between being actively involved in relaxation and not. In this case, it
was something new and had a significant impact on my everyday life.

In many areas of life, physical and cognitive relaxation is crucial. This is some-
thing I had actually tried but not learned the years before. Deep relaxation has
helped me to a great advantage. I am totally grateful for that. It is not just about
performance, but actually much more about relaxation, and regeneration. My per-
formance is only as good as my recovery.

I believe that deep relaxation is the antidote to stress. I think the body can develop
a certain immunity to stress so that the highs and lows do not have to be so high
and low.
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and Unfavorable Sleep Habits
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Introduction

There is a close bidirectional relationship between insomnia and chronic pain, with
pain being able to impair the quantity and quality of sleep, while an altered sleep
pattern can initiate or worsen pain [1-3]. Therefore, it is imperative that the physio-
therapist understands the different approaches that can be used to evaluate and
improve the patient’s sleep so that together they can create the best treatment
plan [4, 5].

Patient Information

Patient C.L.L was a sedentary, 38-year-old, upper-middle class single male living in
Sao Paulo, with grade I obesity, and complaints of neck and lumbar pain, that inter-
fered with sleep, resulting in nonrestorative sleep and daytime sleepiness.

The patient reported having neck, lumbar, and gluteal pain during the day and
throughout the night for approximately 5 years, and that in the previous 3 years, the
pain was getting worse, causing him to frequently wake up during the night and
being unable to easily go back to sleep (sleep maintenance insomnia). He com-
plained of not being able to find a comfortable sleeping position. He worked from
home for approximately 12 h a day, sitting and rarely taking breaks, spending most
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of his time on the computer or cell phone. He reported that the pain increased in
intensity the longer he remained seated or when lying on his stomach and decreased
when he moved or lay on his side. The pain occurred daily, starting in the lumbar
region and gradually intensifying as the musculature stiffened, spreading to the cer-
vical and gluteal region.

The patient did not practice any regular physical exercise. Although he stated
that he liked to swim, he did not do this with any regularity. He reported having
some physical complaints since childhood. He was not using any medication regu-
larly, only sporadically for pain control. He is a moderate drinker and tried to main-
tain healthy eating habits. His aim was to sleep at least 8 h a day, but ideally would
like to be able to sleep for at least 10 h. He had no regular sleep and wake-up times
and said that he used his cell phone until bedtime, and even used it if he woke up in
the middle of the night.

From family history, both parents presented with long-term pain complaints,
with the father having severe pain in the neck region, and the mother having wrists,
shoulders, and ankles joints pain.

The patient reported having previously had acupuncture, massage, Rolfing, and
physiotherapy to treat pain, including lower back pain, but that it was unsuccessful.

Clinical Findings

A physical examination of the standing patient revealed that he presented an ante-
rior head position, increased tension and trigger points in the trapezius region, the
elevation of the shoulders, decreased lumbar lordosis, pelvic retroversion, signifi-
cant shortening of the hamstrings, slightly valgus knees, and slightly flat feet.

When sitting down, he did not support the pressure on ischial tubercles and kept
the spine flexed, maintaining himself in hyperkyphosis not to exacerbate pain. He
most used his cell phone close to the umbilical region, which constantly overloaded
the cervical region.

Timeline

The physiotherapeutic treatment timeline can be seen in Fig. 6.1.
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Beginning of the
physiotherapeutic
intervention: ergonomic
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impaired sleep Definition of goals Protocol of the goals setin

for: Sleep Hygiene maintenance 2021
Education +
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Fig. 6.1 Timeline depicting the episode of care

Diagnostic Assessment

In the first evaluation, in May 2020, the Epworth Sleepiness Scale (ESS [6],
Pittsburgh Sleep Quality Index (PSQI) [7], Insomnia Severity Index (ISI) [8], and
Morningness-Eveningness Questionnaire (MEQ) [9] questionnaires were applied.
Overall, the patient presented with excessive daytime sleepiness (ESS = 17), poor
sleep quality (PSQI = 11), clinically moderate insomnia (ISI = 17), and being an
extreme evening type (MEQ = 21).

Physiotherapeutic Intervention

Beginning of the physiotherapeutic intervention—May 2020: In the first ses-
sion, after a very detailed anamnesis, an ergonomic analysis of the patient’s
work environment was performed. We then talked about posture and automatic
daily movements, the importance of body awareness for postural control and
physical exercise to maintain an elongated, strong musculature capable of
absorbing the stresses throughout the day, and how those changes would affect
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his pain-sleep/insomnia issue. The height of the computer monitor was adjusted,
and support was improved for the forearms to avoid overloading the shoulders
and trapezius region. Finally, a small pillow was added to improve the chair’s
lumbar support.

Mobility work was then started, mainly aimed at the lumbar region and hips.
This involved passive stretching of the posterior chain and isometric strengthening
of the paravertebral, lumbar, gluteal, pelvic, and abdominal muscles. The main
focus was on teaching the patient to activate the musculature rather than strengthen-
ing it. This work was carried out every 15 days, lasting 90 min.

In the first session, the patient also received guidance on sleep in respect of its
functions, the consequences of sleep deprivation and insufficient sleep, chronotype,
and advice on sleep hygiene education (SHE) [1] that could help him to improve the
quality of his sleep. The main SHE guidelines were:

1. Maintain regular schedules of sleep and waking times, even during weekends;
2. Use the bed only for sleeping. Go to bed only when sleepy. Do not use it for
other activities such as working and eating;

Get some exposure to sunlight in the morning, as it promotes awakening;

Practice regular physical activity and avoid sedentary behavior;

5. Avoid drinking alcoholic beverages at least 4 h before bedtime. The consump-
tion of alcoholic beverages, in general, helps to induce sleep, but impairs sleep
quality;

6. Control caffeine intake throughout the day. Try to drink the last cup of any bev-
erage containing caffeine by 14 h;

7. Avoid napping during the day. If necessary, naps should be taken after lunch
and should not exceed 30 min;

8. Avoid using electronic devices close to bedtime. Melatonin, one of the hor-
mones that helps to induce sleep, is secreted in the absence of light. Try to avoid
such devices from 1 to 2 h before sleep;

9. Avoid eating large amounts of food very close to bedtime. The digestive system
has reduced function at night and fastening is important;

10. Build a pre-sleep routine to tell your brain you're getting ready for sleep.
Reduce activities, especially the most stressful ones, and do low-intensity activ-
ities such as reading, having a hot bath, relaxation, stretching, meditation, or
any other activity that signals your body that you intend to sleep.

Eall e

Sleep Ergonomics—July 2020: The patient reported a slight improvement in
symptoms throughout the day, but still complained about them during the nighttime
period, as he woke up in the prone position with low back and neck pain. During this
period, the patient’s room and postures adopted while sleeping were evaluated. He
reported that he always slept in the prone position and had great difficulty sleeping
in the lateral decubitus.

It was decided to change the mattress to a semi-orthopedic one. The pillow was
also changed, as the old one was too high, making cervical alignment difficult. He
was recommended to use a pillow between the knees to allow better hip-knee align-
ment and to prevent lumbar rotation.
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Increased frequency—August 2020: At this stage, sessions happened weekly.
The focus was on muscle strengthening exercises, and stretching became active or
assisted. The patient was given a set of exercises to be performed 2-3 times a week.

First Reassessment—November 2020: Pain had decreased, but daytime sleepi-
ness still interfered with the patient’s daily routine—(ESS = 13). One of the main
problems was difficulty in maintaining lateral decubitus throughout the night. Some
other possible positions were tried but without success. It was decided to try placing
a tennis ball in the sternal region of the patient’s pajamas to see if this could help,
and this produced a positive result with the patient finally being able to remain lon-
ger on his side as when he turned onto his sternum, the ball exerted some pressure
on the region causing him to return to his initial position.

At this time, follow-up goals were also set and the ergonomic and SHE recom-
mendations were reinforced, e.g.: stop using cell phone 15 to 30 min before going
to sleep, and not use it during the night; bedtime by 01:00 and wake-up time by
10:00; exposition to natural light when waking-up; use the tennis ball placed on the
sternum and a pillow between the knees.

Review of the protocol and increase in the frequency of sessions—January 2021 :
The patient was feeling much better in all aspects, but he decided to increase the
frequency of sessions to twice a week, as he felt much better on the days when he
performed the session. The patient presented better in all questionnaires: no more
excessive daytime sleepiness (ESS = 8), still poor sleep quality, but much better
than January (PSQI = 8), and clinically nonsignificant insomnia (ISI = 7).

In this phase, the patient performed the exercises 5 times a week—2 sessions
lasting 90 min being guided by the physiotherapist, and 3 sessions lasting approxi-
mately 20 to 30 min without assistance. We also adjusted SHE recommendations:
stop using cell phone 30 min before bed and do not use it during the night; bedtime
at 00:30, turning off the lights, perform stretching and breathing techniques in bed,
and wake-up time at 9:30 AM; exposition to natural light when waking up; maintain
the sleep ergonomics recommendations.

Second Reassessment—April 2021: There was a significant improvement in
respect of all of the patient’s initial complaints—sometimes with a whole week
going to bed without any complaints. He was sleeping better, without waking up
during the night, the daytime drowsiness had reduced a lot and he felt that he had
more energy throughout the day. The decision was to maintain the aforementioned
recommendations: exercises + follow-up in respect of SHE and ergonomic goals.

Third Reassessment—September 2021: The patient had no physical complaints
and reported good quantity of sleep (between 8.5 and 9 h per night) and quality.

By this stage, he had excellent body awareness and maintained good exercise
discipline throughout the week. We, therefore, decided to reduce the frequency of
assisted sessions to once a week, continue the follow-up, and prepare for discharge.
I suggested that he start practicing some other form of exercise and he opted for
swimming once a week.

Preparation for Discharge—QOctober 2021: The reduction in physical therapy
sessions and the start of swimming were going very well. It was decided to follow
up every 15 days and try to increase the frequency of physical exercise to twice a
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week: either 2 days of swimming or 1 day of swimming and 1 day of resistance
training and stretching.

Discharge—December 2021: By the discharge day, the patient felt confident
about performing the exercises and understood that the ergonomic recommenda-
tions related to work and activities throughout the day, including sleep, would be
forever and that the habits acquired through the SHE recommendations would need
to be maintained to ensure good quality sleep. The questionnaires showed that the
patient was better with good sleep quality (PSQI = 4), without insomnia (ISI = 0),
and without sleepiness (ESS = 5). We then decided to an online monitoring session,
with a reduction in frequency over the months.

Follow-up for 1 year—2022: Weekly in the first month, every 15 days in the
second and third months, and monthly until the end of the year. The purpose of this
follow-up was to understand how the patient was and to make him comfortable and
confident that he was being assisted whenever he needed it. In the online consulta-
tions, we revisited some points and adjusted when necessary.

Discussion

Recently, a guideline with recommendations was created [5], with the aim of high-
lighting the various methods and techniques that physiotherapists can use to assess
and treat their patients’ sleep. What is clearly known is that an altered sleep pattern
can influence health and, in cases of pain, can aggravate symptoms and delay the
rehabilitation process [2, 3].

In this case, we obtained positive results with the adoption of therapeutic exer-
cises, associated with improved ergonomics and SHE. Physical exercise has been
shown to have many benefits, including improving sleep quality [10-12].
Although there is no protocol on type, intensity and frequency of exercise, it is
clear that regular practice can improve sleep patterns [12]. In relation to ergo-
nomics, there is no ideal pillow or mattress, but the adoption of simple measures
and a focus on improving posture and sleep positions can generate both physical
and sleep-related benefits [13, 14]. Regarding the tennis ball, this has been com-
monly used in cases of obstructive sleep apnea to prevent patients from sleeping
on their backs [15]. The benefits of improved SHE through following sleep
hygiene guidelines have been widely recognized, especially when used with
other therapies [16].

Personalized treatment using a range of techniques and the careful follow-up of
the patients, which made them feel safe and cared for, were the two main pillars of
this treatment and were largely responsible for the positive outcomes. The method-
ology used in this case helped the patient to better understand sleep and pain prob-
lems, and the relation between them, as well as the various nonpharmacological
techniques and methods that can be used in the treatment. The information and
advice that they received during the treatment period gave the patient the indepen-
dence to stipulate their own goals and reach a successful conclusion.
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Patient Perspective

“I realized I needed help as I always had some kind of pain, and it got to the point
where I was in pain every day. My sleep started to be affected and sleep is some-
thing I’ve always enjoyed. This made me decide to seek help, although I started the
physiotherapy without a lot of confidence that it would improve my condition as I
had already tried other treatments and they had not helped me.

The most interesting thing was when the physiotherapist started talking about
sleep, at first, I thought there might be too much information about sleep but the
physiotherapist explained to me that sleep was important as it has a very important
relationship with pain, with one affecting the other. I had nothing to lose, so I
decided to give physiotherapy a try. To my surprise, I gained a lot - a life without
pain, without medication and a good quality of sleep. Before the treatment, I thought
that I slept well up until the pain episodes got really bad, but I can see that I was
wrong, as | can say now that I really know what it’s like to sleep well! I appreciate
the treatment and follow up that I received and being taught so many things - things
I think I can take on for life.”
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Chapter 7
Sleep Health Promotion in an Individual
with Multiple Sclerosis

Check for
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Catherine F. Siengsukon @®

Introduction

Sleep disturbances are common in individuals with multiple sclerosis (MS), occur-
ring in approximately 70% of individuals [1]. Sleep disturbances in individuals with
MS are caused by demyelination or degeneration of sleep/wake centers in the brain
[2] and/or by secondary factors such as fatigue, spasticity, bladder dysfunction,
mobility impairments, anxiety, depression, and pain [3]. Poor sleep quality has been
associated with increased fatigue, depression, and anxiety, and a reduction in physi-
cal function, psychological well-being, ability to perform self-care and activities of
daily lives, workability, and quality of life in people with MS [4, 5]. Therefore,
enhancing sleep health can improve multiple facets of life for individuals with MS.

Sleep medicine focuses on the identification and treatment of sleep disorders,
such as insomnia, sleep apnea, and restless legs syndrome. Sleep health is a newer
term that focuses on sleep as a health behavior along a continuum rather than simply
the absence of sleep disorders. Sleep health consists of six dimensions: sleep regu-
larity, satisfaction with sleep, daytime alertness, fiming of sleep within a 24-h
period, sleep efficiency, and sleep duration (acronym Ru-SATED [6, 7]). Targets to
enhance sleep health physiotherapists can glean from the main components of cog-
nitive behavioral therapy for insomnia (CBT-I) and brief behavioral therapy (BBT)
to enhance sleep health including entraining circadian rhythm, increasing sleep
drive, reducing arousal, and addressing “sleep hygiene education” (SHE) as needed.

The individual presented in this case is a combination of multiple individuals
with multiple sclerosis with poor sleep I have worked with over the years. The
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purpose is to illustrate how to conduct a case conceptualization around sleep health,
the application of a sleep decision tree, and apply sleep health promotion techniques
with an individual with MS.

Patient Information

S.K.L. is a 45-year-old female referred to outpatient physiotherapy following a mul-
tiple sclerosis exacerbation. She reports she lives alone in a single-story home. She
is experiencing an increase in lower extremity weakness, balance disturbance, and
fatigue. She rates her sleep as “fairly bad” and reports she sleeps for 5-8 h “depend-
ing on the night.” She states she wakes up feeling “groggy” most mornings. She
reports she has had difficulty falling back to sleep if she wakes up in the middle of
the night since she was diagnosed with MS about 5 years ago due to stress and being
anxious about the future, but she says her sleep has gotten worse since her recent
MS exacerbation due to the added stress and worry. She said she’ll sleep for 5-6 h
and then wakes up to use the bathroom and has difficulty getting back to sleep 3-4x/
week because she starts thinking about “things.” She typically lays in bed until her
alarm goes off at 6:30 am to get ready for work. She says she often dozes off while
watching TV and she thinks her tiredness is affecting her work productivity. She
does not think she snores and does not have an unpleasant urge to move her legs
while resting. She states: ““You are the first person [health care provider] to ask me
about my sleep since I was diagnosed with MS.”

Timeline

* Diagnosed with MS 5 years ago; when sleep disturbance started;
* Recent MS exacerbation; increase in sleep disturbance.

Diagnostic Assessment

No diagnostic testing (i.e., polysomnography, clinical interview) has been con-
ducted to assess for sleep disorders. The physiotherapist uses the sleep decision tree
created for physiotherapists [8] to guide their screening process. Based on S.K.L’s
report of sleeping some nights <7 h, waking up feeling “groggy,” and rating her
sleep quality as “fairly bad,” the physiotherapists moves down the left-hand side of
the decision tree (Fig. 7.1).

Based on the S.L.K.’s report that her sleep disturbances started 5 years ago when
she was diagnosed with MS and have increased due to the additional stress and
worry from her most recent exacerbation, you suspect her sleep issue is NOT due to
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1.1f7 or more hours/night, 2. If feels well rested, AND 3. If rates.
1. How many hours of sleep do you typically get? | sleep as fairly good or very good [ Low risk of sleep disorder.
2. Do you feel well rested when you wake up? ‘ Encourage continue sleep health promotion as appropriate.
3. How would you rate your overall sleep quality?

Would you say your overall sleep quality is very
good, fairly good, fairly bad, or very bad?

‘ May genetically have short sleep need. Encourage
1.1f 6o <7 hours/night, 2. If feels well rested, AND ‘ continue sleep health promotion as appropriate.
3. If rates sleep as fairly or very good

1.1 <7 hours/night OR

2.1f does NOT feel well rested

OR

3.1f rates sleep as fairly or very bad

4.Do you think your acute condition [or condition that led to
physical therapy] is impacting your sleep? If so, how?

Fig. 7.1 Step 1 of applying the decision tree. (Reprinted with permission from Catherine
Siengsukon)

4.0 you think your acute condition [or condition that led to Treat acute condition(s) and monitor sleep Encourage sleep health promotion
—_—
physical therapy] is impacting your sleep? If so, how? issues to see if improve. Employ sleep health Sleep issue resolves as appropriate.
4.1 “Yes” AND acute promotion techniques as appropriate. e aete comdition
4.%No" OR “Yes” but appears condition appears to be resolves
sleeps issues started BEFORE acute causing sleep issues

Sleep issue does NOT resolve as

condition OR does not appear acute condition resolves

condition s contributing to sleep
issues

Assessing risk of Insomnia, sleep apnea, RLS (ask all questions):
5.00 you have difficulty falling asleep, difficulty returning to sleep if you
wake up in the middle of the night, or difficulty with waking up too early
atleast 3 nights/week for the past 3 months?

6. Does your loss of sleep at night interfere with your daily functioning?
7. Do you snore loudly or frequently or has anyone observed you stop
breathing while you sleep?

8. When you try to relax n the evening or sleep at night, do you ever
have unpleasant, restless feelings in your legs that can be relieved by
walking or movement?

Fig. 7.2 Step 2 of applying the decision tree. (Reprinted with permission from Catherine
Siengsukon)

Assessing risk of Insomnia, sleep apnea, RLS (ask all questions):
5.Do you have difficulty falling asleep, difficulty returning to sleep if you
wake up in the middle of the night, or difficulty with waking up too early
at least 3 nights/week for the past 3 months?

6. Does your loss of sleep at night interfere with your daily functioning? 1f 5. AND 6. “Yes”
7. Do you snore loudly or frequently or has anyone observed you stop :I Administer Insomnia Severity Inde>{
breathing while you sleep?
8. When you try to relax in the evening or sleep at night, do you ever
have unpleasant, restless feelings in your legs that can be relieved by
walking or movement? If 5 “Yes” OR 6 “Yes” OR
7.“Yes”
- Administer STOP-BANG to screen
If 58 “No” 18.“Yes for sleep apnea
A
Employ sleep health promotion Indication of Restless Leg Syndrome. Consider if
techniques. Monitor sleep quality. If condition may be contributing to possible “Yes”
sleep quality does not improve OR if answer {e. spasticity, neuropathy). Referral to
sleep quality worsens, refer to physician to determine if RLS or if treatment for
physician for further assessment. comorbid symptoms disrupting sleep may be
warranted. Employ sleep health promotion
techniques as appropriate.

Fig.7.3 Step 3 of applying decision tree. (Reprinted with permission from Catherine Siengsukon)

solely to her recent MS exacerbation, so the physiotherapists again move down the
left-hand side of the decision tree to assess for risk of insomnia, sleep apnea, and
restless legs syndrome, (Fig. 7.2) which are the three most common sleep disorders
in adults as well as in adults with MS [9, 10].

Based on S.K.L’s report that she has difficulty getting back to sleep 3-4x/week
after using the bathroom, says she often falls asleep while watching TV and her
tiredness is affecting her work productivity, she does not snore, and she does not
have an unpleasant urge to move her legs while resting (Fig. 7.3), the
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Assessing risk of Insomnia, sleep apnea, RLS (ask all questions):
5.00 you have difficulty falling asleep, dificulty returning to sleep if you Refer to physician for further assessment as appropriate. Employ
wake up in the middle of the night, or difficuy with waking up too early 10 sleep health promotion techniques as appropriate. Provide sleep
atleast 3 nights/week for the past 3 months? = promotion education (emphasize stimulus control)
6. Does your loss of sleep at night interfere with your daily functioning? If 5. AND 6. “Yes”
7..D0 you snore loudly or requently or has anyone observed you stop Administer Insomnia Severity Index|
breathing while you sleep? \ Employ sieep health promotion techniques as appropriate. Provide
5. When you try 1o relax in the evening or sieep at night, do you ever <10 sleep promotion education (emphasize stimulus control). Monitor
have unpleasant, restess feelings in your legs that can be relleved by insomnia severity. I worsens, refer to physician.
walking or movement? 115 “Yes” OR 6 “Yes’ OR
7."Yes”

Refer to physician for
further assessment.
Employ sleep health
25 “yes’ OR promotion techniques
2 “yes” on STOP + BMI >35 kg/m2 OR >40cm(16 in) neck | as appropriate.
circumference OR male

Administer STOP-BANG to screen
for sleep apnea

02"yes’

Employ sleep health promotion techniques.
as appropriate.

Fig. 7.4 Step 4 of applying decision tree. (Reprinted with permission from Catherine Siengsukon)

Fig. 7.5 Components of
sleep health. Sleep hygiene
education is encircled in
etched line to indicate it is
generally not the focus of
sleep health promotion
strategies. (Reprinted with £
permission from
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physiotherapist decides to assess for risk of insomnia using the Insomnia Severity
Index [11] and obstructive sleep apnea using the STOP-BANG questionnaire [12].

S.K.L scored a 16 on the ISI and answered “yes” to “Do you often feel tired,
fatigued, or sleepy during daytime?” and “Do you have or are you being treated for
high blood pressure?” Based on the scores on the IST and STOP-BANG (Fig. 7.4),
the physiotherapist decides to refer S.K.L to a psychologist who specializes in treat-
ing insomnia using CBT-I (if referral is possible) or a physician for further assess-
ment due to the possible risk of chronic insomnia. The physiotherapist also employs
sleep health promotion techniques tailored to the individual.

Physiotherapeutic Intervention

Sleep health promotion techniques that are based on principles of CBT-I and BBT
are tailored to the individual. Specially, the sleep health promotion recommendation
is based on techniques to entrain circadian rhythm, increase sleep drive, and reduce
pre-sleep arousal, as well as general “SHE” recommendations (Fig. 7.5). The SHE
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recommendations are encircled using an etched line because SHE is generally not
sufficient to treat insomnia [13] and is often the control condition in randomized
clinical trials. Therefore, SHE is not the focus of sleep health promotion, although
studies are needed to determine what interventions are most efficacious to enhance
sleep health rather than treat a sleep disorder such as insomnia.

In order to determine which component(s) to emphasize and which sleep health
strategies to employ, a more in-depth case conceptualization is needed. Questions to
initiate case conceptualization include: (1) On a scale from O to 10 with 0 being not
important at all and 10 being very important, how important is it to you to improve
your sleep? and (2) On a scale from 0 to 10 with 0 being not motivated at all to 10
being very motivated, how motivated are you to improve your sleep? The answers
to these questions allow the physiotherapist to consider the individual’s readiness to
change and coaching strategies to employ to foster behavior change.

To assess if the entraining circadian rthythm is a component warranting emphasis,
asking the individual to describe their typical sleep schedule is helpful to determine
their typical bedtime and wake time (weekday and weekend if potentially different)
to gauge how regular (indicating a well-entrained circadian rhythm so likely not an
area of need of emphasis) or variability (indicating circadian rhythm entrainment
may need to be emphasized).

To assess the opportunity to increase sleep drive and potential strategies to
employ to increase sleep drive, the physiotherapist can ask if the individual takes
naps, and if so, for how long and how often. Two other questions to use include ask-
ing if they spend time in bed not sleeping (and if so, what they are doing) and what
they do for regular exercise. It is also helpful to ask a question such as “Tell me
about the schedule of your typical day” because while we often sleep during night-
time, what we do during the day can impact our sleep.

To assess opportunities to reduce pre-sleep arousal, the physiotherapist can ask
the individual to describe their typical bedtime routine, what they do for relaxation
(gauging type, regularity, amount, timing, and if occurs as part of the bedtime rou-
tine or, throughout the day as needed), and for this case in particular, what she thinks
is contributing to her difficulty falling back to sleep after she gets up to use the
restroom. She reported that she thinks about “things” but strategies that are recom-
mended will likely differ depending on what is contributing to her difficulty falling
back to sleep. For example, if she is thinking about her to-do list for the upcoming
day, suggesting she has a set “planning time” to plan the following day and write a
“to-do list” can be helpful; if she is ruminating about past life events, suggesting she
works with a therapist or counselor to manage ruminations can be helpful. Also,
reducing sympathetic nervous system activity by using relaxation training (i.e.,
deep breathing, progressive muscle relaxation, and meditation) can reduce somatic
and cognitive arousal and promote sleep [14, 15].

The term “sleep hygiene” generally refers to behaviors and environmental fac-
tors that impact sleep, such as caffeine and alcohol consumption, nicotine use, as
well as the bedroom/household environment. Environmental factors include sleep-
ing alone vs. sharing the bed with a partner or co-sleeping with a child, amount of
ambient light, noise, temperature, and perceived comfort of the sleeping
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environment. Ask the individual to describe their sleep environment (i.e., location,
set-up, bed partner, comfort level, restful, and safety) to gauge the environment. Ask
the individual if they use caffeine, alcohol, and tobacco products, and if so, how
often and how much. Also, ask the individual to describe their water/fluid consump-
tion and the time of day they consume fluids.

The answers given to the above questions and appropriate follow-up questions
will allow the therapist to adequately and appropriately determine factors that are
likely disrupting as well as promoting sleep health. Furthermore, the answers will
provide information regarding areas to focus and tailor sleep health promotion
techniques.

For this particular case, the primary sleep issue for S.K.L. appears to be that she
has difficulty falling back to sleep after waking up to use the bathroom. The focus
of sleep health promotion for S.K.L. should be (Fig. 7.6): (1) stimulus control (while
being mindful of fall risk and mobility limitations; part of increasing sleep drive),
and (2) stress/worry management (part of reducing pre-sleep arousal). The general
recommendation for stimulus control is to get out of bed if unable to fall asleep in
what feels like 15-20 min, go somewhere else, and do a mildly pleasant, minimally
stimulating, distracting activity (i.e., listen to an audiobook or music) until ade-
quately sleepy [16, 17]. Ideally, light is kept to a minimum except for what is needed
to navigate safely to reduce the impact on the circadian system. However,

o Regular sleep schedule (emphasize regular wake time; +1 hr)

o Light exposure (keep environment dark/lights low until desired
wake time; bright light after desired wake time and during day

Entrain
Circadian Rhythm N
------- o Stimulus control (bed = sleep)

Reduce fall risk

Modify if concern re fall risks and mobility
limitations

4

[ ) Sleep Health Increase
! Promotion Sleep Drive
[
1

o Exercise/physical activity

o Consider scheduled naps (educate on may need to
delay bedtime)

~~~~~

o Reduce stimulation with getting up to use bathroom
(maintain safety)

o Nocturia (waking 1x/night to use bathroom . .
is not uncommon) . Address_ bed mobility, transferring in/out of bed,

ambulation

Discuss liquid intake . . i

o Difficulty falling asleep/falling back to sleep

Refer to urologist, pelvic health PT

Relaxation techniques
Mindfulness

Journaling

Willing to consider psychologist/counseling?

Fig. 7.6 Sleep health promotion strategies. Areas to emphasize are noted in grey italic. (Reprinted
with permission from Siengsukon C. Physical Therapists’ Role in Addressing Acute Insomnia:
Could We Prevent Chronic Insomnia-and Chronic Pain? Phys Ther. 2022 Mar 1;102(3):pzab285.
doi: 10.1093/ptj/pzab285. PMID: 34939102)
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depending on S.K.L.’s mobility limitations and fall risk, stimulus control may need
to be modified so the relaxing, distracting activity is performed in bed for safety
purposes. The strategies to address stress/worry will largely depend on the factor(s)
that S.K.L thinks is contributing to her stress and worry as discussed previously.

Other opportunities to enhance sleep health are to emphasize exercise to enhance
sleep drive and, if a scheduled nap is needed to address fatigue due to MS exacerba-
tion, provide education to S.K.L. that she may need to delay her bedtime until she is
adequately sleepy (this supports the concept of stimulus control so the brain learns
to associate the bed with sleep). Other opportunities include addressing bed mobil-
ity, transferring in/out of bed, and ambulation to reduce stimulation with getting up
to use the bathroom and to maintain safety. Because S.K.L. is waking up earlier than
her preferred/typical wake time, a recommendation would be to keep the environ-
ment dark (or lights as low as needed for safety) until the preferred/typical wake
time and then be exposed to bright light at the desired wake time (or upon awaken-
ing when she does wake up at the preferred/typical wake time) for 10-20 min to aid
in entraining her circadian rhythm. Also, address SHE factors that may interfere
with sleep health (i.e., alcohol, nicotine, and caffeine use) that emerged during the
case conceptualization process. It is not unusual for an individual to need to use the
bathroom during the night; however, a conversation regarding her liquid intake tim-
ing and amount might be warranted. Also, a referral to a pelvic health physiothera-
pist and/or urologist to discuss possible neurogenic bladder may be warranted.
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Introduction

Insomnia may occur as a result of increased sleep latency (insomnia onset) or sleep
fragmentation (maintenance insomnia), or early morning awakening (terminal
insomnia), or any of the combinations. The diagnosis of insomnia is clinical (no
polysomnography exam is necessary), and consists of sleep history (i.e., sleep hab-
its, sleep environment, work schedules, and circadian factors). Insomnia is often
accompanied by pain [1], having a bidirectional relationship. In this cycle, insomnia
increases pain sensitivity and pain contributes to the occurrence of sleep fragmenta-
tion and disorders such as insomnia [2]. Insomnia and pain are both symptoms of
climacteric (i.e., symptoms that may accompany the physiological decline of ovar-
ian function) and during the postmenopausal stage (i.e., the stage after the cessation
of menses, indicating the end of the reproductive life) are known with perceived
worse sleep by women [3]. These “forced” climacteric symptoms may be even
worse when surgical menopause occurs (estrogen and androgen levels are signifi-
cantly and speedily reduced), as the physiologic changes of menopause occur
quickly.

Global Posture Reeducation (GPR) rehabilitation is based on an integrated idea
of the muscular system as formed by muscle chains, which can face shortening
resulting from constitutional, behavioral, and psychological factors [4]. The ratio-
nale of GPR is to stretch the shortened muscles using the property of viscoelastic
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tissue and to enhance the contraction of the antagonist’s muscles, thus avoiding
postural asymmetry and compensations [5]. As an isometric exercise, done indi-
vidually by a physiotherapist specialized in GPR, the rationale of this clinical case
was that GPR could decrease pain and insomnia, therefore, decreasing the post-
menopausal symptoms.

Patient Information

S.R.A., a43-year-old married woman with no children, sought treatment for insom-
nia prescribed by her gynecologist. At the age of 39, she underwent an oophorec-
tomy, salpingectomy, and hysterectomy due to endometriosis—and all the symptoms
started! The patient was at the early surgical postmenopausal stage, facing climac-
teric symptoms (i.e., insomnia, vasomotor symptoms (hot flashes) vaginal dryness,
mood changes, and musculoskeletal pain). She was not in hormonal therapy. She
was a schoolteacher but unable to work for the last 4 years because of generalized
myalgia. She reported being unable to have a life because of constant pain, includ-
ing difficulty walking, being sedentary, with a dislike for exercise.

Clinical Findings

Her medical history consisted of dyslipidemia, hypertension, and previous endome-
triosis. She was in the use of anti-inflammatory, cimicifuga racemose, a phytother-
apy drug used in the treatment of climacteric symptoms, and antidepressants.

At her first visit, S.R.A. presented with the climacteric syndrome as she com-
plained of insomnia, paresthesia in both arms, nervousness, melancholia, headache,
vasomotor symptoms (hot flashes and sweating), arthralgia and myalgia, and
reported maximum pain intensity (Table 8.1). The pain was generalized, but mainly
in the knee and in the lower back. She complained about her sleep, having poor
quality of sleep and never refreshing when waking up, reported sleep latency of 3 h,
night sweats and nocturia (average of 5 times per night) that disrupted her sleep. She
reported that each time she woke up at night she needed about 1 h to get back to
sleep. Her sleep routine was: going to bed at 1:30 and waking up at 9 h. She also
complained of daytime somnolence and memory impairments. She denied sleep
medications and snoring.
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Table 8.1 Before and after
GPR intervention
measurements

Before After
Pain intensity (painVas) 10 1
Insomnia severity (ISI) 28 6
Sleep quality (PSQI) 12 4
Menopausal symptoms (BKI) |29 9
Vasomotor (hot flashes, sweat) | Severe Mild
Paresthesia Severe None
Insomnia Severe Mild
Nervousness Severe None
Melancholia Moderate | None
Dizziness/vertigo None None
Arthralgia/myalgia Moderate | Mild
Weakness/fatigue None None
Headaches Mild Mild
Palpitation None None
Formication None Mild

PainVAS pain visual analog scale ranges from 0 “no
pain” to 10 “worst pain imaginable” [6], IS] insomnia
severity index evaluates the nature, severity, and
impact of insomnia, scores range from 0 to 28, 0-7:
absence of insomnia; 8—14: subthreshold insomnia;
15-21: moderate insomnia; and 22-28: severe insom-
nia [7], PSQI pittsburgh sleep quality index assesses
sleep quality and disturbances over 1 month, and a
PSQI <5 indicates good sleep quality, while >5 is
associated with poor sleep quality, and > 10 indicates
sleep disturbances [8], BKI Blatt-Kupperman Index
includes 11 symptoms and quantifies climacteric
symptoms, rating from O (none) to 3 (severe), and the
final score ranges from <19: mild, 20-35: moderate,
and > 35: severe [9]

Regarding posture, she had pelvic anteversion, lumbar hyperlordosis, thoracic
hyperkyphosis, protracted and inwardly rotated shoulders, knees valgus, and right
cavus foot, resulting in postural dysfunction.
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Diagnostic Assessment

Her medical diagnoses were climacteric syndrome and insomnia disorder, specifi-
cally the onset and maintenance of insomnia.

The following measures were performed pre- and post-intervention: (1) pain
intensity was measured by Visual Analogue Scale (painVAS from 0 to 10) [6]; (2)
insomnia severity was assessed by the Insomnia Severity Index (ISI) [7]; (3) sleep
quality was assessed by the Pittsburgh Sleep Quality Index (PSQI) [8]; (4) meno-
pausal symptoms were assessed by the Blatt-Kupperman Index (BKI) [9].

Physiotherapeutic Intervention

The patient attended 16 sessions of GPR, weekly, approximately 60 min each, indi-
vidualized. GPR sessions were focused on stimulating awareness of the body image,
balancing muscle function, stabilizing the spine, and correcting posture alterations.
At the beginning of each session, 5 min of Pompage maneuvers were performed in
association with breathing exercises, while the patient lays down on her back with
all limbs relaxed, to stretch the fasciae that connect the shoulder and cervical spine
muscles. As the patient had anterior and posterior impairments, two postures were
used, one posture at each session, for about 30 min:

1. to stretch the anterior muscle chain (i.e., diaphragm, pectoralis minor, scalene,
sternocleidomastoid, intercostalis, iliopsoas, arm, forearm, and hand flexors),
the patient lays in the supine position with flexed, abducted and laterally rotated
hips, soles of the feet touching each other, the upper limbs abducted at 30°, the
forearms supine and retroversion of the pelvis (lumbar spine stayed stabilized),
the lower limbs were extended as much as possible while sustaining the tibiotar-
sal angle at 90° (Fig. 8.1).

Fig. 8.1 Anterior muscle chain stretching in supine. The arrow indicates the progression of the
posture: leg extension progression
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Fig. 8.2 Posterior muscle chain stretching in supine. The arrow indicates the progression of the
posture: leg flexion progression

2. to stretch the posterior muscle chain (i.e., upper trapezius, levator scapulae, sub-
occipital, erector spine, gluteus maximus, ischiotibial, triceps surae, and foot
intrinsic muscles), the patient lays in the supine position with the occipital, lum-
bar, and sacral spine stabilized, with the lower limbs at 90° hip flexion, and
performed gradual knee extensions as far as she could (Fig. 8.2).

The PT used verbal commands and manual contact to maintain the alignment
and make the necessary postural corrections, to optimize the stretching and avoid
compensatory movements. After the GPR posture, techniques integrating static and
dynamic functions were engaged for about 10 min to allow the patient to experience
and use the recovered flexibility in her functional activities (e.g., walking, bending
forward, dressing, or reaching items at the bottom).

Follow-Up and Outcomes

After the 4-month treatment, the patient improved her body posture, especially the
position of the shoulders, neck, and head, as well as her cavus foot. She reported a
decrease in pain intensity (Table 8.1). Her sleep issues were better, she had no lon-
ger an insomnia diagnosis as reported by her gynecologist, and presented with no
clinically significant insomnia on ISI. Her sleep quality also ameliorated, as she
reported having good sleep quality, getting to bed at 23 h, having about 20 min of
sleep onset, and waking up at 9 h. Her sleep perception was 8 h. Her climacteric
symptoms improved from severe to mild symptoms, mainly due to sleep and pain
issues being resolved.
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Unexpectedly, we noticed an improvement in weaning medication for pain (e.g.,
anti-inflammatories), vasomotor symptoms (e.g., cimicifuga racemose), and antide-
pressants, with the constant monitoring of her physician. To maintain her well-
being, she started a physical activity routine of walking 5 times a week for
about 30 min.

Discussion

In the present study, GPR led to a reduction in pain, improved self-rated sleep qual-
ity, and insomnia diagnosis and perception, therefore improving the climacteric
symptoms, and unpredictably, the medication dependence. Somehow, GPR dissoci-
ated the sleep-pain interaction.

There is plenty of evidence in the literature that postmenopausal women com-
plain of diffuse musculoskeletal pain, combined with poor sleep quality and/or
quantity, fatigue, and anxiety [10—12]. This combination of symptoms can be simi-
lar to fibromyalgia and has been questioned by some authors as part of the climac-
teric symptoms [13]. Sleep plays an important role in pain management. Clinical
and epidemiological studies demonstrated that individuals with chronic pain have a
variety of sleep disorders, including insomnia [14, 15].

GPR induced a hypoalgesic effect, in line with other investigations [4, 5, 16, 17].
Our PT sessions aimed to “normalize” the tone in the muscular chains, providing a
neuro-muscular re-education that involved stretching and acting upon the electrical
activity of the muscles. The used stretched positions evolved gradually from an initial
position with minimum tension to progressive stretching (isometric exercise) until the
final tension is reached at the end of the posture. S.R.A. experienced changes in vis-
coelastic properties of musculotendinous structures, as neural modifications charac-
terized by muscle spindle influence, Golgi tendon organ, and joint receptors [18, 19].

Therefore, postural modifications might not be attributed only to the plasticity of
the tissues involved. There might have happened psychomotor and proprioceptive
reprogramming, which modified her corporal scheme [20]. The proprioceptive
stimuli of this technique produce an overload of the muscles that may have reduced
pain. Stretching can promote an amplified joint range of motion due to decreased
passive resistance to stretching (e.g., decrease in muscle stiffness or increase in
muscle compliance), especially when the duration of stretching is longer, contribut-
ing to pain decrease [21].

Despite the few gains in posture, we noticed that the patient weaned from medi-
cation to pain and depressive symptoms. The postmenopausal symptoms might
have ameliorated because of improvement in pain and insomnia. The medication
could have interfered with sleep and contributed to insomnia and poor sleep qual-
ity. However, with the PT sessions, the patient herself indicated that she had “for-
gotten” to take the medication, and her gynecologist prescribed the gradual washout
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of the medication. Therefore, the literature does not present until now any studies
that had the same repercussion regarding medications when treated with GPR.

Initial findings are encouraging but warrant further investigation, especially

regarding mechanisms of action and long-term follow-up. GPR seems to be a great
nonpharmacological treatment for disentangling the sleep-pain relationship.
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Chapter 9
Fatigue and Sleep Disturbances in a Man
with Parkinson’s Disease

Mayis Aldughmi ®

Introduction

Parkinson’s disease (PD) is a neurodegenerative disease characterized by motor
symptoms such as tremors, rigidity, and bradykinesia [1]. Non-motor symptoms
such as cognitive dysfunction, fatigue, and sleep disturbances are also common in
the PD population that often precedes motor impairments [2, 3]. Sleep disturbances
are one of the most common non-motor symptoms in PD with a prevalence that can
exceed 80% even at early stages of the disease [4, 5]. REM sleep behavior disorder
(RBD), insomnia, restless leg syndrome (RLS), sleep fragmentation, sleep apnea,
and excessive daytime sleepiness can all negatively affect the quality-of-life of these
individuals [5]. Specifically, sleep fragmentation is common in PD, which is defined
as disruption of nocturnal sleep presented as an increased number and lengthy
arousals during the sleep-wake cycle [6]. Factors that may influence sleep fragmen-
tation in PD are diverse such as muscle cramps, nocturia, insomnia, sleep apnea, and
limb movement sleep disorders [7, 8]. Unfortunately, sleep fragmentation in PD can
lead to abnormal changes in sleep parameters such as increase in wake after sleep
onset, leading to fatigue and excessive sleepiness in daytime [9]. Evidence suggests
that nonpharmacological treatments such as exercise therapy can have positive
effects on various sleep disturbances in people with PD [10]. In this clinical case,
we discuss the physical therapy (PT) assessment and management of poor sleep in
a 62-year-old male with PD.
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Patient Information

A 62-year-old man, EM.C. with a 9-year history of idiopathic PD (stage 2.5 on the
Modified Hoehn and Yahr Scale) presented to the PT clinic after referral from a
neurologist for further assessment and to maintain his functional status. The patient
is a retired businessman who lives with his wife in a one-story house. He currently
takes a low dose of Levodopa and is compliant with his medication and sometimes
takes a painkiller for uncomfortable cramping in his legs and feet. He is a non-
smoker and drinks one glass of wine in the evening. He enjoys gardening but
reported feeling unsteady lately which caused less frequent activities in his home
garden. The patient also reported feelings of exhaustion during the day and reported
that for almost 1 year, he takes long naps (~ 1.5 h) specially in the afternoon. He also
reported having difficulty falling asleep and staying asleep during the night, with
frequent arousals from sleep. Regarding the current functional status of the patient,
he has no problems in bed mobility, or bathing/toileting, he ambulates indepen-
dently without any assistive device, only drives if necessary, and reported less con-
fidence in walking outside the house specially in his home garden. Patient does not
perform any form of regular exercise.

Clinical Findings

The PT conducted a thorough physical assessment of the patient and identified the
following: The patient posture was mildly stooped with a forward head position, his
gait was slow (mild bradykinesia), active range of motion (AROM) and passive
range of motion (PROM) of upper extremity revealed limited shoulder flexion and
abduction (left > right), AROM and PROM of lower extremity revealed limited
dorsiflexion bilaterally (left > right) with mild cogwheel rigidity, trunk rotation was
also limited bilaterally. There was apparent weakness in antigravity muscles in the
neck, hip, and back extensors, as well as hip flexors. Other neurological tests includ-
ing sensation, reflexes, and tone were normal.

Balance was assessed using the Berg Balance Scale (BBS): 42/56 (standing
items had the least scores), standard Timed-Up-Go (TUG) test score was 13.5 s.

Diagnostic Assessment

Upon further investigation by the PT, the patient reported that his neurologist
referred him to a sleep specialist a month ago where he undertook a polysomnogra-
phy (PSG) test. The PT requested to have a look at his sleep report, which confirmed
sleep fragmentation indicated by low sleep efficiency (63%), high wake after sleep
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onset (WASO) (62 min), and high nocturnal arousal index (14 arousals per hour).
The patient has a scheduled appointment in 2 months to follow up with the neurolo-
gist and sleep specialist.

Based on the symptoms reported by the patient and his current medical condi-
tion, the PT used the following self-reported outcome measures: Activities-Specific
Balance Confidence Scale (ABC Scale): 65% (indicating moderate confidence in
maintaining balance while performing various daily activities),

Parkinson’s Disease Questionnaire (PDQ-39) quality-of-life measure: 32% (low
dimensions include: mobility, bodily discomfort, and activities of daily living),
Fatigue Severity Scale (FSS): 48 (indicating high levels of fatigue), Parkinson’s
Disease Sleep Scale (PDSS): 84 (indicating disturbed nocturnal sleep, scores on
items such as frequent urination at night, painful muscle cramps, and sleepiness
during the day were high), Insomnia Severity Index (ISI): 15 (indicating moderate
severity insomnia), Epworth Sleepiness Scale (ESS): 16 (indicating excessive day-
time sleepiness).

Major clinical findings from the physical objective assessment indicated that the
patient may be at increased risk of falls mainly due to poor posture, weak antigrav-
ity muscles, dyskinesia, decreased range of motion (ROM), rigidity in lower
extremities, poor balance (BSS score less than the cut-off of 45, and TUG score
more than the PD cutoff of 12 s), fear of falling and low confidence in performing
daily activities. This might explain the unsteadiness the patient reported and the
decreased participation in the enjoyable activities he used to do. In addition to that,
the PT detected high levels of fatigue and an overall poor sleep quality, specifically
amoderate risk for insomnia and excessive daytime sleepiness. These symptoms are
highly associated with the confirmed diagnosis of sleep fragmentation, the daily
napping, and exhaustion the patient reported.

Another major finding from the diagnostic assessment by the PT was the muscle
cramps reported by the patient that are often painful and uncomfortable. The PT
discovered that the patient reported these symptoms at night as indicated in the
PDSS scale. SF can be influenced by painful muscle cramps among patients with PD.

The patient’s overall health has declined as indicated by low scores on the
quality-of-life measure (PDQ-39). If the patient’s fatigue, physical deconditioning,
and poor sleep was not managed, his health may deteriorate more further limiting
his quality-of-life. Lifestyle modifications, fatigue management, exercise therapy,
and functional management may decrease the patient’s sleep fragmentation and
other limiting symptoms ultimately improving his health status.

Physiotherapeutic Intervention

FM.C. worked with the PT for 12 weeks. His treatment is included in the following
Table 9.1.
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Table 9.1 The physical therapy treatment protocol used with the patient
Treatment Rationale Frequency Intensity
Sleep hygiene | First explained the role of PT in | Started from initial | As appropriate
education sleep management. SHE to assessment
(SHE) promote sleep health and modify

behaviors that interfere with
sleep such as:
« avoid alcohol and caffeine in
the evenings at least 4 h before
bedtime
¢ do not drink water right
before bedtime to avoid
frequent urination during the
night
» make yourself comfortable in
bed (may use pillows) with
proper sleep positions to avoid
discomfort specially for lower
limbs
Emphasis on sleep regularity and
avoiding long naps late in the day

Education on
energy
conservation
techniques

To manage fatigue patient was
instructed to:
* prioritize activities: To reduce
the overall energy expenditure
throughout the day. Identify
the essential tasks that need to
be done
* pace yourself: Break up
activities into smaller segments
with resting periods in between
to conserve energy
» modify your environment:
For example, use a raised toilet
seat to conserve energy while
getting ready in the morning
¢ planning daily activities in
advance to avoid unnecessary
stress and energy expenditure
* use assistive devices: Use a
cane in outdoor activities to
conserve energy
e practicing relaxation
techniques or meditation,
patient was encouraged to join
a yoga class
* A short nap at noon may
conserve energy for the rest of
the day
Exercise therapy (explained in
detail below)

Started from initial
assessment

Education as
appropriate

Nap at noon less than
90 min
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Treatment Rationale Frequency Intensity

Gait Nordic walking with auditory 3x/week Inside and outside PT
cues using a metronome. Nordic clinic for a total of
walking improves postural 300 m
control and coordination. The
cues improve gait speed and
stride length which boosts
confidence

Balance Balance training activities 2x/week in clinic 20 min

focusing on standing items
(tandem stance, feet together,
eyes closed, turning 360°)

and at home

Muscle cramps

« Stretching to reduce cramps
and stiffness and improve
flexibility: Static stretches for
calf muscles, toes extensors
and flexors, and knee
extensors. Dynamic stretches
for upper and lower extremities
(arms and leg swings), and
trunk rotations
* Therapeutic massage for
lower limbs

Exercise therapy (explained in

detail below)

Stretches 3x/week
at the beginning
and ending of every
session. Patient
performed
stretching at home
every day
Therapeutic
massage for lower
limbs 3x/week

Static stretches 3
repetitions each
holding 30 s
Dynamic stretches

5 min daily
Therapeutic massage
for lower limbs as
tolerated

Combined
exercise
program

To manage poor sleep, fatigue,
muscle cramps, strengthen weak
muscles, and improve balance/
gait impairments
* Aerobic exercise in clinic on
a seated bicycle and as patient
improved a treadmill was used.
At home patient encouraged to
walk, swim, or join a dance
class
* Resistance training using
TheraBand and cuff weights of
varying intensities. As well as
postural general strengthening
exercises

1 h long session 2x/
week on separate
days from other
treatments. 30 min
for aerobic exercise
and 30 min for
resistance training

Aerobic exercise:
Moderate intensity
program at 60%—-80%
of maximal heart rate
Resistance training:
Muscle groups 3 sets
of 10 repetitions at
60% 1RM. TheraBand
and cuff weights
progressed based on
patient tolerance and
improvements

Follow-Up and Outcomes

After EM.C’s initial assessment and the beginning of the therapy, the patient super-
vised sessions progressively decreased in number as the patient was progressing.
The patient in the first 3 weeks was coming to therapy three times per week, then 2x
per week, then once a week for a total of 12 weeks. At 12 weeks, a follow-up assess-
ment was made. The patient presented to the clinic with improved gait, increased
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ROM, and increased muscle strength in antigravity muscles. Outcome scores were
as follows: ABC: 85%, PDQ-39: 24%, FSS: 38, BBS: 38/56, TUG: 10.5, PDSS: 72,
ISI: 11, ESS: 12.

In addition to these measures, adherence to home exercises was measured by
giving the patient a home exercise log after the first session. The patient reported
daily when and what exercises were performed. The patient also reported in this log
any incidence of a fall. After 12 weeks, the patient compliance to the home program
was 65% with no reporting of any fall. Also, the patient was given a sleep diary to
record the times he goes to bed, falls asleep, and wakes up every night. The PT
noticed that the number of times he woke up during the night toward the end of
week 12 was less compared to week 1 (6 times vs. 11 times). The patient in general,
reported feeling more energetic, he is participating more in the community specially
through a yoga class he and his wife joined. He also reported that he has less muscle
cramps during the night and only naps if he was feeling tired. The patient was
encouraged by the PT to continue following sleep hygiene behaviors, his exercises,
and fatigue management. The PT asked the patient to come for follow-up to the
clinic once every 3 weeks.

Overall, the patient showed improvements in his sleep quality and other impair-
ments. Symptoms that seemed to minimally resolve were his mild stooped posture
and balance impairments, as well as frequent urination during the night. The PT
asked the patient to schedule an appointment with his neurologist for a follow-up
neurological assessment with an emphasis on nocturia. The PT also recommended
the patient to schedule a follow-up PSG assessment with the sleep specialist to
investigate any objective improvements in his sleep fragmentation.

Discussion

Sleep disturbances in patients with PD are prevalent and multidimensional associ-
ated with various symptoms and factors [5]. Sleep fragmentation was recently
reported as an important clinical characteristic of sleep disorders among patients
with PD [6]. The pathophysiology of the disease together with frequent motor mani-
festations increases the incidence of sleep fragmentation in the PD population [5].
Treatment options can be nonpharmacological and can have a significant impact on
improving sleep quality in patients with PD [10]. This clinical case highlighted the
important role physical therapists can offer to manage sleep disturbances in patients
with PD using a holistic approach. The therapist took into consideration the differ-
ent factors that might influence the patient’s sleep fragmentation and tried to man-
age each one separately and comprehensively. Exercise therapy specially combined
programs of endurance, strengthening, and flexibility exercise previously improved
various sleep disturbances in patients with PD, but there is no consensus on the
optimal type and intensity of exercise to recommend in this population [10].
Limitations in this case do exist. The therapist did not assess a major factor that
is highly associated with poor sleep and specifically sleep fragmentation, which is
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psychological status. Evidence suggests that sleep disturbances including sleep
fragmentation are risk factors for conditions such as anxiety, depression, and cogni-
tive impairments [11, 12]. The patient in the case may have symptoms of depression
that influenced his recovery, this might explain his frequent long naps, fatigue, and
why he was compliant only for 65% of the home exercises. Also, instead of relying
only on PSG as an objective measure of sleep, The PT had the ability to use actig-
raphy, which is a common objective measure of sleep that is highly associated with
the gold standard PSG [13]. It is less invasive, portable, and less costly compared to
PSG [13]. Actigraphy provides objective scores of various sleep parameters includ-
ing sleep fragmentation [14].

In conclusion, PT can be an important therapy for managing sleep problems in
PD. By incorporating exercise, education, movement strategies, fatigue manage-
ment, and relaxation techniques, PT can help improve sleep quality and promote
overall well-being in patients with PD.
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Introduction

Restless legs syndrome (RLS), also called Willis-Ekbom disease, is a neurological
disorder with a very complex pathophysiology, which makes it challenging to treat.
RLS is characterized by an urge to move the limbs (usually the legs but can affect
the arms) to alleviate the sensation of dysesthesia or hyperesthesia; being partially
or totally relieved by movement; with symptoms worsening at rest and inactivity
(such as sitting or lying down) and having a circadian component, which means that
symptoms appear at evening or night. Patients with RLS have poor quality of sleep
(therefore poor quality of life) due to dysesthesia and difficulties in initiating and
maintaining sleep due to discomfort in the limbs and fragmented sleep.

Patient Information

At the end of 2017, L.B.P., an 74-year-old woman, artist, sought physiotherapy for
leg pain relief and “leg jerks.” She was referred to me by the geriatric physician. Her
physician suspected of peripheral neuropathy, had ordered blood sample exams and
electroneuromyography of both lower limbs.

At anamnesis, she complained of pain in both legs, worse on the left one. In the
legs, she felt heaviness, unpleasant sensations, cramps, jerks, and stiffening/
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hardness of the muscles during the evening. She was vegetarian since the 70’ s, and
presented with anemia while young. She had a bilateral meniscectomy (20 years
ago on the left knee, and 12 on the right knee), and reported cardiac arrhythmia
accompanied by the cardiologist. She also referred to low back pain due to mild
scoliosis.

She was physically active, eutrophic, and since the meniscectomy, she reported
that never stopped physical exercises. She was very attentive to her weight, as she
knew that gaining weight could negatively impact her knees. In fact, she reported that
she never liked to exercise and, as an intellectual artist, she preferred a good book
than exercising. She also reported being sedentary for the most part of her life until
the pain in the lower limbs started. She said that she had to start exercises before both
surgeries. She was oriented by her physiotherapist’s daughter that she would have
proper conditions of the muscles for her rehabilitation after the meniscectomy. Prior
the surgeries she also had pain in her leg. And the pain accompanied her also after the
surgeries. She had aquatic rehabilitation immediately after the surgeries and followed
a rehabilitation program for both knees. She told me that she loves Pilates and myo-
fascial release and was performing both twice a week to help with the pain. She also
said that she liked to do everything walking by her home (e.g., market, shopping), to
maintain a good level of physical activity along with her exercises. But she started
feeling so much pain in both lower limbs that she was very upset and worried again.

When we started talking about her pain, she complained of fatigue, diffuse pain
burning, aching, cramps, and jerky feeling in both legs, uncontrolled urge to move
both legs, worse on the left side, worsening when at rest. There was no report of
tingling and burning pain, characteristics of neuropathic pain. During the day there
were no complaints. Leg jerks, pain, and an “incredible discomfort” were primarily
nocturnal, interfering mainly with sleep initiation. She recorded that once when she
traveled to Europe, she felt this pain and discomfort earlier, during the day—so she
understood it was not related to the activities she did before sleep.

She mentioned that she slept about 3.5 h/night for a long time and that she never
knew “what was to have a good night’s sleep.” She thought that pain was interfer-
ing with her sleep because during the night her pain seemed to get worse and she
needed to get out of bed and move around, and walk a little to get better. But she
got confused with the earlier symptoms during her travel. She complained of hav-
ing trouble initiating and to maintain sleep. She felt never restored, never refreshed.
She reported no snoring, kept a routine regarding bedtime and wake-up times, and
had no feelings of excessive daytime sleepiness. At some time she reported that she
was just like her father: having these sleep issues and feeling that bed was a place
not to restore because of leg pain, and the terrible feeling that she had in her legs.
She told me that her father used to say that his bed was full of needles, and there-
fore he hated sleep. She was on hormone replacement therapy (estradiol and nore-
thisterone acetate), prescribed by the gynecologist, trazodone hydrochloride for
insomnia, and pregabalin for pain, both prescribed by the geriatric physician. She
said she was having difficulties with memory, focus, and concentration since she
started pregabalin.
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Clinical Findings

Physiotherapeutic neurological examination was without alterations. No physical
changes were found in the lower limbs, such as muscle atrophy, edema, skin,
reflexes, sensation, and motor control changes. She presented with mild idiopathic
scoliosis. By this point, many thoughts came to my mind: Misperception of sleep?
Insomnia? Medication? Restless legs syndrome? The fact that when she traveled to
other time zone and it got better before sleep, indicated to me not a sleep disorder
but a circadian one. She was then referred to a physician specialized in sleep medi-
cine and neurology, for an accurate diagnosis and/or adjustment of medication—her
sleep and rhythms needed to be evaluated.

She was diagnosed with chronic RLS causing severe distress. The sleep medi-
cine physician changed the medication: instead of pregabalin and trazodone hydro-
chloride; she was prescribed gabapentin and zolpidem, respectively, for pain and
insomnia. Adjunctly to pharmacological we started physiotherapeutic treatment.

Diagnostic Assessment

The blood sample exams were normal (e.g., urea, glucose, TSH, liver enzymes),
except for the iron panel, which required intravenous iron supplementation pre-
scribed by the physician. The electroneuromyography of both legs were normal.
Neuropathy was dismissed as a diagnosis by the sleep medicine and neurologist
physician, who required polysomnography (PSG). PSG was within normal values
and showed no respiratory or periodic limb movement events. At the baseline evalu-
ation, the insomnia severity index was severe [1], and the International Scale of
Restless Legs was very severe [2].

Physiotherapeutic Intervention

The physiotherapeutic intervention comprised of an intensive approach discussed
previously with the patient: (1) sleep hygiene education (SHE), not to exacerbate
the RLS symptoms (avoid caffeine and alcohol, avoid sleep deprivation, having a
relaxing bedtime routine, maintain a regular schedule and physical activity and
exercise [3-5]). Each of the SHE rules was explained to her in one session, along
with the rationale and the applicability in her life [6]; (2) hands-on myofascial
release therapy [7]; followed by (3) lower limbs stretching exercises [7-9]
(Fig. 10.1), performed twice a week; (90 min), and (4) pain control with transcuta-
neous electrical nerve stimulation (TENS) performed once a week [10] (45 mins),
all under supervision. The parameters utilized for TENS were frequency of 75 Hz,
pulse duration of 120 ps, for 45 min, electrodes placed at peroneal nerve (one placed
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Fig. 10.1 Lower extremity stretching home exercise program. (a) Hamstring stretching; (b) Low
back, buttock stretching; (c¢) Piriformis stretching; (d) Gastrocnemius and soleus stretching; (e)
Hip adductor stretching; (f) Iliotibial band stretching; (g) Quadriceps stretching; (h, i). Hip flexor
stretching

outside of the fibula just below the knee, and the other one placed up to the lateral
malleolus). Exercises were prescribed (30 min) for the weekdays with no PT ses-
sions and she chose to perform them in the morning as it fitted her schedule.

Immediately after PT sessions, the patient reported improvement that lasted for
up to 48 h, no more than that. At the beginning, she had a little difficulty in perform-
ing the exercises by her own, but we repeated them exhaustively until she felt secu-
rity to perform them. We changed exercise frequency to almost every day, except for
those ones she had PT sessions, including weekends. Six months later, she was
performing them daily, even with PT session in the afternoon. For the first time, she
reported having slept for 7 h with no awakenings, and taking the medication
prescribed.

After 12 months, the patient presented no signs of insomnia (insomnia severity
index indicated absence of insomnia (7), and the legs symptoms were mild (11) at
the International Scale of Restless Legs. The interdisciplinary work between PT and
physician was imperative to the success of this treatment, combining pharmacologi-
cal and non-pharmacological treatment, as recently reviewed [6].

The patient continues to be treated and lives well without intense pain and dis-
comfort, and with longer sleep time. Pain sometimes appears, but the discomfort of
RLS is under control, and she manages her RLS well. She learned to notice that
when she doesn't sleep well (for some reason) the pain and leg jerks during the eve-
ning are intense, and she tries to relax, stretch, and go to bed early at night to restore
herself. She is also aware that when she travels, the timing of the discomfort may
change because it will be related to her circadian clock, and not to the local time of
sleep or night. She learned to manage all the situations.
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Discussion

The PT objectives of L.B.P. treatment were discussed with the patient and the physi-
cian, and were to relieve the legs symptoms, decreasing its severity; to promote
improved sleep hygiene to avoid aggravating factors for RLS; to educate about RLS
treatment and its management as it has no cure; and to perform daily exercises and
therefore improve quality of sleep and life [6].

She was provided to avoid behaviors related to RLS exacerbations, such as caf-
feine and alcohol intake, sleep deprivation, irregular routine, and stress [4-6], and
to promote awareness and education about RLS; therefore, L.B.P. would be able to
manage her condition. The rationale of SHE is crucial to be understood by the
patient, as also the flexibility of the SHE rules. Nowadays we talk a lot about SHE,
but in practice, it is one of the most difficult things to achieve, because they need
discipline, persistence, and a very close approach. In this case, we did it slowly, each
week understanding one rule and having time to practice. We did many of these
talking about sleep during the hands-on approach.

The hands-on myofascial release approach was chosen to improve nerve mobil-
ity in the lower extremity [11]; to reduce restriction by the fascia due to acute or
repetitive stress, preventing muscle damage [12]; to increase neuromuscular effi-
ciency, to reduce muscle pain [13]; and to prepare muscles for progressive stretch-
ing. The gentle pressure of hands during this type of myofascial release warrants
further investigation, yet it can be seen as a proprioceptive touch that activates skin
and muscle receptors and might have a role in decreasing symptoms. Hands-on
myofascial release was performed before stretching exercises.

The stretching exercises performed alleviated her symptoms when reached a spe-
cific amount: neither much nor little, as too much exercise can worsen the symp-
toms. There is a lack of evidence on “how much” exercise for RLS, as the type of
exercise, in the literature. According to the latest review of the literature and com-
bined with our practice, aerobic and resistance exercise are the best for RLS [6], but
L.B.P. was not willing to start them. As she liked Pilates, stretches were chosen, so
she could also learn and do them by her own. In fact, some non-pharmacological
treatments have very low evidence but are still a promise in the treatment of RLS;
some of them evolving isometric exercise and stretching [7-9, 14]. The relief caused
by stretching in longer periods, in this case, more than a year of regular practice,
induces a chronic adaptation of the neuromusculoskeletal system. This improve-
ment in RLS could be also because that exercise has on beta-endorphin system,
promoting the regulation of an “endogenous pharmacy,” along with the sensation of
well-being, and improvement of cerebral blood flow, which can be related to iron
metabolism.

TENS has been used by PTs to control pain [15]. Although there is no robust
evidence for RLS specifically, TENS has been investigated in a few studies. The
effect of TENS for RLS is to reduce spinal cord excitability [16] of leg discomfort,
jerks, cramps, pain, etc.—but have been showing a short-lasting effect [17]. This
clinical case experience suggests that relief of RLS symptoms begins during TENS
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stimulation, persists during stimulation, and persists for at least a brief period after-
ward. The PT sessions of TENS were performed at the beginning of the evening,
closest to bedtime, and it was purposed selected because the circadian timing, the
peak of RLS symptoms tends to be in the late evening or night [16]. We decided to
give it a try for TENS, expecting the relief from the leg consistent with gate control
theory [18]. One possible mechanism of action is that TENS activates sensory nerve
fibers in the nerve (in this case peroneal) to suppress pathological neural signals
beginning in the peripheral nervous system at the level of the spinal cord. An equal
mechanism might explain why maintaining activity, stretching, walking, and
stretching, which activates proprioceptive nerve fibers in lower limbs, frequently
relieve RLS symptoms, even for short times [19].

This clinical case described the long journey searching for the treatment of pain
and discomfort for RLS. Probably RLS was hereditary in this patient and required
new habits of managing the condition, including daily stretching, pain relief, main-
tenance of physical activity (walking) and education about the condition and sleep,
as well as knowledge of predisposing factors.

Patient Perspective

“This has been a journey! I didn’t know about RLS and I think my father also had
it. I learned so much about it. The most important thing is that I need to do the exer-
cises daily. Not a few, and not a lot! At first, it was hard, but today I learned to man-
age. I do feel pain if I don’t exercise and stretch. I'm better, I understand my
condition and I think I had it my entire life. I feel secure with the interprofessional
care from my physician and my physio’. The ‘disease management’ requires my
discipline, and I am aware I have no cure, but with the treatment, I can live well. My
pain and discomfort in both legs decreased a lot—and I mean A LOT! I know I take
medications and probably will take them forever, but now I sleep better, and live
better.”
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Introduction

Multiple sclerosis (MS) is an inflammatory, demyelinating, chronic disease of the
central nervous system and causes various symptoms. According to cohort studies,
restless legs syndrome (RLS) affects between 13.3 and 65.1% of people with MS
(pwMS) [1]. Despite the significant occurrence of RLS in pwMS, it is frequently
underestimated during neurological examination. Therefore, determining a patient’s
complaint related to RLS and treating this condition is challenging. So far, medical
treatments are in the foreground treatment of RLS. But as the benefits of exercise
have become more evident, several forms of exercise are being studied in patients
with RLS. On the other hand, research on exercise has not included pwMS with
RLS. This case report examined how aerobic exercise affects RLS symptoms in a
male with MS with RLS.

Patient Information

T.K.O., man, currently 47 years old, applied to our MS center for the first time in
2012, complaining of blurred vision. Following a confirmed diagnosis of MS, inter-
feron beta 1b was prescribed. In 2016, due to the inefficiency of interferon beta 1b,
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the medical treatment was switched to fingolimod (immunomodulating medication).
Routine evaluations, which comprise physical, psychosocial, and cognitive measure-
ments, were started to be applied annually after 2015 in our MS center. During the
second routine evaluation of this case on June 29, 2016, a senior neurologist diag-
nosed him with an RLS. The existence of a spinal cord lesion is the most frequently
cited pathophysiologic explanation for the RLS in pwMS [2]. Therefore, we retro-
spectively evaluated previous magnetic resonance imaging (MRI) scans, the first was
in 2010. Even though there was no spinal cord lesion in the initial MRI scans, the first
spinal cord lesion was discovered in the MRI scan in April 2014.

Clinical Findings

The RLS Rating Scale (RLSRS) was used to assess the severity of the RLS symp-
toms [3]. At the last routine clinical visit, the patient scored 33 out of 40 on the
RLSRS, representing he had very severe RLS symptoms even though he was under
medical treatment for the RLS symptoms. Therefore, a further management method
was discussed. The patient’s pre- and post-treatment RLSRS answers are shown in

Fig. 11.1.

a

b

(a) Restless legs syndrome rating scale

(b) Restless legs syndrome rating scale
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Fig. 11.1 T.K.O.’s answers to each item on Restless Legs Syndrome Rating Scale before (a) and
after (b) the aerobic training. The total score ranges from 0 to 40, being classified as mild (0-10),
moderate (11-20), severe (21-30) and very severe (31-40) [3]. (Reprinted with permission

from T.K.O)
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Timeline

The neurological disability and RLS symptoms severity were measured during the
follow-up from June 2016 to May 2022. The Expanded Disability Status Scale
(EDSS) [4] was used to assess the neurological disability, and the RLSRS was used
to assess the RLS symptoms severity. Figure 11.2 presents the timeline of the
changes in RLSRS and EDSS scores. After the RLS symptoms became more severe,
even medical treatment (pramipexole, a dopamine agonist), the neurologist and
physical therapist together decided to utilize aerobic exercise training in May 2022.
Soon after, the baseline assessments were conducted before the aerobic exercise
training. The training program was started in the next session following the baseline
assessment.

Diagnostic Assessment

Despite the lack of gold standard or objective clinical approaches for diagnosing
RLS, the most used method is the RLS diagnostic criteria. The International RLS
Working Group created the first version of the RLS diagnostic criteria in 1995 [5].
The neurological examination and anamnesis provide the basis of those four criteria
[5]. In 2003 and 2014, there were two revisions made to those criteria. The fifth
criterion was included in the most recent revision to increase specificity by exclud-
ing pathologies that mimic RLS symptoms [6]. Our patient fulfilled all five criteria
and was diagnosed with RLS on June 29, 2016.
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Fig. 11.2 Changes in the EDSS and RLS severity scores. EDSS expanded disability status scale,
RLS restless legs syndrome, RLSRS RLS rating scale (the total score ranges from 0 to 40, being
classified as mild (0-10), moderate (11-20), severe (21-30) and very severe (31-40) [3]).
(Reprinted with permission from T.K.O)
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Physiotherapeutic Intervention

After deciding to utilize aerobic exercise, the exercise program was scheduled by a
physical therapist in May 2022, following the protocol described in a previous study
that investigated the effects of aerobic exercise training in people with RLS [7]. The
patient’s target exercise heart rate was calculated using the Karvonen formula
[((220-age—Resting Heart Rate) x percentage of intensity) + Resting Heart Rate]
[8]. Exercise intensity was adjusted from 60 to 75%. Aerobic exercise training was
applied twice a week under the supervision of a physical therapist for 12 weeks
using a recumbent exercise bike starting from 20.05.2022. The sessions started with
20 min, with 2-3 min of warm-up, 15 min of loading, and 2-3 min of cool-down,
and reached 30 min at the end of 12 weeks. The heart rate was monitored via Polar
H10 Hear Rate Sensors. The last session was performed on August 10, 2022. The
patient attended all sessions with high motivation (a total of 24 sessions) and did not
report any adverse events.

Follow-Up and Outcomes

Because the RLS symptoms can affect many aspects, such as gait, sleep quality,
quality of life, and physical capacity, we chose comprehensive assessment tools
which are valid and reliable in pwMS. Before and after the aerobic exercise training,
the RLSRS, Epworth Sleepiness Scale (ESS), Pittsburgh Sleep Quality Index
(PSQI), Timed 25-Foot Walk (T25FW), Timed Up and Go (TUG), 6-Min Walk Test
(6-MWT), Multiple Sclerosis International Quality of Life (MusiQoL) and the esti-
mated VO,max were performed.

The primary outcome was the RLSRS which was developed to evaluate RLS
symptoms severity, and it consists of a 10-item scale scored from O (not affected by
the symptoms) to 4 (affected very severely by symptoms) [3].

The T25FW, TUG, and 6-MWT were performed for the gait assessment. The
T25FW was used to assess the walking speed [9]. The TUG test is a simple test that
assesses a person’s mobility and requires both static and dynamic balance [10]. The
6-MWT is a submaximal exercise test that entails the measurement of distance
walked over 6 min [11].

The ESS was used to assess daytime sleepiness, whose scores range from 0 to 24.
A higher score indicates higher daytime sleepiness [12]. The PSQI includes seven
subscales that assess subjective sleep quality, sleep latency, duration, habitual sleep
efficiency, sleep disturbance, use of sleep medication, and daytime dysfunction. The
total PSQI score is calculated from these seven sections and ranges from 0 to 21
[13]. Higher scores indicate worse sleep quality. The MuSiQoL is the MS-specific
health-related quality of life questionnaire that comprises 31 items [14]. The total
score ranges from 0 to 100, and higher scores indicate a better health-related quality
of life.
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To calculate VO,max from submaximal data, the Astrand-Rhyming nomogram
approach was used [15]. It is one of the most used indirect VO,max measurement
protocols [16]. The heartbeat rate obtained from the test and the applied workload
combined with the Astrand-Rhyming nomogram to calculate the estimated VO,max.

Table 11.1 presents the baseline and after-aerobic exercise training results. The
RLSRS score decreased from 33 to 21, indicating a 36% improvement. Except for
the ESS, all outcome measures improved.

Discussion

Several non-pharmacological modalities have been reported to be effective in man-
aging RLS, including exercise, compression devices, infrared therapy, and conven-
tional acupuncture. However, their effectiveness is controversial as the studies lack
methodological quality [1]. Therefore, there is a need for evidence-based studies to
develop rehabilitation programs that can be applied in this population and to deter-
mine their effectiveness and treatment duration. Although there is no strong evi-
dence, most studies investigating the effects of aerobic exercise on RLS symptoms
reported that it could decrease RLS severity [7, 17, 18]. Thus, we decided to apply
aerobic exercise to this patient with MS and RLS. As a result, our case showed that
aerobic exercise might be a promising method for improving RLS severity, sleep
quality, gait, and health-related quality of life.

Cederberg and Motl (2021) examined the feasibility and effectiveness of the
physical activity behavior modification method to improve RLS severity and sleep
outcome measures in pwMS. They showed that the RLS severity, self-report sleep
satisfaction, total time spent in bed, and total sleep time had all improved. The
authors hypothesized that because the pathological pathways of MS and RLS are

Table 11.1 Baseline and after-aerobic exercise training results of the patient

After-aerobic exercise
Baseline training assessment (week Percentage of change from
assessment 12) baseline to week 12
RLSRS (0-40) 33 21 36%
ESS (0-24) 9 9 0%
PSQI (0-21) 14 6 57%
T25FW (s) 10.39 7.06 47%
TUG (s) 24.35 17.25 29%
6-MWT (m) 260 327 20%
MusiQoL (0-100) |71.64 77.78 9%
Estimated VO,max | 27.1 32.5 20%
(mL/kg/min)

RLSRS RLS rating scale, ESS epworth sleepiness scale, PSQI pittsburgh sleep quality index,
T25FW timed 25-foot walk, TUG timed up and go, 6-MWT 6-min walk test, MusiQoL multiple
sclerosis international quality of life
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mutual, the improvement in dopaminergic signaling through physical activity or
exercise could positively affect both MS and RLS symptoms [19]. Our results sup-
port this hypothesis. In our case, the improvement was observed not only in the RLS
severity and sleep-related symptoms but also in physical components such as gait
and estimated VO,max.

This case report examined the effects of a 24-sessions aerobic exercise training
for the first time in a male with MS and RLS. Our results showed that aerobic exer-
cise might be a promising method for improving RLS severity, sleep quality, gait,
and health-related quality of life. Also, this case report showed that RLS symptoms
should not be considered separately from MS symptoms. When deciding both
assessment tools and intervention parameters (frequencies, type, intensity, time),
thinking about how MS-related symptoms could affect this process may be the best
way to manage RLS symptoms. It seems like a full-scale randomized controlled
trial investigating aerobic exercise training would be warranted and worthwhile to
perform.

Patient Perspective

At the end of the aerobic exercise training program, T.K.O. reported, “My wife and
I realized that I could easily fall asleep. Also, the restless feeling in my legs has
reduced, so I sleep longer and wake up more energic. Moreover, I can walk longer
distances during the day because I feel more energic. At the beginning of the exer-
cise sessions, I was prejudiced about how this kind of activity could reduce my
sensory symptoms. However, after 4 or 5 weeks, I noticed I was improving. After
this point, I started to feel more and more cravings for each session. It should be
considered that I live 90 km from the hospital, where I attend to do aerobic exercise
sessions. It was a great experience for me, and even after my sessions are over with
my physical therapist, I will continue cycling to keep its’ positive effect on me.”
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Introduction

Some truck drivers work irregular hours due to job strains, including long working
hours at night. These characteristics may contribute to chronic sleep deprivation,
circadian diseases, unhealthy dietary habits, sedentary lifestyle, cardiovascular dis-
ease, and obesity.

Long-haul drivers should deliver goods from one city to another on time. Thus,
they have time to depart, but the end of the shift is uncertain. This routine schedule
can affect biological rhythms, impacting the sleep-wake cycle and disrupting the
circadian system [1, 2]. Actually, irregular and long working hours at night may
cause circadian desynchronization and stressors. This situation can affect cortisol
release, a well-known marker of stress. According to Ulhoa et al. [3], high cortisol
levels in irregular-shift workers were correlated with certain stressors, such as short
sleep duration, and low job satisfaction, and metabolic parameters, such as total
cholesterol. The aim of this chapter is to present a driver who was referred by his
physician to physical therapy for sleep treatment. He has sleep complaints and
fatigue. This chapter is about a hypothetical patient, and it is based on the true sto-
ries of several Investigations we have performed.
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Patient’s Information

L.R.D., a 45-year-old male truck driver, arrived at the clinic for physical sleep ther-
apy treatment in April/2022. He has been working as a truck driver for the last
15 years. He looked for a physiotherapist specialist in sleep after his doctor’s sug-
gestion. The driver is married, non-smoker, and has regular social drinking habits.
His family background has a history of blood pressure, hypertension, and diabetes.
Nowadays, he doesn’t have those diagnoses. No relevant genetic information was
informed.

He has been working for 15 years as a long-haul truck driver on an irregular night
shift. His ordinary schedule includes arriving at the transportation company at
7 PM., where he waits for the lorry to be set in the truck. Then, he takes the road to
deliver the goods on time. He rarely knows when he will arrive at the delivery
address because of the traffic and some eventual problems on the road. He likes his
job but reported worries about his safety because he has fallen asleep behind the
wheel twice.

During the anamnesis, L.R.D. complained about his sleep and that he wakes up
feeling tired. We used the visual analogue scale and actigraphy for 1 week to evalu-
ate his sleep quality. The actogram showed that the driver slept about 399 min. Sleep
efficiency was 80%. Sleep quality was 7 points (from O to 10 points, the greater the
score, the more significant subjective level of sleepiness).

He considers his own house environment not suitable for sleeping. According to
him, noise from people and telephones are the main reasons that usually disturb his
sleep at home. He also reported being unable to fall asleep when going to bed.
Considering Karolinska’s sleepiness scale [4], there is more sleepiness between
6:00 and in the afternoon (14:00 to 18:00), on working days. During days off, the
higher point of sleepiness is early in the day.

Work Schedules and Routine

From information obtained by completing the activities protocol during the week,
the average duration of each activity during work was calculated. The average dura-
tion of time spent driving was 386.3 min/day. Approximately 2 h, on average, was
the delay in releasing the truck. The time waiting for the release was 117.74 min.
The nap duration at work was 28.18 min. He sleeps during his routine when arriving
home; however on some days, he does some leisure activities and eats before sleep-
ing. We illustrate the actigraphy record showing active and resting moments in
Fig. 12.1. The dark bands in the actogram below represent periods of activity. The
gray one represents rest.
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Fig. 12.1 The patient’s actigraphy record shows an irregular sleep-wake rhythm disorder.
(Reprinted with permission form [3])

Clinical Findings

He is obese, with body mass index of 32 kg/m? and blood pressure of 140/90 mmHg.
The waist-hip ratio is 1.1. The resting heart rate is 72 bpm. He underwent surgery to
remove his appendix 2 years ago. He doesn’t complain about sexual dysfunction or
other comorbidities. Patient’s snoring and probable sleep apnea are under investigation
by his physician, who suggested polysomnography, which has not been performed so far.

According to the major complaints of irregular sleep and daytime tiredness, an
evaluation and treatment plan were developed [5]. Data from sleep and wake activ-
ity extracted from the actogram and from the sleep and activities diary (described in
his routine) were used for better evaluation. We identified circadian rhythm altera-
tions. We also investigated his circadian preferences using the chronotype question-
naire [6], characterizing him as intermediate type.

The analysis of the patient’s sleep hygiene routine was watching TV or, eventu-
ally, using smartphones before going to sleep. He does not drink coffee before sleep-
ing, only when he wakes up. However, eventually, he eats an enormous meal before
going to sleep. He usually wakes up to go to the bathroom to urinate during sleep.
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Physiotherapeutic Intervention

Based on these results, we elaborated behavioral changes following guidelines on
waking up and sleeping times, naps, and lifestyle habits. Furthermore, physiothera-
peutic interventions, based on light and chronotherapy, are adequate for the irregu-
lar circadian disorder.

According to the patient’s physical examination and clinical findings, a therapeu-
tic protocol was developed based on relevant literature [5, 7, 8], with specific objec-
tives, as following:

Objective 1: To promote circadian rhythms alignment using light and dark at
appropriate times as a therapeutic resource according to sleep-wake circadian
rhythm cycle disorder.

Intervention 1: In this case, Light 1-2 h of 2500 to 5000 lux was recommended,
in the first half of the shift and avoiding light after the shift. Moreover, wearing blue
light blocking glasses on the way home after the shift ends during the light phase of
the day. It is important to avoid drowsy driving to avoid accidents. While sleeping
at home, any source of light should be avoided, the room has to be as silent as pos-
sible, and the room temperature must be comfortable.

Objective 2: To promote sleep quality and proper duration and to establish sleep-
ing and waking times (chronotherapy) as a strategy to sleep-wake circadian rhythm
cycle disorder.

Intervention 2: To reach these goals, chronotherapy was recommended to insert
sleeping and waking up routine and low-intensity physical exercises (e.g., walking,
cycling) at appropriate times and away from bedtime.

Objective 3: To promote life quality and well-being and to recommend sleep
hygiene education to increase efficiency and sleep quality.

Intervention 3: To encourage physical exercise practice to benefit the patient in
terms of general health, healthy eating, and other recommendations related below.

Discussion

Physical exercise is a strategy in the way to benefit health and sleep when properly
applied. Exercising just before bedtime should be avoided because of the alert it
promotes, as there is an activation of the sympathetic autonomous nervous system,
with adrenaline release. It is necessary to pay attention to the duration and intensity
of the exercises. The duration should be short or intermediary, preferentially (30 min
to 1 h). Considering exercise intensity, it is better to practice with low or medium
intensity, because long-duration and high-impact exercises can lead to fatigue, pain
and sleeping disorders. Mentally exciting activities should be avoided close to
sleeping time [7].
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Using caffeine and waking may be strategies to mitigate drowsiness among
drivers [9].

The organization of work in shifts may mitigate fatigue and drowsiness during
working time by limiting long hours of work, avoiding irregular shifts, inserting
resting periods, and promoting training to recognize fatigue to avoid work accidents.

Moreno et al. [10] suggest implementing a circadian hygiene program. Besides
physical exercise and light with proper intensity and at an appropriate time, guid-
ance can also be provided on proper nutrition. Both caloric content and the time of
meals should be taken into consideration. The authors also add the importance of
chronobiotics. With that, drugs that act in line with circadian rhythms are high-
lighted, considering that they potentiate the effects in some hours of the day.
Exogenous melatonin is one of the chronobiotics that shows positive effects on
sleep duration and consolidation. Finally, the effect of social meetings (school,
work) is to adjust (or misalign) biological rhythms. Here, we can highlight how the
work commitment has impacted patients” life in this chapter. There is a mismatch
between the demands of irregular work and sleeping needs. Literature shows that
working in shifts is associated with a low-duration, irregular sleep pattern, and with
an impact on others’ circadian rhythms. Nap is used as a strategy during or before
the shift to decrease the consequences of shift work on workers” sleep. Naps help to
keep alertness and working performance [8, 10].

Sunlight or electricity interferes with biological rhythms as they reach photosen-
sitive ganglion cells in the retina. Consequently, light may promote alertness,
changes in brain activities, and endogenous melatonin levels and, thus, interfere
with circadian rhythms. Therefore, prolonged use of electronic equipment close to
bedtime should be avoided [10]. Besides, the use of sunglasses after the shift and
blue light blocking for electronics is recommended. In addition, exogenous melato-
nin can be used to help synchronize.

In the specific case of professional drivers, anti-collision technology can be
implemented in vehicles, as technologies and system resources are advancing
quickly, such as Automated Driving System Technologies (ADS). Besides, early
fatigue detection is important, such as a driver monitoring system (it verifies eyelid
closure and head position indicating drowsing). Those systems have not been widely
incorporated into fleet vehicles until recently, but their use is promising [2].

To conclude, irregular and long working hours at night may cause circadian
desynchronization and stressors. It is important to have a specific evaluation with
anamneses, actigraphy, diary, Karolinska sleepiness scale, and chronotype ques-
tionnaire. Then, it is possible to set the intervention on the patient’s routine. The
treatment is unique and must to promote circadian rhythms alignment using the
application of light and dark at appropriate times; to promote sleep quality and dura-
tion; and to promote life quality and well-being. Each patient and intervention are
unique. It expects a better sleep parameter, less fatigue, and increased quality of life
after these implementations.
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Clinical Cases: Sleep Bruxism
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Introduction

In this case report, the patient had a longstanding history of orofacial pain. In 2018,
she visited with an oral medicine and sleep medicine qualified dentist (GL) who
diagnosed her with sleep bruxism (SB). She received a night guard to prevent night-
time clenching/grinding. Even though the night guard helped with orofacial pain
complaints, the patient has had recurrent bouts of severe acute pain (8/10), once in
2019 and once in 2022 that motivated her to consult twice with physiotherapy.
Although jaw exercises and targeted manual treatments have diminished jaw muscle
and joint pain, subsequent exercises directed to other areas of her body (i.e., head,
neck, and shoulders) further decreased the patient’s pain to a more manageable level
overtime.
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Patient Information

The first physiotherapy (PT) consultation was in 2019. A.E.C. was an athletic right-
handed 29-year-old woman, with a primary complaint of increased pain at bilateral
temporomandibular joints (TMJs). The patient reported her temporomandibular dis-
order (TMD) pain started with removal of her wisdom teeth when she was 16 years
old. At the time of consultation, other complaints included pain at her head, neck,
shoulders, and spasms in her tongue. Pain was described as a pulling and a tight
sensation. In addition, she expressed some occasional right-side numbness of her
tongue, and difficulty with mouth opening. Furthermore, she reported occasional
tension-type headaches without aura.

Intensity of her symptoms increased with stress and were worst in the fall, at the
return of stressful activities (i.e., sedentary work on the computer) as a doctoral
student. Intensity of her symptoms decreased with yoga and swimming which she
practices regularly. She was a competitive swimmer, rower, and figure skater during
her teenage years. She slept on her left side or on her stomach with her head
turned left.

Medical history includes asthma and general hyperlaxity. She was not taking any
medication except for as needed ibuprofen, an over-the-counter non-steroidal anti-
inflammatory. She wore orthodontic braces for 2 years during her teenage period.

As described above, she used a night guard for sleep, most of the time in periods
of stress but by this point she was wearing it almost every night. The night guard
contributed to reduce her everyday pain especially in mornings. However, in periods
of high stress, pain increased, and mouth opening was more difficult. Referral in PT
was recommended.

Clinical Findings

Upon evaluation, she presented with forward head posture and a very flat thoracic
spine. The patient had pain at bilateral TMJs, predominantly on the right side as
well as pain at the tongue, head, neck, and shoulders (Fig. 13.1).

She rated her pain on a 0 to 10 numeric pain scale at 4/10 when it is at its best
and 8/10 at its worse. No red flags (i.e., signs of serious pathology) were identified.
Her neurological examination with cranial nerves reactivity was within normal lim-
its, excluding the need for a referral in neurology. Her tongue resistance was weaker
on the right side in comparison to the left side. Overall, the right side was dominated
by pain and muscle spasms, both of intermittent occurrence. Her mouth opening
was of 35 mm and a decreased extension and left side flexion of the cervical spine
was observed with reports of pain at end of range of motion. Her neck flexion, how-
ever, was increased. Her scapular positioning at rest was within normal limits, but
her scapular rhythm was unequal between her right and left side as her right scapula
presented with a decreased superior rotation with abduction/flexion of her arms.
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Fig. 13.1 Representation of pain areas as described by the patient. (Original figure. Reprinted
with permission from A.E.C.)

Upon palpation, she presented with tightness of bilateral masseter, lateral pterygoid,
posterior temporalis, levator scapulae, and sternocleidomastoid muscles. Manual
muscle testing (i.e., evaluating the function and strength of muscles against gravity
or manual resistance [1]) showed that her right superior trapezius, inferior trapezius,
and her deep neck flexors were weak at 3+/5. Finally, assessment of arthrokinemat-
ics of her cervical spine showed decreased right rotation at C1-2 and increased
opening and closing at bilateral C4-5. At her jaw, bilateral lateral glides and traction
were decreased with early capsular end feels.

Diagnostic Assessment

TMD and SB initial diagnosis, as described above, was accomplished in 2018.
Based on clinical history and examination, a working diagnosis of myofascial pain
into the TMD category with SB was made. For TMD pain, these include objectively
reported pain and soreness in jaw muscles and both TMJs upon palpation, based on
the TMD diagnostic criteria (DC/TMD) [2]. For SB, muscle tension or discomfort
upon awakening, with awareness of jaw clenching during sleep or in mornings, with
diurnal activity of jaw bracing and clenching, with occasional tooth grinding
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confirmed by sleep partner, plus localized shiny spot on tooth and mild bilateral
masseter muscle hypertrophy were reported. No complaints or signs and symptoms
related to insomnia (i.e., 30 min delay in sleep onset or long duration sleep interrup-
tion 3 times a week for 3 months) or sleep apnea (i.e., sleepiness or fatigue, reported
cessation of breathing, and upon clinical examination retrognathia, deep palpate,
Mallampati or Friedman oropharyngeal high score, high body mass index/obesity)
were reported. Therefore, no sleep recording test was ordered.

Relaxation therapy and referral to PT were suggested with use of over-the-
counter pain medication (i.e., ibuprofen or acetaminophen with methocarbamol) at
bedtime during stressful life periods. Moreover, we suggested she consider having
a night guard (bite splint) to be made to manage sleep jaw clenching and tooth
grinding to protect teeth and reduce jaw muscle contraction. The night guard was
made on the upper jaw since, as listed above, no risk factors of sleep apnea were
present, nor snoring was reported.

Diagnosis

PT clinical impression, upon evaluation, was that her TMD and neck pain with con-
comitant SB may be correlated with right rotation C1-2 hypomobility, bilateral
C4-5 hypermobility, combined with weak shoulder blades more prominently on her
right side. However, since the patient had other symptoms such as spasms and inter-
mittent numbness in her tongue, a nerve irritation or radiculopathy was considered.
However, since cranial nerves examination was within normal limits, including the
hypoglossal nerve function, that last hypothesis was eliminated. A radiculopathy of
the lower cervical nerves was considered. However, this hypothesis was eliminated
due to all upper limb nerve tests (i.e., median, radial, and ulnar nerves), and the
spurling test being negative.

Finally, possibility of myofascial pain with disc displacement was also consid-
ered. However, since there was no clicking or popping with jaw movement, no
deviation with opening, no painful locked episodes and a quick improvement in jaw
opening with muscle release (i.e., masseter), this hypothesis was also eliminated.

Prognosis

After working on and off with the patient with bilateral TMJ pain and SB for 3 years,
she could be autonomous and cope with the situation most of the time if she was
educated on: which exercises to maintain, how to manage her stress, and how to
manage her posture. In cases like this, educating and motivating the patient are as
important as PT manual therapies to manage overall pain, SB, and stress overlap-
ping conditions.
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Physiotherapeutic Intervention

Patient was seen in a private setting; she was seen approximately once a week for 7
follow-ups in 2019 and 5 follow-ups in 2022 (treatment is still ongoing (Fig. 13.2). First
session of each period was 1 h, and follow-ups were 45 min. The last three sessions in
2022 were with a physiotherapist that practices dry needling and sessions were 30 min.

Many types of therapeutic intervention were used for the patient. Every session
included education about posture (i.e., while sleeping and while working), stress,
pain modalities (Table 13.1), and exercises (Fig. 13.3). A combination of manual
therapy and myofascial release (i.e., stripping or trigger point release) was used
according to what relieved the patient’s pain, and what helped increase the mouth
opening of the patient (Table 13.1).

Follow-up Follow-up Follow-up Follow-up Follow-up
1 3 5 1 3
45 min 45 min 45 min 45 min 30 min
2019 9 days 7 days 10 days 2022 14 days 7 days
Evaluation Follow-up Follow-up Follow-up Evaluation Re- Follow-up
2 4 6 evaluation 4
45 min 45 min 45 min (change of 30 min
14 days 7 days 3 weeks PT) 7 days

60 min
14 days

Fig. 13.2 Period with evaluation and follow-up including session lengths and time elapsed
between sessions

Table 13.1 Example of one physiotherapeutic session

Explication/ Time in
Categories Subcategories recommendation session
Education | Postural education | Forward head posture Cranio-cervical 2 min
region -brings into
flexion
Flat thorax Tighten the core and | 2 min
bring down the lower
ribs closer to pelvis
Sleeping positioning Pillow height, i.e., 2 min
height of shoulder to
ear if sleeps on the
side
Exercises Neck strengthening, See Fig. 13.3 5 min
shoulder blade Demonstrate the
strengthening, jaw exercise and have the
strengthening, patient does them
automassage simultaneously
Stress management | Cardiorespiratory exercise | 1-3 x/week for 1 h 2 min
Yoga 1-3 x/week for 1 h 2 min
Pain management Heat and/or ice 15-20 min 1x/day 2 min
Medication When needed, to be 2 min
discussed with the
pharmacist

continued
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Table 13.2 (continued)

Explication/ Time in
Categories Subcategories recommendation session
Myofascial | Deep stripping Paraspinals bilateral 4 x 1 min 4 min
release Sternocleidomastoid 4 x 1 min 4 min
bilateral
Masseter bilateral 3 x 1 min 3 min
Temporalis bilateral 3 x | min 3 min
Trigger point release | Lateral pterygoid bilateral | 3 x 30 s 1
1/2 min
Masseter bilateral 3x30s 1
1/2 min
Temporalis bilateral 3x30s 1
1/2 min
Manual Neck General neck traction 2x10s 20s
therapy Posterior-rotation glide 2x10s 20's
CO0-C1 bilateral
Rotation R and L glide 2x10s 20's
Cl-2
Anterior-posterior glide |2x10s 20s
C4-6
Posterior-anterior glide 2x10s 20's
C4-6
Temporomandibular | Lateral glide bilateral 2x10s 20s
joint Traction mandible bilat 2x15s 30s
SnE. |[eumi.. |0 |opar lemws  |[0mmasnes
@k = i \i
SR Tuey W Wses | | BBty W Tsers | | ISR IaMey 1 Osems | | RTOF wey i ises | | 1O FToWey I RGses | | Fiahemaseded H: V-Smins
Ic x:%m ? m@&;m ? Oral Motor EQ Tongue stretch m ::?l:ﬁm fp ;‘a:::t::m
Rk every Tdwys i Esen | K& Gevryldes it3uwn | 6 FeworZdus Xsen | | 6 GeveryTdes i 3sea || 6 CeveryZduwn iU sen Fiehen merded 1 1-Smis
Tl mi | .
(YT ot | PRSP | U o | [ ——— o p—-

Fig. 13.3 Example of exercise program. (Image courtesy from Dr. J.T.A.T.Lam. Physiotec
(https://physiotec.ca/ca/en, 19962023 all rights reserved))
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Table 13.2 Example of dry needling techniques in one session

Physiotherapeutic puncture with dry needles (PPAS)

Muscles Length of needle Parameters

Masseter 25 mm Right + left x 1 each side
Lateral pterygoid 40 mm Right + left x 1 each side
Suboccipital 25 mm Right + left x 1 each side

Patient was diligent with recommended exercises. She kept on working on her
posture during work and adapting to stress to the maximum of her abilities.
Therefore, in the second period of PT treatment in 2022, we decided to try a new
technique to quickly relieve pain since the patient was considering botulinum toxin
injections into her masseters. Dry needling was suggested and done with success
(Table 13.2).

Follow-Up and Outcomes

Adherence to exercises was subjectively evaluated by questioning the patient as
well as the patient filling-in an exercise journal on the exercise software provided
by the clinic. The software allows the patient to record the date when the exercises
were accomplished, and its level of difficulty. Pain level was subjectively assessed
every PT session with the pain numeric scale. Overtime, her pain slowly decreased
and at the end of periods of treatments, pain was more manageable at around
0-2/10. Mouth opening was physically measured with a ruler at every session to
monitor her progress. In both 2019 and 2022, the patient presented at the beginning
of her treatment sessions with a maximal mouth opening of around 35 mm with
pain, and by end of treatment, it was measured approximately at 50 mm with-
out pain.

Discussion

One limitation in this case report is lack of standardized tools used to assess the
patient. The reality in many private practices is that there is a lack of time to admin-
ister them. Neck Disability Index (NDI) [3] and Jaw Disability Index (JDI) may
have been great tools to support neck-jaw function and presence of TMD [4]. The
literature suggests that certain physiotherapy interventions can affect sleep quality
as measured by the Pittsburgh Sleep Quality index (PSQI) questionnaire which is a
validated sleep questionnaire for sleep quality [S]. Therefore, this questionnaire
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could have been used in this patient to monitor her sleep quality improvement sec-
ondary to the different PT interventions.

Another limitation was not addressing the psychological component of her SB
diagnosis with a psychologist as it is commonly comorbid to anxiety disorders.
However, psychological interventions (i.e., biofeedback, hypnotherapy, cognitive
behavioral therapy, stress, and relaxation management) efficacy has not yet been
confirmed [6, 7]. Possibly improving the patient’s outcome by having a holistic
approach should always be considered [8].

One of the strengths of the suggested intervention was the type of exercises cho-
sen for the patient: cranio-cervical mobility, cervical strengthening, postural train-
ing, jaw strengthening, relaxing, and eccentric control and tongue strength. Even
though the total number of exercises towards the end of the period of treatment was
more than what is suggested for adherence (should be a maximum of 2 exercises)
and here we had around 10 exercises, patient was still diligent and felt relief with
them [9]. Most of the exercises were strengthening exercises, which support the
literature which says masticatory muscle stretching for the jaw in SB is not efficient
and, in the contrary, could increase SB episodes during sleep [10]. Furthermore,
exercises targeting her posture and shoulder blade strength were also added under-
lying the positive effect that shoulder and neck muscles exercises can affect TMJ
pain [11].

Types of chosen technique to treat the patient was also a strength of this case
report. Manual therapy, here the specialization that has evolved within the field of
PT such as TMJ mobilization and soft tissue mobilization, has been validated many
times and is a viable and useful approach towards TMD management [5, 12—14]. In
addition, deep-stripping massage has been shown to improve PSQI and jaw mobil-
ity of the masticatory muscles compared with trigger-point pressure release mas-
sage and traditional treatment techniques in SB patients in a 2022 randomized
control study [5].

In PT, clinical recommendations are still being studied. A few recommendations,
however, exist and are summarized below according to the Strength of
Recommendation Taxonomy (SORT) for evaluating the strength of a recommenda-
tion based on a body of evidence and the quality of an individual study [15]. For
now, deep muscle stripping of masticatory muscles seems to be a great avenue to
improve pain and function in patient with concomitant SB [5, 11]—SORT A. Manual
therapy, a subspecialty in PT, is a viable, cost-effective, and reversible technique of
conservative treatment [14]—SORT B. Dry needling seems to be a promising
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avenue to decrease pain and tenderness of masticatory muscles as well as increase
maximal jaw opening and function [16]—SORT C. Kinesiotaping, an elastic cotton
strip with an adhesive is supported to ease pain and disability, is also an avenue to
be explored. Combination of manual therapy and kinesiotaping for management of
pain is effective, and more effective than manual therapy alone [17, 18] —SORT
A. Stress management is important as there is a link between stress and SB
[19]—SORT B.

Interventions made by other professionals are also strongly supported. Oral
appliances are the main supported treatment for SB, no matter the type. There is
more support for appliances that provide more mandibular advancement [20]—
SORT A. Pharmacological approaches (i.e., botulinum toxin, clonazepam, and
clonidine) may reduce sleep bruxism by their intrinsic action but placebo effect
cannot be excluded [20, 21]—SORT A. Botulinum toxin in itself seems to be an
acceptable short-term management technique to minimize symptoms and reducing
intensity of muscle contraction (yet not contractions themselves) , although more
studies are necessary [22, 23]—SORT A. Management of SB also involves treat-
ing any underlying sleep-disordered breathing (e.g., insomnia, snoring, sleep
apnea) or other movement disorders (e.g., periodic limb movement). Therefore,
polygraphic recordings might be necessary for certain cases [24]—SORT
B. Collaboration in presence of comorbid SB with dentists and psychologist with
expertise in sleep medicine may contribute to improve patients’ outcomes [8]—
SORT C. Future avenues are to be explored for SB such as transcranial magnetic
stimulation which has shown positive results to decrease pain until now [25]—
SORT C. However, more research on larger population and longer periods
is needed.

In conclusion, as physiotherapists, we are trained to treat main complaints and its
subsequent impacts. Even though a patient arrives to treatment with a prescription
for the treatment of a specific condition, here SB, it is very important to question
that diagnosis and emit a hypothesis of our own. In this situation, diagnosis was
correct, but it was necessary to consider alternative hypotheses that could result in a
similar clinical presentation. Furthermore, as physiotherapists, we must consider
collaborative management including dentists, psychologists, and sleep specialists in
cases such as reported above. By having a multidisciplinary approach, every aspect
potentially affecting the patient (i.e., stress, sleep disturbances, insomnia, and snor-
ing) and their chief complaint will be considered, and the patients will be provided
with the necessary tools to be manage their pain more successfully.
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Introduction

Bruxism refers to the unintentional grinding and clenching of teeth that occur dur-
ing both the day (diurnal) and night (nocturnal) [1]. It is regarded as one of the most
significant  parafunctional activities of the stomatognathic  system.
Temporomandibular joint dysfunction (TMD) and sleep bruxism lead to discomfort
and trouble with mouth opening. TMD’s causes and development involve various
factors, including emotional disorders (i.e., anxiety and stress), occlusal factors
(i.e., malocclusion and hard bite), the position of sleeping with the face towards
mattress or pillow, forward head posture, whiplash syndrome, inflammation result-
ing from cytokines, hypermobility, female hormonal factors, and parafunctional
habits [2, 3]. Symptoms of bruxism and TMD are abnormal tooth wear, pain and
difficulty opening the mouth, grinding or clenching of the teeth and their respective
sounds, swallowing difficulties, restriction of interincisal opening, decrease in sali-
vary flow, frequent coughing, the feeling of obstruction in the throat, gingival
inflammation, headache, ocular pain, limited mouth opening, tinnitus, the sensation
of the blocked ear, temporomandibular joint (TMJ) pain, clicking sounds, hypertro-
phy, and destruction of the masseter and temporal muscles [4]. One of the most
common symptoms is jaw clicking when opening the mouth, with oral muscle devi-
ation to one side, pain in the cheek muscles, and uncontrollable movement of the
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jaw. Neck problems can develop with pain in the shoulders and back, stiffness, and
limited jaw mobility (trismus). Facial changes can also be seen in patients with
bruxism, such as facial muscles atrophy or hypertrophy, and drooping of the corners
of the mouth [5].

There are different approaches to treating sleep bruxism, such as Botox, oral
devices, behavioral therapy, and medication [6—8]. While the occlusal appliance can
prevent teeth from wearing down during sleep, it doesn’t entirely eliminate the auto-
matic grinding or clenching, and it also doesn’t ease any related pain or discomfort
[9]. Sometimes it worsens the situation.

Manual treatment options may involve using mouthguards, dental restorations,
or occlusal splints combined with massage or physical therapy to ease muscle ten-
sion [10, 11], and to increase proprioception. Nonetheless, the most successful sleep
bruxism treatment relies on the cause and should be individualized. To date, there
are physiotherapeutic treatments focusing on sleep bruxism symptoms [12].
Physiotherapy and rehabilitation provide facial muscle control and restoration of
functionality and proprioception, being important in sleep bruxism treatment, with
time and cost advantages [13].

In this case report, we evaluated the effects of a hands-on approach (propriocep-
tive neuromuscular facilitation exercises (PNF), myofascial release techniques,
Rocabado’s 6 x 6 exercises, home exercises) for a 28-year-old patient with neck,
back, and TMJ pain and difficulty opening the mouth.

Patient Information

E.S.C., a woman, 28-year-old, diagnosed with bruxism at the Department of
Maxillofacial Radiology, Faculty of Dentistry, Inonu University, sought for treat-
ment for her sleep bruxism, neck and back pain, and difficulty opening the mouth.
Her body mass index (BMI) was 23 kg/m?.

Clinical Findings

During the initial examination, E.S.C. reported a resting pain score of 4.3, an activ-
ity pain score of 7.3, and a night pain score of 7.0. She was having pain at the mas-
ticatory, neck, trapezius, and back muscles, postural disorders (forward head,
thoracic kyphosis), facial asymmetry, and crepitation in TMJ during the past month
and denied systemic rheumatic disease or fibromyalgia, dental issues, or orofacial
pain disorders, TMJ disc displacement, osteoarthritis, cervical structural problems,
was not taking over-the-counter analgesics or using narcotics, hypnotic drugs, seda-
tives, or muscle relaxants.
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Diagnostic Assessment

E.S.C.s progress was assessed at the beginning and end of the 8 weeks using: mea-
sures for pain intensity, limitations of jaw movement, and oral behavior. The inten-
sity of pain was assessed utilizing a Visual analog scale (VAS), which measures pain
on a scale of 0 (no pain) to 10 (unbearable pain) [14]. Limitations of jaw movement
were measured by Jaw Restriction Scale, which include 8 items related to typical
mouth functions like chewing, yawning, swallowing, and smiling. Each item is
scored on a scale from 0 to 10, with 0 indicating no restrictions and 10 indicating
high restrictions. The total score on this scale ranges from O to 80. A score of 0
shows that no jaw restriction and a very good condition, while a score of 80 indi-
cates complete jaw limitation [4]. The Oral Behaviour Checklist (OBC) comprises
21 questions that inquire about harmful oral/parafunctional habits that can contrib-
ute to TMJ degeneration, hypertrophy of specific muscles, headaches, and other
issues like loss of muscle strength and pain in cervical vertebrae muscles such as
long colli, splenius, and scalenus. The checklist utilizes a 5-point Likert scale,
where respondents select one of the five responses ranging from never to always.
The total score for the checklist ranges from 0 to 84 [15].

Physiotherapeutic Intervention

PNF exercises, myofascial relaxation, Rocabado’s 6 x 6 exercises, and home exer-
cises including self-care program were performed for 6 days a week for 8 weeks. In
this protocol, a combination of isotonic techniques was employed, involving the use
of both concentric and stabilizing contractions.

The proprioceptive neuromuscular facilitation (PNF) technique began with a
concentric contraction of the targeted muscle, followed by maintaining the end
position for 6 s (isometric) while resisting against any movement (stabilizing con-
tractions) (Fig. 14.1). PNF therapy is a treatment method used for patients with
sleep bruxism that applies equal and symmetrical stimulation to all muscle groups,
using specific points of the muscles on the mouth, nose, and eyes. The goal is to
alleviate movement restrictions on the affected side by providing resistance with
forceful movements. This technique helps to distribute muscle strength. Bruxism
primarily affects the buccinator muscle and tongue movements, so coordinated
movements are applied to these specific areas using techniques like tongue depres-
sors and exercises that mimic laughing or sucking [16].

Massage therapy techniques used to release myofascial tension involved sliding
and kneading movements applied to the masseter and temporal muscles, as well as
the neck and upper trapezius muscles. The sliding and kneading maneuvers were
performed using hand and finger movements to help relax muscles that were co-
contracted [17, 18]. To alleviate myofascial tension, massage therapy techniques
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Fig. 14.1 Proprioceptive Neuromuscular Facilitation being applied on selected muscles of the
face. (Reprinted with permission from E.S.C.)

were employed, which involved the use of sliding and kneading movements on the
masseter, temporal muscles, as well as upper trapezius muscles, and neck area
(Fig. 14.2). These sliding and kneading techniques were carried out using hand and
finger movements, aimed at relaxing the muscles that were co-contracted. This was
followed by 6 sets of 6 repetitions at home under the guidance of a
physiotherapist.

E.S.C. experienced pain and difficulty with mouth opening. Therefore,
Rocabado’s 6 x 6 exercises and self-care exercises to alleviate pain and address vari-
ous muscles, including the masseter, lateral and medial pterygoid, buccinator, tem-
poralis, orbicularis oris, orbicularis oculi, the upper side of the trapezius muscle,
splenius, scalenus, and cervical extensor muscle, were performed [19, 20].
Rocabado’s 6 x 6 exercises were administered for 6 days per week for a total of
8 weeks. This program included 6 exercises, each with 6 repetitions, to be per-
formed 6 times a day. The content of Rocabado’s 6 x 6 exercises is: (1) rest position
for the tongue: to rest the tongue and jaw and to promote diaphragmatic breathing
in order to decrease activity of the accessory muscles; (2) shoulder posture: shoul-
der girdle retraction to correct abnormal scapular protraction; (3) stabilized head
flexion: distraction of the upper cervical spine to alleviate mechanical



14 Hands-On Approach for Patients with Pain and Difficulty Opening the Mouth 139

A R

Fig. 14.2 Myofascial release applications maneuvers for the upper side of the trapezius muscle,
splenius, scalenus, cervical flexor, and extensor muscles. (Reprinted with permission from E.S.C.)

compressions—this leads to the elongation of the posterior cervical muscles; (4)
axial extension of the neck: distraction of the cervical spine—this leads to tension
reduction in the supra and infrahyoid muscles and enhances the ability of the chew-
ing muscles to relax. This exercise helps the sternocleidomastoid muscle take a
normal posterior angulation, thus reducing unnecessary muscle activity to maintain
the position; (5) control of TMJ rotation: reducing translatory component when
initiating jaw movements (i.e., protrusive movement in mouth opening, talking, or
chewing), which leads to a reduction in masticatory muscle activity and joint over-
load; and (6) rhythmic stabilization technique, inducing muscle relaxation based on
the principle of reciprocal inhibition. When a muscle is actively contracted, its
antagonists are consequently relaxed. Rhythmic stabilization also enhances the
proper jaw rest position through proprioception [19].

Home exercises such as practicing facial expressions in front of a mirror, such as
blowing up a balloon, sending a kiss, raising eyebrows, and tightly closing eyes, as
well as self-care practices such as not chewing only on one side, avoiding exerting
force on teeth [21] and TMJ with hard objects, and not sleeping on one lateral side
[22] were recommended.
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Follow-Up and Outcomes

After implementing PNF, myofascial release, and home exercises, significant
improvements were observed in E.S.C. pain scores, jaw movements, and oral/para-
functional habits. Specifically, there were significant differences in the patient’s
resting, active, and night pain scores, which decreased to 1.0, 1.3, and 2.0 points,
respectively. The patient’s jaw restriction score was significantly reduced from 47
points during the initial evaluation to 24 points after the rehabilitation program.
Furthermore, there was a significant improvement in the oral/parafunctional behav-
ior measurements, with a decrease from 61 points to 23 points over the two-
month period.

Discussion

The objective of this case report was to explore the impact of PNF, myofascial
release, Rocabado, and home exercises on pain, jaw restriction, and oral/parafunc-
tional habits in a woman with sleep bruxism.

Earlier research has examined how the amount of myofascial exercise and home
exercise is linked to the sleep bruxism threshold. To improve sleep bruxism symp-
toms, a physical exercise involving moderate intensity and 3—4 sessions per week,
each lasting at least 30 min, has been recommended [8]. Based on the findings of the
present study, PNF, myofascial relaxation, and home exercise lead to a reduction in
TMIJ crepitation, pain, restricted jaw movement, and bad oral/parafunctional habits.
The use of PNF and myofascial relaxation is associated with increased local blood
flow and the normalization of muscle conditions, leading to a decrease in pain and
hypertrophy of the masseter, lateral, and medial pterygoid muscles [16, 20].

Exercises often require warm-up and cool-down phases, but in this case, they
were not emphasized. While experts recommend warm-up and cool-down periods
for exercises, they can be minimized for bruxism. Studies have revealed that exer-
cise affects the adrenocortical system, increases epinephrine transmission between
neurons, and boosts serotonin levels. As a result, exercise is considered a new bio-
logical approach to reducing the negative effects of bruxism [23, 24].

Myofascial relaxation and PNF have been shown to enhance the strength of
weight-bearing bilateral face muscles, including the temporalis, masseter, buccina-
tor, and lateral and medial pterygoid muscles [20]. PNF, Rocabado’s exercises, myo-
fascial relaxation, and home exercises decreased pain, restriction of jaw movement,
muscle hypertrophy, and increased strength of the facial muscles, upper trapezius
and extensor muscle of the neck, therefore increasing the well-being of our patient.

In an investigation comparing the effects of massage therapy and occlusal splint
in patients with sleep bruxism, the participants were allocated into four groups: mas-
sage, which included sliding and kneading hand and finger maneuvers on the mas-
seter and temporal muscles; occlusal splint; a combined, with massage + occlusal
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splint; and a control group. The combined treatment approach was found to provide
the most significant pain reduction [25].

Rocabado’s 6 x 6 exercises were investigated for myofascial jaw pain in a previ-
ous study. The Rocabado’s exercises were added to a self-care program and pro-
vided additional benefits in reducing myofascial jaw pain and improving forward
head posture [21]. The study involved 45 participants who were randomly assigned
to either self-care alone or self-care plus the Rocabado’s exercises. The primary
outcome measure was the intensity of jaw pain, while the secondary outcome mea-
sures included neck pain and changes in head posture. Both groups showed signifi-
cant improvement in jaw and neck pain, but with no significant differences between
the groups. Additionally, no significant improvements in head posture were observed
in either group within the 4-week study period. Therefore, the study concluded that
the Rocabado’s exercises did not provide any significant additional benefits in
reducing jaw and neck pain or improving head posture beyond self-care alone [21].
Therefore, in our case, Rocabado’s combined with PNF and myofascial release
played a significant role in decreasing pain and enhancing jaw mobility for E.S.C.,
contrary to the aforementioned investigation. More studies are warranted.

In conclusion, this case demonstrated that combined techniques of physiother-
apy (i.e., PNF, Rocabado’s 6 x 6 exercises, myofascial release and home exercise)
effectively decreased TMJ, neck and back pain, restriction of jaw movement, and
bad/parafunctional oral habits.
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Introduction

In this chapter, we will discuss the importance of a detailed analysis of the diagnos-
tic sleep study of a patient with obstructive sleep apnea (OSA) with hypoxemia. The
presentation of this case will emphasize the proper interpretation of polysomno-
graphic variables in order to optimize the proposed treatment.

Patient Information

L.A.N.is a woman, 70 years old, who sought for a sleep physician due to loud snor-
ing, witnessed apneas, morning headache, daily sleepiness and fatigue. She used to
go to sleep at 10 pm and wake up at 7:30 am. When asked, she reported that her
father, mother, and brothers used to complain of snoring as well. The snore symp-
tom used to be eventual and started to increase around the age of 60 years. The
tiredness got worse since 67 years of age. Besides that, the patient was having lack
of attention at work. In the past 10 years, she gained 15 kg. In addition to snoring
and apneas, her daughter also observes irritability and memory loss.
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Clinical Findings

Physical examination showed a body mass index (BMI) of 30.9 kg/m?, neck circum-
ference of 36 cm, and modified Malampatti [1] grade 3, indicating a higher risk of
OSA. Epworth Sleepiness Scale [2] score was 11 points indicating excessive day-
time sleepiness and STOP-BANG [3] score was 5 indicating a higher risk of
OSA. The patient was already in treatment for hypertension, dyslipidemia, and
arrhythmia.

Diagnostic Assessment

As the sleep specialist suspected of OSA, L.A.N. underwent a type I sleep study.
She considered the night of the exam similar to her daily nights at home. Table 15.1
and Fig. 15.1 show the relevant data resulting from the polysomnography exam:

Table 15.1 Polysomnographic data

Sleep latency 67 min

Rapid eye movement (REM) latency 86.5 min

N1 sleep stage 13.5%

N2 sleep stage 51.2%

N3 sleep stage 20.1%

REM sleep stage 15.2%

Arousal index 17.7 per hour of sleep

Wake after sleep onset (WASO) 97.2 min

Apnea-hypopnea index (AHI) 40.8 events per hour of sleep
Obstructive apneas 70

Mixed apneas 5

Central apneas 0

Hypopneas 104

Oxygen desaturation index (ODI) 17.9 per hour of sleep
Mean and nadir SpO, 94% e 58%

Time with SpO, < 90% 51.2 min, 20% of sleep time
Periodic leg movement index 1.3 per hour of sleep
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Fig.15.1 Polysomnography graphic data. (With permission from L.A.N.) Sleep latency and wake
after sleep onset (WASO) are increased. REM sleep stage is diminished, and NREM N1 sleep
stage is increased. High number of obstructive apneas and hypopneas associated with significant
desaturation while in REM sleep stage and arousals while in NREM sleep stages are presented.
(Original Figure)

Physiotherapeutic Intervention

Before establishing the appropriate therapeutic approaches for a patient with sleep
disorders, a careful analysis of the diagnostic exam is essential. Observing the sta-
tistical data is possible to notice an increase in sleep latency (time from lights out
until the first epoch of any stage of sleep), and in wake after sleep onset (WASO),
and a decrease in the percentage of REM sleep. To exclude a possible laboratory
effect, it is essential the patient evaluation certifying that the night of the exam is
compatible with the nights at home.

Once increased sleep latency and increased WASO may suggest insomnia, which
can be an obstacle to positive pressure adherence and demand interdisciplinary
treatment, we proceed to the analysis of the respiratory variables. By looking only
at the AHI, we are limited to the information that this is a patient with severe
OSA. However, the perception of possible different endotypes and phenotypes in
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Compliance Statistics

Start Date - End Date 10/17/2022- 1/14/2023

Total Days Device Used 6 day(s) (100%)

Total Days Device Not Used 0 day(s) (0%)

Days Device Used > =4 hrs 6 day(s) (100%)

Average Used (Days on Therapy) 08 hr(s) 25 min(s)
Average Used (All Days) 08 hr(s) 25 min(s)
Total Run Time 50  hr(s) 30 min(s)

Efficacy Statistics
(All efficacy statistics are averages over the report period.)

AHI 1.8

CAl 0.1

Apnea Length 12 s
Average Pressure 4.0 cmH20
90th Percentile Pressure 5.0 cmH20
% Time at Maximum Set Pressure 0 %
System Leak 28.0 L/min
90th Percentile System Leak 37.0 L/min
% Time with Excessive Leak 2 %

Fig. 15.2 Home titration data. (With permission from L.A.N., Original Figure)

the same patient is essential. In the above case, we only have hypopnea events,
mostly validated by arousal, when the patient is in NREM sleep, suggesting a low
arousal threshold. In REM sleep, most of the obstructive events are obstructive
apneas accompanied by significant drops in oxyhemoglobin saturation, suggesting
low muscle responsiveness endotype. These important changes are reflected by the
discrepancy between the AHI, ODI, and arousal index.

From these understandings, we can formulate a clinical reasoning focused on a
treatment plan for this patient. The low arousal threshold, seen in NREM sleep,
could impact the patient adherence once continuous positive airway pressure
(CPAP) higher pressures may be needed to open the airway when in REM sleep.
After ergonomic instructions, it was agreed with the patient that lateral decubitus,
which was not documented on the night of the exam, would be the posture to be
adopted whenever possible. So, we would increase the possibility of controlling
respiratory events, especially in REM, with lower therapeutic pressures. The patient
underwent home automatic titration with a PAP device, with automatic mode acti-
vated, minimum pressure of 4.0 cmH,0 and maximum pressure of 12.0 cmH,O, and
nasal mask. Expiratory pressure relief was off and a pressure relief guided by awake
was on. Figure 15.2 shows the statistical data of the titration nights.

As can be seen, the AHI was normalized with CPAP of 5.0 cmH,0. The patient
used the device all night from the first night of use with good adaptation to the
nasal mask. The association of positional therapy and positive pressure therapy
allowed that possible discomfort arising from the different pathophysiological
mechanisms involved in this patient’s respiratory disorder (i.e., low awakening
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threshold in NREM and low muscle responsiveness in REM endotypes) to be
annulled.

Discussion

Until a few years ago, the AHI was the most important variable to be considered
when a polysomnography was analyzed by the respiratory point of view. This vari-
able, which represents the number of apnea and hypopnea events that occur per hour
of sleep, determines the OSA severity and, consequently, the most appropriate ther-
apeutic interventions. In recent years, other variables proved to be equally important
to better conduct the treatment of patients with OSA. The percentage of time during
sleep with an oxygen saturation below 90% established its clinical importance as a
better cardiovascular risk marker when compared to the AHI [4]. The determination
of the different phenotypes and endotypes of OSA, described by authors such as
Subramani et al., allowed a better understanding of the pathophysiology of the dis-
ease that affects each of the patients and, therefore, the personalization of conducts
and therapeutic objectives [5]. Recently, the development of variables such as
hypoxic load tends to further optimize precision medicine [6].

A retrospective study compared patients who underwent manual titration com-
bining positional therapy to CPAP versus CPAP only [7]. Patients titrated with com-
bined therapies had higher BMI, higher neck and waist circumference, lower nadir
SpO,, and spent more time with SpO, < 90%. The authors concluded that positional
therapy plus CPAP was an effective solution for difficult to treat patients, such as the
one in our case report.

It is of fundamental importance that the sleep physiotherapist follows the updates
of scientific knowledge that allow greater precision in the adoption of therapies and,
consequently, greater effectiveness and adherence by the patient.

Patient Perspective

L.A.N. reported that she felt better since the first night of CPAP usage. She was not
sleepy anymore and the tiredness was solved as well. Her daughter mentioned that
L.A.N. was not snoring anymore and even her face seemed more rested.
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Chapter 16
Be Aware or You Will Be Mistaken: It Is
Not Only CPAP!

Flavia B. Nerbass @ and Liliane P. S. Mendes

Introduction

An average of 56% of patients with obstructive sleep apnea (OSA) have position-
dependent obstructive respiratory events (POSA), mainly in the supine position [1].
POSA is commonly defined as a difference of 50% or more in apnea-hypopnea
index between supine and non-supine positions [2] showed in polysomnography
(PSG) report [3]. However, the OSA severity in different body positions is some-
times ignored by the by clinicians, because it can be masked by an elevated overall
apnea-hypopnea index (AHI) (indicating globally moderate or severe OSA), mainly
when the patient complains of tiredness, loud snoring, daytime sleepiness, etc.
Moreover, these variables are not always available in PSG report. However, for
those patients with POSA, positional therapy becomes an additional viable treat-
ment option [3]. This chapter reports the case of a patient with severe symptomatic
OSA showed by overall AHI on PSG, which was effectively resolved with posi-
tional therapy.
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Patient Information

A 63-year-old, obese (body mass index [BMI] 30.1 kg/m?), hypertensive, woman
presented with hyperglycemia and osteoporosis. She complained of snoring (mainly
in the supine position), waking up coughing, choking, and sometimes presenting
nocturia. She reported fragmented sleep, maintenance insomnia, waking up tired,
daytime sleepiness, sleep bruxism, nocturnal gastroesophageal reflux, memory
impairment, and mood swings (mainly irritability and discouragement).

Diagnostic Assessment

Her baseline PSG showed fragmented sleep (arousals 50.5 ev/h), mainly in the first
2 h after sleep onset, and reduced rapid eye movement (REM) sleep time, as shown
on the hypnogram (Fig. 16.1). The patient was diagnosed with severe obstructive
sleep apnea (overall AHI = 72.3 ev/h), presented mean oxygen saturation (SatO,) of
93%, time of saturation <90% of 11.6 min, and lowest SatO, of 83%.

She came to our service to adapt the continuous positive airway pressure (CPAP)
therapy, but was very uncomfortable with the possibility of long-term CPAP use.
However, in our assessment, we identified in her baseline PSG, a higher AHI only
in the supine position. She remained almost the entire time of sleep in supine posi-
tion, when she turned to the right side decubitus; she promptly reached REM sleep

N1 1

N2 1

N3 1

22:27:36 00:00 01:00 02:00 03:00 04:00 05:00

Fig. 16.1 Baseline PSG hypnogram showing successive awakenings and sleep stages shifts,
mainly between N1 and N2 in the first 2 h after sleep onset. In addition, we observe few opportuni-
ties to reach REM sleep stage, and NREM N3 sleep stage. (D awake, N/ NREM N1 sleep stage,
N2 NREM N2 sleep stage, N3 NREM N3sleep stage or slow wave sleep, R REM sleep stage).
(Original figure)
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Fig. 16.2 Data from baseline polysomnography showing from top to bottom: SatO,, body posi-
tion, central events, obstructive events, mixed events, hypopnea events, limb movements, arousals,
and hypnogram. The red box shows when the patient turns to the lateral decubitus (right), achiev-
ing REM sleep stage and slow wave sleep stage, with very few respiratory hypopnea events. S
supine, R right, ACs central sleep apnea, Aos obstructive sleep apnea, AMs mixed sleep apnea,
Hipos hypopnea, Mov per periodic limb movement, despertares arousals, D awake, N/ NREM N1
sleep stage, N2 NREM N2 sleep stage, N3 NREM N3 sleep stage, R REM sleep stage.
(Original figure)

stage (which commonly manifests more obstructive events, due to muscle atony),
and NREM N3 sleep stage, as shown in the red box (Fig. 16.2). Additionally, in the
right side decubitus, her AHI reduced to 6 ev/h as compared to 87.8 ev/h in the
supine position (Table 16.1).
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Table 16.1 Data from baseline PSG comparing sleep parameters according to the body position
Body Time |Sleep |REM |SWS |CA OA |MA |Hyp |AHI Desaturation
position | (min) | (%) (%) (%) # | #H | #H (ev/h) | (#)

Left - - - - - - - - - -
Prone - - - - - - -
Supine 3524 854 6.2 13.7 |2 175 |3 260 | 87.8 372

Supine 4.8 0.0 0.0 0.0 0 0 0 0 0.0 0
left

Right 71.7 97.8 349 448 6.0 7

Supine 0.1 100.0 0.0 100.0 |0 0 0 0 0.0 0
right

—
(=]
=]
@)}

Min minutes, Sleep total sleep time, REM rapid eye movements, SWS slow wave sleep (N3 NREM
sleep stages), CA central apnea events, OA obstructive apnea events, MA mixed apnea events, Hyp
hypopnea, AHI apnea-hypopnea index, # number of events, ev/h events per hour

Fig. 16.3 Illustrative
image of the homemade
positioning pad used to
treat positional apnea, and
also to perform
polysomnography.
(Original Figure)

Physiotherapeutic Intervention

After detailed anamnesis and baseline PSG evaluation, and after considering her
symptoms, and comorbidities, we explained to the patient that CPAP is the first-line
treatment, but that her PSG data were very consistent with POSA. In this way, there
was the possibility of testing a positional therapy device, mainly because she
achieved REM sleep, and slow wave sleep, with respiratory events correction when
she assumed the lateral decubitus (right). Therefore, she agreed to test the positional
treatment. Thus, we recommended her to wear a positioning cushion (Fig. 16.3),
and suggested that she sleep in lateral decubitus for 30 consecutive days to adapt. A
new PSG wearing the positional therapy device (PTD-PSG) was performed after
this period.
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Follow-Up and Outcomes

The patient followed our instructions and performed a new PTD-PSG, in right lat-
eral decubitus 1 month after PTD training started. The comparative results are
shown below in Table 16.2. After PTD device treatment, there was a significant
reduction in arousals events and in the percentage of time in light sleep (N1). In
addition, there was an increase in the percentage of slow-wave sleep (N3) with
small changes in REM sleep.

Table 16.3 shows respiratory-related data from baseline PSG and PTD-
PSG. Wearing a positional device resulted in a normal overall AHI (1.4 ev/h) as well
as during REM (4.3 ev/h), and NREM sleep (1.0 ev/h). The lowest saturation
increased from 85% on baseline PSG to 92% on PTD-PSG, and the time saturation
<90% reduced from 11.6% on baseline to 0.1% of total sleep time on PTD-PSG.

Comparative scenario between basal PSG and PDT-PSG is depicted in Fig. 16.4.
The change from supine to lateral decubitus normalized respiratory events, stabi-
lized oxygen saturation, and promoted improvement in sleep architecture, with
fewer awakenings, less time spent in light sleep, and more time spent in slow wave
sleep stage.

After 30 days wearing the PTD, the patient reported improvement in symptoms
of snoring, waking up coughing, choking, and nocturia. She improved the quality of
her sleep, still had insomnia, but woke up less tired, and reduced the daytime sleepi-
ness. There were no more episodes of nocturnal gastroesophageal reflux; she main-
tained complaints of memory impairment, and her mood was more stable.

Table 16.2 Sleep architecture according to baseline PSG and PTD-PSG

NINREM  |[N2NREM  |N3NREM | REMSleep | Arousals
(%) (%) (%) (%) (ev/h)
Baseline 6.5 59.6 21.7 12.7 50.5
PSG
PTD-PSG | 1.5 58.4 29.3 10.8 6.5

PSG polysomnography, PTD-PSG positional therapy device polysomnography

Table 16.3 The respiratory- Baseline PSG | PTD-PSG
related data from baseline Overall AHI (ev/h) 723 1.4
and PTD-PSG
AHI REM (ev/h) 49.8 43
AHI NREM (ev/h) 75.6 1.0
AHI supine (ev/h) 87.8 0.0
AHI nonsupine (ev/h) | 6.0 1.4
Medium SatO, (%) 93 93
Lowest SatO, (%) 83 92
Time SatO, < 90% (%) | 11.6 0.1

AHI apnea-hypopnea index, PSG polysomnography,
PTD-PSG positional therapy device polysomnography,
SatO, oxygen saturation
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Fig. 16.4 The box on the left side shows the summary from baseline PSG, and the box on the right
side shows the summary from PT-PSG. We can observe in the PT-PSG, that the patient remained
the entire time sleeping in the right body position, presenting very few respiratory events and
reaching slow wave sleep (N3) and REM sleep earlier compared to baseline PSG. (S supine, R
right, ACs central sleep apnea, AOs obstructive sleep apnea, AMs mixed sleep apnea, Hipos hypop-
nea, Mov per limb movement, despertares arousals, D awake, R REM, N/ NREM NI sleep stage,
N2 NREM N2 sleep stage, N3 NREM N3 sleep stage. (Original Figure)

Discussion

This interesting case report shows a patient with very symptomatic severe OSA
identified on baseline PSG, who was referred for CPAP treatment. However, the
severe OSA was resolved with PTD avoiding supine position. Existing evidence
points to POSA being attributable to gravity action, unfavorable airway geometry,
reduced lung volume, and inability of airway dilator muscles to adequately compen-
sates the airway collapse [4]. It is reasonable to understand that in supine position,
the airway is more prone to collapse due do the action of the gravity. Moreover,
flow-field computation analysis demonstrated that changes in soft palate displace-
ment and sidewall deformation, when assuming supine position, may generate
altered pressured gradients in the velopharynx, and therefore increase the propen-
sity to collapse [5]. Lung volume is another important variable in sleep apnea as it
influences upper airway stability, via caudal tracheal displacement, causing changes
in upper airway tissue pressure [6]. It is known that supine position reduces func-
tional residual capacity, total lung capacity, expiratory reserve volume, and vital
capacity [7]. It was also demonstrated that move from supine to lateral position,
increases functional residual capacity, expiratory reserve volume, and lung compli-
ance [8, 9]. Therefore, the supine position may reduce tracheal traction, making the
airway more collapsible. Finally, the activity of genioglossus is increased in the
supine position, when tongue position secondary to genioglossus contraction will



16 Be Aware or You Will Be Mistaken: It Is Not Only CPAP! 157

maximally enhance upper airway caliber [10]. However, the magnitude of this
response has not been yet quantified in patients with POSA [4].

In this specific case, we used a simple homemade PTD cushion, and our great
results are in line with previous studies, and metanalysis recommending various
PTD techniques [1], as well as new generation of PTD [11]. It is important to
emphasize that the possibility of PTD was raised after detailed observation of her
baseline PSG, identifying a short period without events, even in the presence of
REM sleep and slow wave sleep, when patient turned to lateral decubitus. An impor-
tant precaution is to check by PSG whether the proposed treatment has been effec-
tive in correcting respiratory events, hypoxemia, and improving sleep quality, and
symptoms both acutely and in a long-term follow-up.

A follow-up was carried out to ensure that the patient was still compliant with the
treatment and that treatment remained effective. Our team recommended the patient
to maintain the PTD use, because in its absence, turning in the supine position the
respiratory events and symptoms would return. Additionally, as sleep apnea is a
condition that can increase with age, a control PSG to check whether the treatment
remains adequate should be performed periodically, especially if the patient pres-
ents weight gain, introduction of some sedative or hypnotic medication, and if there
is worsening of symptoms. Our patient continues to undergo semiannual follow-up,
and continues to be clinically stable, and well-treated with PTD.

In conclusion, this case demonstrates that the detailed observation of the PSG
allows other effective treatment possibility, and the periodic follow-up of the patient
made all the difference in the successful outcomes and treatment compliance.
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Chapter 17
Nocturia, Enuresis, Sleep Fragmentation,
and Embarrassment

Cristina Frange ®

Introduction

Both nocturia and nocturnal enuresis are symptoms of obstructive sleep apnea
(OSA) in adults [1]. Pathological nocturia is defined as the need to wake at night to
void (>2 times), with each void preceded and followed by sleep [2], and is com-
monly reported as a cause of sleep disturbance. The effect of nocturia on sleep is
harmful, as it increases the risk of falls [3]. Some argue that nocturia is comparable
to snoring in screening for OSA, with high sensitivity (>80%) and positive predic-
tive value (>80%) [4]. It is also known that the prevalence of nocturia increases with
the severity of obstructive sleep apnea (OSA) [5].

Nocturnal enuresis is an involuntary urinary incontinence happening during
sleep [6] and can also be triggered by OSA. Hypoxia, hypercapnia, acidosis, nega-
tive pressure breathing, and episodic bursts of sympathetic stimulation are condi-
tions created by OSA [7] that negatively impact on the pathophysiology of
pathological nocturia and nocturnal enuresis.

Those urinary symptoms are extremely bothersome. Nevertheless, evidence
points out that more than half of the women did not seek help, while more than a
third would like to be inquired about urinary symptoms by their health care provider
[8]. The difficulties of reporting those symptoms include embarrassment, shame,
stigma, the thinking that nocturia is usual and increases with aging, and the thoughts
that there is no treatment for nocturia and enuresis [9, 10]. The purpose of this case
report is to raise awareness of nocturia and nocturnal enuresis as being potential
symptoms of OSA, particularly in women.
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Patient Information

D.S.V,, a 64-year-old woman, was referred for sleep physiotherapy by her sleep
medicine physician with severe OSA for positive airway pressure (PAP) titration
and treatment. She sat in front of me with her polysomnography (PSG) and looking
very anxious. She had just discovered that she had OSA. She had an appointment
with a sleep medicine physician, indicated by a friend of her, searching for help for
an embarrassing situation and found OSA. She was concerned about her what was
happening during her sleep, not about OSA. During the past 6 months, she started
voiding during sleep and used to wake up wet. Her primary concern was that her
new boyfriend would notice the bed was wet. Her boyfriend was waiting for her at
the reception, and she was speaking very quietly and softly. She was at the post-
menopausal stage (menopause happened at 50-year-old, and she denied hormonal
therapy). She reported going to the foilet about 4 times each night, even having her
last ingestion of water at 18:00. She said she went to bed at midnight and woke up
at 8:00. But she was so afraid of sleeping and voiding that she has been waking up
every time to check if the bed was wet, having a lot of sleep fragmentation (symp-
tom that she denied before this worry). She started crying and claimed for help. She
was using levothyroxine for her hypothyroidism, and a vitamin supplement to
replace calcium and vitamin D, prescribed by her gynecologist. She was sedentary
at the time and had four grown-up children. She didn’t tell anyone about nocturia
and enuresis episodes—not even the physician! She denied medical problems (no
report of hypertension, diabetes, dyslipidemia, no urinary urgency, and daytime
incontinence), and past interventions, except plastic surgeries. She was asymptom-
atic for her severe OSA, except for nocturia and tiredness during the wake period.
Indeed, the physician referred to physiotherapy treatment, as OSA rarely occurs in
isolation.

Clinical Findings

She reported poor sleep quality, waking up not feeling refreshed, not rested, with a
dry mouth, and having the feeling that she did not sleep the entire night for the past
month. The enuresis happened twice last month—but she managed her boyfriend
didn’t notice it (she even did laundry during the night so he would not see her night-
dress wet. She denied diurnal somnolence. At physical examinations, she presented
with normal neck circumference, no leg edema, and eutrophic, with Mallampati
classification of I (soft palate, uvula, and pillars were visible) [11].
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Diagnostic Assessment

D.S. Vs basal PSG showed—total sleep time (TST): 339 min (reference values for
TST is variable); sleep efficiency: 87.8% (the ratio of total sleep time to the total
amount of time spent in bed in percentage, reference value >85% of TST [12]),
sleep onset latency: 10.5 min (the length of time in minutes it takes to transits
from wake to sleep, <30 min [12]), rapid eye movement (REM) sleep latency:
83 min (the length of time in minutes to enter REM sleep stage, 90—120 min [12]),
wake after sleep onset: 36.5 min (the amount of time in minutes spent awaking
after sleep has been initiated, sleep fragmentation, up to 30 min [12]), stage
NREM NI sleep: 14.2% of TST (up to 5% of TST [12]), stage NREM N2 sleep:
48.1% of TST (45-55% of TST [12]), stage NREM N3 sleep: 26.6% of TST (up
to 23% of TST [12]), stage REM sleep: 17.1% of TST (20-25% of TST [12]),
arousal index: 26 events/hour (the number of awakenings per hour), periodic limb
movements index (PLM): O (number per hour of involuntary movement of limbs
during sleep (<15 ev/h [12]), apnea-hypopnea index (AHI): 58.4 ev/h (mean num-
ber of apneas and hypopneas per hour of sleep (<5/h [12]), being central apneas:
5.5 ev/h, obstructive apneas: 6.2 ev/h, obstructive hypopneas: 46.4 ev/h, with
maximum duration of 22 s, 30 s and 41.5 s, respectively. Percutaneous oxygen
desaturation (SpO, < 90%): 81%, with greater desaturations in NREM (293
events) compared to REM sleep stage (72 events). The respiratory events were
related to supine position, as she slept only in supine during PSG examination due
to discomfort with the electrodes, wires, etc. Snoring was presented for about 30%
of PSG examination.

She was referred to her gynecologist and an urogynecology physiotherapist for
the investigation of probable other causes of nocturia and enuresis (i.e., urologic
disorders, aging of the bladder). After some examinations such as voiding diary and
electromyographic evaluation, she presented no signs of incontinence. Her subjec-
tive perineal contraction was presented, as grade 2 diaphragmatic hypertonia. The
exams found dyssynergia between pelvic floor muscles and abdominal muscles,
positive reflexes with no apparent prolapse, and the capability of sustaining contrac-
tion time of perineal muscles of 5 s, presenting muscle fibrillation after that.
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Physiotherapeutic Intervention

We performed at home PAP titration investigation for 17 days, with adhesion of
88%, meaning that D.S.V. used PAP with automatic pressure (APAP) for more than
4 h/night, for at least 70% of these 17 nights. Before the APAP titration, she had a
long consultation explaining the objectives of the treatment and education about
sleep, OSA, and PAP therapy. After this education, she tried 2 masks, individually
chosen, and felt comfortable with the tube-up pillow mask. We then tried the PAP
for the first time, with the lowest pressure of the device (4 cmH,0) and humidifica-
tion on, beginning with desensitization strategies (i.e., having the pressure in each
hand at a time, each finger and letting the patient understand the pressure (even with
no scientific evidence, some argue that this desensitization strategy happens because
in the somatosensory areas of the cortex, according to the Penfield homunculus, the
lips, mouth, and noose representation areas are closer to the hand and finger repre-
sentation areas—but this information warrant scientific confirmation). Then
D.S.V. tried the pressure closer to her nose but without the mask, and only when she
felt confident and ready, we tried the mask with the device pressure on a sitting posi-
tion. At that time, I was explaining to her the sensation of the pressure with that
specific mask in her nose, her throat. I showed the lack of noise of the device, and
the humidification and when she felt comfortable, I asked her to lie down. After a
few minutes, she was asked to adopt her sleeping position. She stayed there for
about 20 min, as I was talking about the benefits of the OSA treatment and explain-
ing how nocturia and enuresis might be a symptom of her untreated severe
OSA. Lastly, the pressure was increased by 1 cmH,0, and let her try for a few min-
utes until it reached 11 cmH,O. She felt the increase but tolerated it well.

The PAP titration was done with an automatic pressure between 4 and 11 cmH,0,
with humidification, but with no respiratory relief and no ramp (because of her PSG
central sleep apneas, as we expected them to increase with the automatic pressure).
Home titration was accompanied via telemonitoring every day. During this titration
period, we were also in contact almost daily (via phone calls or messages through a
mobile phone app) to solve any problems that may have happened and to encourage
D.S.V. for using it. The APAP titration results can be seen in Table 17.1. After APAP
titration and with its results, the pressure was fixed at 6.4 cmH,0O, with no ramp and
no expiratory relief not to increase central sleep apneas, as mentioned. An overnight
pulse oximetry examination was performed, attached to the PAP device, and pre-
sented with SpO, > 90% during sleep time with CPAP.



163

17 Nocturia, Enuresis, Sleep Fragmentation, and Embarrassment

U/ g SeMm YSBW pue 90IA9P USOYD AY) J0J a3eyed] [eurioN 9[nuadiad yice Jyice ‘@mssaid Aemire aanisod onewoine gygy ‘AyderdouwosAjod Hgg

ST =duso ¥'vC=dWso 6'8C =dWso L'Te= dWs6 8'8C =dWe6 L9¢=
'S = URN 9°¢ = UBN Ly = U 79 = U ‘8°01 = UBSN duIS6 ‘6°ST = U\ - (urwyT) yeag
(amoy
/SIUAD VYY) [esnote
€0 1’0 1’0 0 1’0 0 | parefas suoyo Arorendsoy
(INOY/SIUAAQ)
0 L'l 8T I'¢ LT 8¢ GG xoput seaude [enuo)
(INOY/SIUAA) XpuIl
01 10 Sl Sl 'l 01 +op eoudodAy aAnonnsqO
(INOY/SIUAAQ)
0 60 0 10 70 L0 79| xopur seaude aAnonNsSqQO
(INOY/SIUAAQ)
e 6C 9Y (34 Y 08 86 xopur eoudodAy-eoudy
0] ‘wnwixew :6'g
¥'9 9 79 ¥'9 $'9 | :dWS6 L9 urdW [ [~ (O*HwO) amssaid 20142
120¢/9°4
€C0T/UPIBIN/ST | TTOT/USTBIN/OE 12021das/80 120¢/Inf/01 12021y /ee 124V /50-TeIN/6 1 /01 areq
yiuowr yiuowr qluowr quow Syoam ¢ uonenn 0Sd
PUZZ 9 UOISSAS | U] G UOISSAS | UMNOJ 7 UOISSAS | PIIY) € UOISSIS 7 UOISSaS dVdV | uoIssag [eseg

S18K 7 18Iy 9} JOJ JUaueal) Jvd JO UONN[0Ad pue ‘(] UOIssas) uonenn Jydy ‘wexa KydeiSouwosKjod [eseq woij ejep K101endsay [°L] dqeL



164 C. Frange
Follow-Up and Outcomes

We faced some situations during the APAP titration and the beginning of the treat-
ment, such as worsening of her dry mouth complaints due to air leakage from the
mouth (solved with a small surgical tape to seal the lips), the uncomfortable “cold”
she felt with the pressure (she stated having a cold nose, we changed to a heated
circuit), and air leakage from the mask, solved adjusting the mask at a nighttime
hour, and new pillow, all solved with a video call. After all these were addressed,
she was expected to have her first session at 1 month interval from the ending of
APAP titration and the “official” beginning of treatment with fixed pressure (con-
tinuous PAP, CPAP). She had no dayitime symptoms and no residual AHI.

After 3 weeks of treatment, she called after waking up and came into my office
at the first time in the afternoon, desperate and complaining of another episode of
sleep enuresis—feeling very embarrassed and ashamed—but she managed not to
wake up her boyfriend. As her examinations were all normal, with no symptoms
except enuresis, even nocturia ameliorated from 4 times per night, to once each
night, no residual AHI (Table 17.1), and O, saturation within normal parameters,
flow curve analysis was within normal parameters, she was explained that CPAP
was still working, that it could take some time for her body to reach proper homeo-
stasis again, with no OSA and its consequences. [ wanted to see her within 3 months,
but if she needed me, I was there before the scheduled date.

I saw her after 3 months, and she said she was sleeping much better, enuresis
episodes did not happen during this time, and nocturia disappeared. She denied
sleep fragmentation. We adjusted the leakage of the mask by regulating the mask,
by tying her long hair in a ponytail, and then letting her hair down. We did a fourth
session in 1 month time because she wanted to tell me that she was getting married
and was worried about enuresis happening again. We checked all the data of OSA
treatment with PAP, and as there were no daytime symptoms or complaints, and
everything was under normal values, she was comforted that she was treated. She
was then explained about the importance of physical exercise and asked to join
hydrotherapy, which she said to like it. She was explained that physical exercise
would help the treatment of OSA, and would help with strengthening the muscles
for well-being and health.

The fifth session happened after 6 months, and she was with no AHI residual
events, and no leaks or any other troubles to solve. The physiotherapeutic session
was scheduled for 1 year time, and she presented with the same pattern, except for
a slight increase of leakage of the mask, worn out—we changed it to a new one of
the same type. She did not have any episodes of both, nocturia or enuresis for the
entire year. And got married meanwhile—although her boyfriend, now husband,
still doesn’t know about those bothersome episodes of her life. During the treatment
period, the physician received the reports and participated in her treatment.
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Discussion

The nocturnal enuresis and nocturia presented by D.S.V., in this case, were an
evoked response to conditions of negative intrathoracic pressure, due to inspiratory
effort against a closed or obstructed airway. This case was an interesting one since
D.S.V. presented with no OSA symptoms but was suspected of any sleep-related
disease, because of symptoms happening during sleep. That was the main reason
she searched for help, but at her physician consultation, she was not able to speak,
embarrassed and ashamed of her bothersome condition. The physician without
knowing the symptoms ordered a PSG and found a severe OSA and referred her to
sleep physiotherapy.

One of the features of airway obstruction is paradoxical breathing, when there is
a reversal of the movements of the chest and abdomen caused by the diaphragmatic
effort presented against a closed glottis or an obstruction. This is seen when, in an
inspiratory effort, the chest is depressed, and the abdomen is inflated. An event of
OSA starts with narrowing or occlusion of the upper airway and ends with the open-
ing of the upper airway, after sleep arousal [13]. Throughout one obstructive apnea
event, various diaphragmatic contractions can happen, without air exchange. These
intrathoracic changes lead to an increased systolic transmural pressure, accompa-
nied by a left ventricular overload [14]. Venous return to the right atrium is then
increased, triggering distention of the right ventricle. This distention produces a
shift toward the left side of the interventricular septum, impairing left ventricular
diastolic and reducing stroke volume [14]. These intrathoracic changes lead to the
secretion of atrial natriuretic peptide (ANP), by the right atrium, followed by a high
nocturnal urine output due to natriuresis [3, 15]. The mechanism for this natriuretic
response is the release of ANP due to cardiac distension caused by the negative
pressure environment. This cardiac hormone, ANP, increases sodium and water
excretion and inhibits hormone systems that regulate fluid volume, vasopressin, and
the rennin-angiotensin-aldosterone complex.

Left ventricular afterload also happens because of hypoxia and hypercapnia
through stimulation of the sympathetic nervous system. Besides this disturbance in
body water homeostasis, OSA can affect bladder function directly, as the intermit-
tent, exaggerated, and rapid changes in intrathoracic pressures may transmit these
changes to fluid-filled abdominal organs, such as the bladder. Investigations of these
acute urodynamic changes found correspondence with respiratory efforts during
OSA episodes [16].

Treatment of OSA has been shown to reduce or eliminate nocturia and enuresis.
An individualized treatment, active listening, daily follow-up, and quick resolution
of all issues that arose during the CPAP treatment created a friendship between us.
Furthermore, the resolution of these bothersome symptoms after CPAP treatment
can provide patient satisfaction and reinforce treatment compliance.
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Chapter 18
Sleep Attack During Marriage:
Narcolepsy? Apnea? Or Both?

Sofia F. Furlan @

Introduction

Screening for excessive daytime sleepiness (EDS) in patients is not a common clini-
cal practice within health professionals, except for sleep specialists. EDS is a com-
mon symptom of many diseases, linked mainly with obstructive sleep apnea (OSA)
or hypersomnias, such as hypersomnolence syndrome or narcolepsy [1]. Around
50% of patients with OSA present EDS as a main symptom [2]. It is well estab-
lished that EDS increases the risk for car accidents and accidents at work [3].
Concomitantly, OSA can lead to the development of long-term cardiovascular dis-
eases when left untreated.

This is a peculiar case of a patient who could have his diagnosis of OSA mislead-
ing or overlapped by hypersomnias (i.e., narcolepsy or hypersomnolence disorder)
due to an EDS far above the normal range, associated with episodes of sleep attack
during the day—and even during his marriage! Here, we highlight the importance
of a speedy and accurate diagnosis, associated with a non-invasive treatment (con-
tinuous positive airway pressure, CPAP) [4]. The CPAP prescription, adherence,
and compliance avoided pharmacological treatments that could have side effects
and further impair the patient’s health and quality of life.
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Patient Information

J.PW., 37 years-old, male, married. The patient was admitted to the sleep laboratory
with complaints of EDS associated with involuntary and sudden unconscious sleep
attack episodes many times per day and every day. These episodes occurred during
traffic and everyday routine activities. He even had a sleep attack episode during his
wedding (Fig. 18.1). He also presented with loud and constant snoring, witnessed
respiratory pauses, slowed reasoning, and headache. J.P.W. had to park his car to
sleep several times at the traffic light with passengers inside. At the very moment
when the priest was taking the oath and he was supposed to say yes, the patient sud-
denly fell asleep, kept standing, and had to be awakened by the guests.

He was sedentary and without previously diagnosed cardiovascular history such
as hypertension, diabetes, dyslipidemia, heart diseases, and stroke. He used to be a
former smoker for a year. At that time, he was not in use of any medication.

Fig. 18.1 Patient

J.P.W. fell asleep during
his marriage, in upright
position. (Original figure.
Courtesy from reprinted
with permission from
J.P.W.)
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Clinical Findings

In the clinical examination, he presented weight of 149.25 kg, height 1.97 m, and
body mass index (BMI) 38 kg/m?; neck circumference: 50.5 cm; waist circumfer-
ence:125 cm, systolic blood pressure: 140 mmHg, and diastolic blood pressure:
83 mmHg. During the appointment, J.P.W. coudn’t be awake for 1 min, and dozed
off with eyes open. His wife, who was accompanying him, showed a video of the
J.P.W. sleeping at the altar at their wedding at the time of the “yes.”

Diagnostic Assessment

The objective and subjective diagnostic assessment of J.P.W. can be seen in
Table 18.1.

Even though he was diagnosed with OSA, there was still a clinical suspicion of
other sleep disorder overlapping OSA such as hypersomnolence syndrome or
narcolepsy.

There was an urge to treat J.P for OSA. If untreated, the patient could develop
long-term cardiovascular diseases, and short-term may engage in traffic accidents
during his work or day-to-day accidents due to his severe hypersomnolence. By
treating OSA, we expected to improve and maybe to abolish his daytime hypersom-
nolence. In case of residual symptoms, we would further conduct investigation for
possible hypersomnias.

Table 18.1 Baseline sleep data

Variables ‘ Findings ‘ Variables ‘ Findings
Polysomnography

Time of registration (min) 436.9 Minimum SpO, (%) 63
Total sleep time (TST, min) 397 Average SpO, (%) 85.1
Sleep efficiency (%) 90.9 Total time SpO, < 90% (% TST) 71.26
Sleep onset latency (min) 109 Total time SpO, < 80% (% TST) 25.1
Rapid eye movement (REM) sleep |13 Number of obstructive apneas 445
latency (min)

Awakening index (events/h) 118.6 Number of mixed apneas 275
Apnea and hypopnea index (AHI) | 118.2 Number of central apneas 20
(events/h)

Baseline SpO, (%) 96 Number of hypopneas 42
Snoring Intense

Sleep questionnaires

Epworth sleepiness scale 24 points

Berlin questionnaire High risk for OSA
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Physiotherapeutic Intervention

It was decided by the sleep health team to initiate treatment with CPAP immediately
and as a matter of urgency, with the aim of maintain upper airways open and pro-
moting adequate repositioning of throat and tongue muscles, preventing them from
falling due to excessive muscle relaxation during sleep; increase SpO, to levels
within normal ranges during the sleep period; decrease/abolish excessive daytime
sleepiness and abolish snoring; restore mood in activities of daily living; eliminate
the risk of traffic accidents and prevent cardiovascular events in the long term [5],
and, after the response of this treatment to evaluate the residual symptoms.

The CPAP adaptation and home titration were performed by a sleep physiothera-
pist. J.P.W. received education about sleep and OSA, its long-term risks when
untreated, as well as the effectiveness of CPAP treatment, the importance of its use
and proper cleaning of device and mask. He tried different types of nasal masks, and
we defined a comfortable one according to his reports, of adequate size and which
did not present unexpected leakage. The patient received an automatic CPAP A-flex
for 1 week (automatic CPAP A-flex—This modality is set up to vary the pressure of
the CPAP machine during the nigh—always seeking to eliminate apnea events,
besides, present an expiratory relief technology during the expiration to improve the
comfort, if necessary). Although he was very sleepy, when were asked about how
long he took to fall asleep after lying down to sleep, he reported around 30 min,
showing a misperception of sleep (please, verify sleep onset time in Table 18.1).
The initial CPAP setup was automatic mode, pressure varying between 6 and 14
cmH,0, expiratory relief was off, the ramp was adjusted in 30 min in this first week
to make the patient’s adaptation more comfortable, starting at 4 cmH,O of pressure
and the humidifier was turned off.

After 1 week with automatic CPAP, J.P.W. showed excellent adherence to treat-
ment (hours of use: 7 h 8 min, days of use: 7 days with residual AHI within normal
ranges: 1.4 events/h, and no leaks). He mentioned an important and significant
improvement in EDS and improvement in headache and disposition for day-to-day
activities and work. He also reported not feeling sleepy during his work in traffic,
and at any time during the day.

In the second visit, J.P.W. referred dryness in the mouth and throat—the humidi-
fier was added to the treatment. Automatic CPAP A-flex was replaced by the CPAP
plus C-flex (this is the patient’s own CPAP, fixed mode and did not store data such
as residual AHI). From the usage report, 90% pressure was used to set the fixed
pressure of 14 cmH,O. This time, J.P.W. reported taking around 15 min to initiate
sleep and reported less drowsiness and better perception of his sleep. The ramp was
set at 15 min with an initial pressure of 6 cmH,O. Expiratory relief continued turned
off and the humidifier was set on 3.
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Table 18.2 Sleep data after 6-month of CPAP treatment

Variables ‘ Findings ‘ Variables Findings
Polysomnography with CPAP at fixed pressure of 14 cmH,0

Time of registration (min) 460 Minimum SpO, (%) 89
Total sleep time (min) 438 Average SpO, (%) 94.1
Sleep efficiency (%) 95.2 Total time SpO, < 90% (min) 0.01
Sleep onset latency (min) 7.4 Total time SpO, < 80% (min) 0
REM sleep latency (min) 95 Number of obstructive apneas 0
Awakening index (events/h) 9.9 Number of mixed apneas 0
AHI (events/h) 2.7 Number of central apneas 5
Baseline SpO, (%) 96 Number of hypopneas 15
Snoring Mild

Sleep questionnaires

Epworth sleepiness scale 06 points

Berlin questionnaire Low risk for OSA

CPAP treatment (6 months data)

Average CPAP use (h) 106:33

Follow-Up and Outcomes

After 1 month of good adherence to CPAP, J.P.W. presented an excellent adaptation
to the treatment, abolition of EDS, and good manage of work properly with much
higher performance. The humidifier solved the problems regarding to dry mouth
and throat, ensuring the consolidation of the adherence without any side effects. As
the patient’s fixed CPAP model did not allow the visualization of residual AHI, a
polysomnography with CPAP was performed to verify the effectiveness of the treat-
ment after 6 months. See polysomnography, sleep questionnaires and CPAP data
below (Table 18.2). After physical examination: BMI: 38.8 kg/m?, neck circumfer-
ence: 50.5 cm, waist circumference: 123.5 cm, SBP: 130 mmHg SBP:80 mmHg.

Discussion

OSA can trigger a variety of physical and psychological symptoms. This case drew
our attention to the unusual presentation of hypersomnolence with several episodes
of sudden sleep attack many times per day that were solely related to OSA.

The rapid decrease/abolition of EDS, associated with sudden episodes of sleep
attacks during day-to-day situations, was due to the effectiveness of the treatment,
the commitment of J.P.W. with the treatment showing excellent hours of CPAP use
since the beginning. It is widely recognized that at least 50% of patients with OSA
present any symptom of OSA [1].
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An interesting fact of this case is that J.P.W., although not hypertensive, had a
borderline pressure when measured (140 vs. 80 mmHg) and after 6 months of treat-
ment with excellent adherence, he presented a drop of one point in SBP (130 vs.
83), as described by literature [6].

It is already established that sleep disorders can be presented with overlapping
conditions (e.g., OSA + insomnia (COMISA), OSA + narcolepsy). In this case due
to the huge hypersomnolence associated with sleep attack episodes, there was a
suspicion of hypersomnia or narcolepsy overlapped with OSA, but OSA was chosen
to be treated first. The correct treatment in this case, and with a very objective
approach to OSA, showed us that one sleep treatment had to be performed at a time,
to measure the findings and then, keep investigating if any residual effect remained.
The lack of treatment in this case could have contributed to a negative outcome such
as traffic accident or the development of cardiovascular disease.

We particularly emphasize the importance of patients with a diagnosis of severe
OSA and with suspicion of other associated sleep disorders that treatment of OSA
should be immediately initiated, allowing future investigations of other comorbid
sleep disorders, in order to avoiding unnecessary hyper medication. Finally, it is
worth mentioning that we need to encourage all health professionals to ask about
EDS and other symptoms of OSA during their appointment/consultation.

This is an unusual case of a patient who presented with sudden sleep attacks
episodes during the day. This patient’s symptoms were so intense that the diagnosis
could be mistaken for hypersomnias. The quick decision to start this patient’s treat-
ment with CPAP and only then to investigate the residual symptoms was a key suc-
cess to this treatment.

Patient Perspective

“I had an exaggerated drowsiness that interfered not only with my work but also
with my day-to-day life. In my mobile driver profession, before the start of treat-
ment, I used to fall asleep several times at the traffic even when there was a passen-
ger in my car and when I woke up he was no longer there. Also, my wife complained
a lot about my loud snoring.

I came to the appointment very sleepy and with a lot of expectations. I have
gained explanation about the treatment, and told that if I used it correctly, in a week
I would already see a new J.P.W.—and I didn’t really believe it! When I returned to
the appointment a week later, I was moved to tell how my life had already changed
for the better in such a short time. We had a 6-month follow-up with monthly
appointments in person and via digital medias whenever necessary. I'm still very
well adapted to my CPAP and haven’t stopped using it for a day since!”
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Chapter 19 @
Velumount: A Solution for Uvulo-Palato- Gk
Pharyngeal Problems

Cristina Staub

Introduction

The Velumount device (Fig. 19.1) was developed and patented by Arthur Wyss of
Switzerland for the treatment of snoring and obstructive sleep apnea (OSA) caused
by the soft palate (the velum). Other anatomical structures can also cause
obstruction (e.g., tongue, nasal polyps), which require different treatments. To make

Nasopharynx
Nasopharynx

Oropharynx

Oropharynx

Hypopharynx Hypopharynx

Fig. 19.1 Placement of the Velumount Original (a) and the Velumount Intro (b) palatal device.
(Original figure)
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this simple aid available to others, it was medically certified. It has been fitted to
thousands of patients and its effectiveness has been proven in studies [1, 2].

Patient Information

The inventor (slim, athletic and 45 years old at the time) suffered from obstructive
sleep apnea including daytime sleepiness. Positive airway pressure (PAP) ventila-
tion was not an option for him because he was in developing countries for very long
periods of time where there was not adequate electrical power supply, and surgery
(a uvulo-palato-pharyngo-plasty and septoplasty) was not successful.

Clinical Findings

Because of his long, floppy soft palate, the Mallampati score was 3 [3]. The body
mass index (BMI) was 23.7 kg/m?.

Timeline

To improve his overall health, the patient sought further treatment after the PAP
adjustment and surgery.

To stabilize the soft palate, he inserted a suction catheter into his nose each eve-
ning, pulled the anterior end out of his mouth, and fixed the two ends under his nose.
The number of apneas reduced significantly. After a few months of self-
experimentation, he made a more comfortable prototype from a plasticized wire,
which is inserted only through the mouth, and its bow is placed behind the soft pal-
ate. In the years that followed, he continued to tinker with different materials and
shapes, so that two effective and comfortable models are now available.

Diagnostic Assessment

The score on the Epworth Sleepiness Scale (ESS) [4] was 11 out of 24 before and after
the operation. The patient scored the numeric rating scale (NRS) regarding snoring 8
out of 10 before and 7 after the operation. Two out of 3 categories of the Berlin
Questionnaire [5] were positive before and after the operation. Sleep quality NRS was
3 out of 10 points. The overall satisfaction NRS with the therapy was 5 out of 10 points.

The initial apnea-hypopnea index (AHI) on polysomnography was 25 ev/h and
blood pressure was 115/65 mmHg.
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Fig. 19.2 The two shapes of the Velumount palatal device: the Velumount Original (a) and the
Velumount Intro (b) palatal device. (Original figure)

Physiotherapeutic Intervention

Basically, the Velumount Original and the Velumount Intro have an archwire that is
pushed behind the velum to stabilize it and keep the airway open (Fig. 19.2). The
Velumount Original is open at the front and the two ends of the wire are visible on
the left and right sides of the mouth. The Velumount Intro is a closed circle with the
front part placed between the upper teeth and the upper lip.

When fitting a Velumount, the size and shape of the mouth are first examined and
a suitable palatal device is bent based on specific criteria. The first few times, the
Velumount is inserted by the therapist. As soon as the patient feels where to place
the bow, he can insert the device himself. Often the Velumount is well tolerated
immediately. If there is a gagging sensation, a desensitization period is needed,
which may take a few hours in some patients and a few days in other patients.
Sometimes a readjustment is needed after a few nights, because there may be small
pressure points that are not visible from the outside. The inventor has now been
sleeping with a palatal device for 20 years.

Follow-Up and Outcomes

The ESS score with Velumount shows 2 points and the NRS regarding snoring
shows 3 points. No category of the Berlin Questionnaire is positive. Sleep quality
NRS with Velumount is 8 points and the therapy satisfaction 9 out of 10 points. He
no longer feels any side effects, even the gagging sensation when inserting the
device disappeared.

The AHI decreased to 4 ev/h. His compliance is 100%: He inserts the device
every night before sleeping and takes it out only when he gets up.
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Discussion

The standard therapy, the positive airway pressure (PAP), decreases the AHI in
some patients. However, up to a third of the patients cannot sleep with it because of
different reasons such as compression pain on the face, insomnia, chronic rhinitis,
decrease in intimity [2], or more apneas provoked by Bernoulli’s law of flow [6].

The surgical success cannot be predicted. The formula in Tschopp et al. [7] is
useless because the supine position was not considered, therefore, the preoperative
AHI cannot be used as a reliable value.

To reduce the risk factors regarding cardiovascular disease, metabolic dysfunc-
tion, reduced physical and neuropsychological performance, immunodeficiency or
mental illness, and the risk of accidents [8], an efficient and tolerable treatment must
be sought.

In about half of the patients with OSA, positioning (preventing supine position
or elevating the head section) can significantly reduce the AHI [9, 10]. In many
patients, however, individualized solutions are needed. One of these is the Velumount
palatal device [1, 2].

A strength of this story is that it demonstrates how, with persistence, tenacity and
will, any patient can be helped to sleep better. The limiting factor is that the patient
had to invent the solution himself. Velumount is the best invention for many patients.

Patient Perspective

PAP is a real lifeline for many patients. In order to gradually eliminate the known
side effects of using this therapy, great efforts are still being made. Fortunately,
uvulo-palato-pharyngoplasty is replaced today by many alternative surgical proce-
dures. Before making a surgical decision of this magnitude, second opinions should
always be sought. Velumount was inspired by the Sutra Neti. For me, it was a gift
straight from heaven! When lemur families were playing in the rainforest of
Madagascar not far above my hammock, it was a clear sign for me that my therapy
against loud snoring was successful.
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Introduction

Exercise has been shown to have numerous benefits for individuals with obstructive
sleep apnea (OSA). Research suggests that exercise can help to reduce the severity
and frequency of sleep apnea episodes, improve oxygenation during sleep, and pro-
mote overall cardiovascular health [1, 2]. In addition, exercise has been shown to
improve daytime sleepiness and quality of life in people with OSA [1]. These ben-
efits are likely since exercise can help to improve muscle tone, reduce inflammation,
and promote weight loss, all of which can contribute to improved respiratory func-
tion during sleep [1, 3, 4]. In this clinical case, we describe a man with moderate
OSA, with continuous positive airway pressure (CPAP) prescribed but not used.
Instead, he performed a 2-month exercise program.

Patient Information

We present a young man, 45 years-old, worker in a law office. During the last
6 months, he has noticed unrefreshing sleep, with morning fatigue and excessive
daytime sleepiness. These symptoms coincide with a weight gain of 10 kg in the
same period. However, he has no significant comorbidities.
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He has no reported health problems in his family history, except for his mother,
who has controlled arterial hypertension. From the point of view of his mental
health, he only reported having an excessive workload, which has increased his
anxiety and job stress, and he felt it has influenced his weight gain and difficulty in
falling asleep.

Clinical Findings

We found him calm and collaborative. He had a height of 1.75 m and a weight of
90 kg (body mass index [BMI]: 29.4 kg/m?). His blood pressure was 126/84 mmHg,
and his SpO, was 96%. His neck, waist, and hip circumferences were 41, 97, and
104 cm, respectively. Usually, he went to bed close to 24 h and woke up at between
7 and 7:30. His wife had complained about his snoring. He reported taking a nap for
up to 30 min every day after lunch.

Diagnostic Assessments

A home respiratory polygraphy was performed (Table 20.1).

The patient scored 8 points on the Epworth sleepiness scale (ESS), score
between 0 (best) and 24 (worst), indicating mild daytime sleepiness [5]; 5.9 points
on the Quebec sleep questionnaire (QSQ), score between 1 (worst) and 7 (best),
with most important impact on daytime symptoms, nocturnal symptoms and limi-
tation of activities [6]; and 10 on the Hospital Anxiety and Depression Scale (8 on
HADS anxiety and 2 on HADS depression), score between 0 (best) and 21 (worst)
of each dimension, indicating mild levels of anxiety and normal level of depres-
sion [7].

Table 20.1 Respiratory polygraphy or type III polysomnography

Index Total events Mean Maximum
(events/h) (number) duration (s) duration (s)
Central sleep apneas | 1.1 9 13.4 30.5
Obstructive sleep 18.3 150 10.6 21
apneas
Mixed apneas 1.2 10 12.9 21.5
Hypopneas 5.7 47 19.4 355
Total 26.3 216 13.4 355
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Physiotherapeutic Intervention

The participant followed a comprehensive community program, including general
physical activity and oropharyngeal exercises [8]. The physical activity consisted of
30 min of walking along publicly accessible urban park tracks designed and stan-
dardized for chronic obstructive pulmonary disease patients. The participant was
encouraged to maintain a high walking intensity by achieving 60—-80% of the theo-
retical maximal heart rate controlled by a heart rate monitor. The intervention pro-
gram lasted 8 weeks, with 3 walking sessions/per week. A physiotherapist supervised
all sessions during the first 2 weeks and 1 session/week from the third until the last
week of the program (i.e., 12 supervised sessions, 24 sessions in total). In unsuper-
vised sessions, the physiotherapist called by phone each patient to ask if there was
any inconvenience in carrying out the protocol of general exercise. If the patient
could not train, a new session was rescheduled.

Oropharyngeal exercises were based on previous studies [9, 10]. The selected
oropharyngeal exercises were used to treat speech-language pathologies and include
soft palate, tongue, and facial muscle exercises and stomatognathic function exer-
cises (Fig. 20.1). The patient was instructed to practice four exercises daily, (10
times each exercise), at least 5 days per week. A video of each exercise was pro-
vided to ensure proper task realization. The physiotherapist in charge of the pro-
gram weekly asked the patients about the exercise’s accomplishments, difficulties,
doubts, etc. High session attendance was defined as attending at least 80% of the
sessions. The patients completed a compliance chart every day. If they could not
perform the exercises 1 day, they would recover on a weekend day. Additionally, the
patients received dietary recommendations based on promoting a low-carbohydrate
diet, compliance with meal times, and eliminating foods that affect sleep concilia-
tion (e.g., coffee, cola drinks, alcohol). Sleep hygiene education recommendations
included, among others, avoiding the use of screens before sleep, avoiding carrying
out intense physical exercise before sleep, and avoid heavy meals.

Fig. 20.1 (a) Blowing against a resistance of 10 cmH,0; (b) Biting the tip of the tongue and swal-
lowing; (¢) Kissing and generating a negative pressure with cheeks; (d) Raising the head and hold-
ing it for 10 s (isometric head flexion). (Original figure. Courtesy from Dr. Torres-Castro)
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Table 20.2 Pre- and post-intervention measurements

Variable Pre-intervention Post-intervention

Anthropometrics

Weight (kg) 90 86
BMI (kg/m?) 29.4 28.1
Neck circumference (cm) 41 40
Waist circumference (cm) 97 86
Hip circumference (cm) 104 99
Physical capacity and activity

6MWD, m 643 693
Steps/day 7985 9662
Objective sleep parameters

AHI (events/h) 26.3 8.1
CT90% 4

Subjective sleep parameters

ESS 8 4
Quebec sleep questionnaire 199 189
HADS anxiety 8 2
HADS depression 2 0
HADS total 10 2

BMI body mass index, 6MWD six-minute walking distance, AHI apnea-hypopnea index, CT90
cumulative time spent with oxygen saturation <90% during sleep, ESS Epworth sleepiness scale,
HADS hospital anxiety and depression scale

Follow-Up and Outcomes

The patient was evaluated pre- and post-interventions (Table 20.2).

Discussion

This case report showed that a comprehensive community program combining
physical and oropharyngeal exercises reduced AHI scores in one patient with mod-
erate OSA syndrome already indicated to use CPAP. The exercise protocol was
carried out in the period between the indication of CPAP treatment and the moment
the company takes to deliver it at home. Finally, he did not use it since his AHI and
symptoms decreased.

The present report is in line with previously published evidence. Indeed, most
studies in patients with OSA reported a significant decrease in the AHI after com-
pleting a rehabilitation program based on aerobic exercise [11, 12]. Similarly,
results obtained in studies implementing oropharyngeal exercises also observed sig-
nificant improvements in the AHI [9, 13, 14] thus reducing OSA severity. Our
patient had major physical changes with the rehabilitation program, led by a
decrease of 4-kilogram in body weight, and 0.7 in BMI. It is known that weight loss
has not been related to significant AHI reductions, and the improvements are likely
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due to changes in body composition (especially reduction in fat mass) [15, 16].
Several mechanisms may explain these improvements. Physical exercise could
reduce AHI by reducing fat deposition in the anatomical structures surrounding
upper airway and tongue [17]. Additionally, exercise may cause significant abdomi-
nal adiposity reductions independently of weight loss [18]. This fact is essential,
because abdominal visceral fat accumulation impairs diaphragmatic excursion, and
chest wall obesity impairs rib cage expansion [19].

It has been shown that fluid accumulated in the legs during the day (due to grav-
ity and the diminution of the muscular pump activity when lying down at night) is
redistributed rostrally while in recumbent posture for sleep [20, 21]. The redistribu-
tion of fluid in the neck can increase pressure on tissues surrounding the upper air-
way, reducing its size and increasing its collapsibility, which is a predisposition
toward OSA [20]. Therefore, interventions that reduce fluid accumulation in the
legs, such as exercise, diuretics, and wearing compression stockings can attenuate
OSA [22-24].

On the other hand, we carried out a protocol of oropharyngeal exercises based
especially on the use of positive pressure device with 10cmH,0, and on the use of
exercises that act directly on the affected muscles, particularly the glossopharyngeal
muscle, whose dysfunction is one of the main problems in OSA. Although we did
not use respiratory muscle training, the literature has shown a beneficial effect of
inspiratory muscle training on improving sleep quality, and of expiratory muscle
training on decreasing AHI [25].

Another critical aspect to consider is the applied setting and monitoring program.
Most prior studies required subjects to participate in highly supervised exercise
programs at hospitals or rehabilitation centers [12, 26]. Conversely, the presently
applied protocol supervised a maximum of 50% of exercise sessions (i.e., 1 day per
week supervision). Another relevant aspect of this case report is that training was
performed outside the hospital, using existing resources within urban park tracks
[8]. These urban park tracks were previously validated for chronic respiratory dis-
ease to set different exercise intensities [27]. Using urban park tracks could promote
program adherence by ensuring that every patient can go to a park near home,
thereby preventing an unnecessary avoidance of time and cost consumption while
promoting physical activity. From a clinical point of view, this could help to reduce
costs and involve patients to a greater degree in their self-care, especially when
health-system resources are limited. Our patient reported 100% of accomplishment
in the prescribed exercise sessions, oropharyngeal and walking training. Finally,
this training methodology should be interesting because it can induce long-term
effects and help change patient perspectives towards a healthier lifestyle.

Patient Perspective

The greatest motivation to perform the exercise program for the patient was to avoid
the use of CPAP. That motivated him to have a 100% adherence to the exercise pro-
tocol. On the other hand, he was very happy because he was able to lose weight and
improve his sleep quality.
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Chapter 21
Continuous Positive Airway Pressure,
Bilevel, and Supplemental Oxygen:

All in One Case!

Liliane P. S. Mendes @ and Flavia B. Nerbass

Introduction

In this chapter we report a case of a patient who started treatment with continuous
positive airway pressure (CPAP) for severe sleep-disordered breathing (SDB). Over
1 year she presented outstanding results in adherence, improvement of the symp-
toms, and of the obstructive events. However, during an hospitalization, it was nec-
essary to change PAP therapy mode, which required many other adjustments. After
hospital discharge, the sleep physiotherapists, along with the multi professional
team, faced some challenges, including changes in PAP device, therapy mode, inter-
face, and overnight oxygen titration, which later allowed assertiveness and effec-
tiveness of therapy.
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Patient Information

F.L.C., woman, 89-year-old, obese (BMI 31.4 kg/m?), hypertensive, had a previous
acute myocardial infarction, complained of snoring, witnessed respiratory pauses,
nocturia (once a night), tiredness, and daytime sleepiness (napped twice a day). Her
body position in bed was exclusively supine.

Diagnostic Assessment

Her sleep home apnea testing (HSAT) was performed by type III portable monitor-
ing. The results showed an apnea-hypopnea index (AHI) of 118 ev/h, predominantly
obstructive, with time of SpO, < 90% = 476.5 min, being 180.5 min <80%, with a
minimum SpO, = 45% (Table 21.1 and Fig. 21.1).

Table 21.1 Respiratory-related events data from the sleep home apnea testing

Index Minimum | Maximum
(events/ Total events | duration duration Body position events
hour) (number) (seconds) (seconds) Supine versus lateral
Central apneas | 0.8 7 11.1 12.5 7
Obstructive 114.2 942 19.1 130 942
apneas
Mixed apneas 2.1 17 13.8 18.5 17
Hypopneas 1.2 10 243 61 10
Total 118.3 976 19 130
Time in position (min) 495
Apnea-hypopnea index (ev/h) 118.3
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Fig. 21.1 Graph from the HSAT. Black arrow indicates heart hate; blue arrow indicates SpO,;
green arrow indicates obstructive events (red scratches); gray arrow indicates mixed events (black
scratches); purple arrow indicates hypopneas (pink scratches); snoring in light blue scratches and
supine body position in blue solid line. (Reprinted with permission from F.L.C.)
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Physiotherapeutic Intervention

This case was initially resolved with CPAP. On our first visit, automatic PAP
device was tested and adapted with a nasal mask (tube up). The adjusted parame-
ters were fixed pressure 10 cmH,O, ramp off, expiratory pressure relief off, and
humidity 5. In this initial test, the patient presented a good tolerance. We instructed
both family and patient on the correct mask placement, CPAP use during total
sleep time, and suggested lateral body position to sleep. However, side sleeping
position was not possible due to complaints of low back pain, and mobility diffi-
culties. Phone calls on the first and third days of therapy were performed, and the
patient reported good adherence without additional complaints. Our second visit
took place 15 days after CPAP use, and the memory card reports showed high air
leakage (107.4 L/min), and an average time of use lower than expected (3 h and
32 min), despite a significant AHI reduction (16.2 ev/h). Thus, we associated a
chin retainer, and increased the CPAP pressure to 12 cmH,O. By telephone call,
the family reported better adherence, and tolerance. On the third visit (after another
15 days), the results were very satisfactory. She improved the complaints of
drowsiness and tiredness, the nocturia ceased, she reported being more attentive
and communicative. Adherence to pressure therapy had increased to 7 h and 7 min
on average, air leakage reduced to 34.8 L/min, and AHI was controlled to 0.7 ev/h
(Fig. 21.2).

The detailed graphs below were extracted from the CPAP memory card 1 day
before our last visit. Figure 21.3 demonstrates the absence of respiratory events,
even in the presence of a high air leakage (Fig. 21.3).
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Fig. 21.2 (a) Summary graphs from the PAP device, showing the first visit period (15 days), when
CPAP therapy was started (fixed pressure of 10 cmH,0). The green arrow indicates that due to high
air leakage (dark green bars—107.4 L/min), the patient had poor adherence to treatment (orange
bars—3 h 32 min—black arrow), although the mean AHI reduced from 118 to 16.2 events/h (red
arrow). (b) Data from the second visit period, after associating the chin retainer and increasing the
pressure to 12 cmH,0. There was better leakage control, an increase in adherence (7 h 07 min),
AHI control (0.7 ev/h), and air leakage reduction (34.8 L/min). (Reprinted with permission
from EL.C.)
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Fig. 21.3 Respiratory flow curve analysis showing the whole night use of PAP device. Black
arrow indicates the time of sleeping period, from 23 h to 6 h. Blue arrow indicates air leakage and
above the red line indicates high air leakage (>24 L/min). The red boxes show the apnea/hypopnea
events. The blue line bellow indicates the CPAP pressure, and the green arrow indicates snoring.
The green parallel vertical lines show the zoom interval plotted at the inner 5 min (yellow box). At
the bottom, we see the respiratory flow waves in the first line and the apnea events in the second
line. We observed that, even with high air leakage, the flow waves were preserved and without
residual apnea events, proving that the treatment was adequate. (Reprinted with permission
from EL.C.)

Follow-Up and Outcomes

Follow-up were performed every 3 months during the first year, indicating low AHI and
good adherence. However, after that period, the patient was hospitalized because of a
hemorrhagic shock (right anterior thoracic hematoma), and pneumonia. She got respi-
ratory failure, and presented drops in O, saturation (SpO,). Bilevel positive pressure
therapy was immediately started. In addition, the hospital’s clinical team changed her
mask to an oronasal route, and associated oxygen at 2.0 L/min to keep her SpO, > 90%.

After hospital discharge, the family contacted us because, despite proper use of
Bilevel (Inspiratory Positive Airway Pressure (IPAP): 18 c¢cmH,O, Expiratory
Positive Airway Pressure (EPAP) 10 cmH,0, + O, 2 L/min), patient’s SpO, = 84%,
even when she was awake. That way, for 2 consecutive nights, we performed an
overnight nocturnal oximetry (attaching to the Bilevel an oximetry module). On the
first day, she presented several respiratory events, leading to a drop in SpO,. The
average AHI was 9.6 ev/h, and the highest AHI was 27 ev/h (Fig. 21.4). The mean
and minimum SpO, reached 85 and 61%, respectively.

With this results, we changed the oronasal route to a nasal, and maintained the
same Bilevel pressures and oxygen supply. The goal was to observe the impact of
the oronasal route on the obstructive events, considering that previously, the patient
had controlled AHI using CPAP 12 cmH,0O by nasal mask. Table 21.2 presents the
comparative results of 2 nights with the oronasal route, and 2 extra nights with a
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Fig. 21.4 Detailed data from the Bilevel card. At the top are 12 h of sleep. The first line shows
apnea events (red boxes), associated with periods of desaturation (second line). Below are the
respiratory airflow waves, clearly showing obstructive apnea events (green arrows) followed by
synchronous saturation drops (blue arrows). (Reprinted with permission from F.L.C.)

Table 21.2 Comparison between different nights using different interfaces
Min
Mask IPAP/ | O, (L/ | AHI SpO, Median Time SpO,| Time SpO,
route EPAP |min) |(ev/h) | (%) SpO, (%) | <90% < 80%

Night 1 | Oronasal | 18/11 |2.5 9.6 71 91 00:46:47 | 00:00:00
Night 2 | Oronasal | 18/11 |2.5 27.5 69 92 01:27:07 |00:05:19
Night 3 | Nasal 18/11 | 2.5 1.6 81 86 09:14:58 | 00:00:00
Night 4 | Nasal 18/11 |2.5 1.6 78 87 07:36:29 | 00:00:13

nasal route. All these evaluations were performed without modifications in the
Bilevel or oxygen supply parameters.

The results showed that nasal route better controlled AHI (<5 ev/h) and kept the
minimum saturation higher than the oronasal route; however, it allowed lower
median saturation, and also increased time saturation <90%.

Analyzing the detailed data of the memory card using the nasal route, we
observed that the saturation spent most of the time <90% line, although AHI had
spent <5 ev/h. However, instead of desaturations being related to obstructive events
(as observed with the oronasal mask), desaturations were related to increased time
of air leakage with the nasal mask (red boxes). When the air leakage was controlled,
the saturation remained at 90%, as shown in Fig. 21.5.

Under the oronasal route, the patient had much more obstructive events followed
by hypoxia/reoxygenation. Under nasal route, the desaturations were due to air
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Fig. 21.5 The first line shows the apnea events (on top = obstructive: red sticks, central: black
sticks, and unknown: yellow sticks). Signalized by red boxes we can observe that there are periods
of increased leakage (second line) associated with simultaneous drops in saturation (third line).
Below (5 min of sleep), we can see the respiratory airflow waves, showing only one obstructive
event (red stick), followed by a drop in saturation and, even without more events, the saturation
remaining <90% (red horizontal line). (Reprinted with permission from F.L.C.)

leakage, despite the patient wearing a chin retainer in both conditions. As the patient
spent most of the night in the supine position, it is difficult to control the opening of
the mouth, even with a very well-adjusted mask and chin retainer. In this case, the
multidisciplinary team decided to maintain the same Bilevel pressures and nasal
mask, as arterial blood gas analysis showed adequate partial pressure of carbon
dioxide (PaCO,) and pH levels (PaCO,: 45.3/pH: 7.41).

Then, we started an overnight oxygen titration using nocturnal oximetry to guar-
antee SpO, at least 90%. We started with 2 L/min and increased the amount of O,
offered by 0.5 L/min until we reached the best oxygenation results, which was
achieved when under 4.5 L/min, as shown in Fig. 21.6. Even in a high air leaking,
the saturation remained >90% all night without obstructive events. Median satura-
tion was 95%, and time of saturation <90% and <80% was 29 and 17 s, respectively.

Discussion

The CPAP device is the gold standard treatment for patients with moderate-to-
severe OSA, and the pressure can be delivered through nasal, nasal pillows, orona-
sal, and oral masks. The oronasal masks were initially described for patients with
respiratory failure and high ventilatory demand. Subsequently, they were tested for
sleep apnea treatment in those who did not tolerate the nasal route, with good results
for AHI correction [1, 2]. However, later studies showed that oronasal masks were
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Fig. 21.6 The first line shows the apnea events (on top = obstructive: red sticks, central: black
sticks, and unknown: yellow sticks). The second line shows air leakage, and the third one is the O,
saturation. The horizontal thicker red lines represent the limit of saturation at 90%. Below, we can
see the respiratory airflow waves, showing only one central event (black arrow). In the upper and
lower image parts, we observe that under 4.5 L/min of oxygen, the patient remained with satura-
tion above 90% all night long. (Reprinted with permission from FL.C.)

associated with greater patient intolerance, higher leakage, and the need for higher
pressure levels, causing lower adherence to treatment [3—5]. The most worrying
effect of the oronasal route is the tongue’s posterior displacement against the oro-
pharyngeal wall, causing its narrowing and, consequently, more obstruction [4-8].
In this case report, when the nasal mask was changed for the oronasal one (during
hospitalization), the patient developed OSA events, despite using Bilevel therapy
under higher pressures, as compared to previous period using CPAP. When the air
route (oronasal to nasal) was switched again, there was a correction in the AHI and
in the intermittent hypoxia caused by those obstructive events (even maintaining the
same pressures in the equipment). Recently, The American Thoracic Society pub-
lished a document recommending the nasal route as the first-line interface to treat
SDB [9].

Furthermore, overnight nocturnal oximetry results assessed by detailed data
from the Bilevel card (airflow respiratory waves) allowed us to observe that with the
nasal mask, the eventual drops in saturation and the sustained saturation time <90%
were linked to air leakage (through the mouth). Considering that the oxygen con-
nection is placed at the equipment’s air outlet, when under high air leakage, reduc-
tions in oxygenation are expected. The patient used a nasal mask and a chin retainer.
However, as she slept exclusively in the supine position, the complete closed mouth
wase be a challenge, considering her reduced muscle tone.

Considering the positive results, the multidisciplinary team decided to maintain
the nasal mask with the chin retainer and adjusted the amount of oxygen offered to
4.5 L/min for good saturation.
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In conclusion, the evaluation and follow-up of the sleep physiotherapist was
essential to initially ensure adaptation do CPAP, perform adjustments, and optimize
adherence. Subsequently, our approach allowed us to recognize that the oronasal
route was causing harm to the patient (due to the significant increase in obstructive
events, and intermittent hypoxia). Even without modifying parameters in the Bilevel
and the amount of O, offered, changing the route to the nasal one was able to correct
the AHI. Nocturnal oximetry allowed us to observe that lower saturation was related
to increased air leakage. Therefore, we emphasize here the importance of a careful
and detailed evaluation and patient follow-up, increasing the chances of proper treat-
ment and good adherence to the therapy.
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Introduction

In patients with motor dysfunction after stroke (e.g., hemiparesis) the focus of reha-
bilitation is based on strength training, coordination, and development of skills for
functions for activities of daily living (motor control) [1-3], that are frequently mea-
sured by the Functional Independence Measure (MIF) [4].

Global postural reeducation (GPR) has been focused on some investigations
regarding neurological patients [5, 6]. This method proposes a decrease in muscle
tone, and gradual stretching of entire muscle group simultaneously, in an integrated
idea of the muscular system formed by muscle chains [7-10], improving mechanics
and consequently respiratory and motor function.

Sleep-disordered breathing (i.e., obstructive sleep apnea, OSA) has an alarming
prevalence after stroke, as high as 72% [11]. Therefore, treatment of sleep issues is
crucial for neurorehabilitation [12-16]. We treated a patient with GPR focusing on
posture, center of gravity alignment, respiratory muscle strength, and stretching, for
better diaphragm incursion, obstructive sleep apnea, and functional independence.
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Patient Information

M. A. E, a 59-year-old woman, eutrophic (body mass index [BMI] 24.9 kg/m?)
came from the Inpatient Unit of Neurology of Hospital Sdo Paulo, Neurology and
Neurosurgery Department of Federal University of Sdo Paulo (UNIFESP). She was
attended after 2 months of an ischemic stroke. The stroke event happened in March
of 2019. She had left carotid endarterectomy surgery to reduce the risk of another
stroke event. She started physical therapy (PT) based on bed mobility training at
hospital. The patient presented hypertension, hypercholesterolemia, and diabetes,
with regular medication and visits to physicians. Until the stroke event she was
sedentary.

Clinical Findings

She presented with incomplete right hemiparesis, with crural predominance. She
was able to walk by herself with no assistive devices for walking, and to speak
appropriately.

Diagnostic Assessment

The scoring of neurological deficit at clinical admission according to the National
Institutes of Health Stroke Scale(NIHSS) [17] was 6 (moderate/severe stroke); no
cognitive impairment >18, according to Montreal Cognitive Assessment (MoCA)
[18]. The patient underwent measurements pre- and post-20 PT sessions for respira-
tory muscle strength (manovacuometry) [19], posture and center of gravity align-
ment (bio photogrammetry) [20, 21], functional independence (functional
independence measure) [4, 22], and objective sleep parameters (polysomnography,
PSG) [23].

Physiotherapeutic Intervention

The patient received 20 consecutive and individual GPR sessions (60-90 min/week)
during the afternoon. The GPR sessions adopted specific postures in dorsal decubi-
tus, aiming to reduce the anterior master neuromuscular coordination chain muscle
tone hyperexcitability. The “opening posture” of the hip angle and abducted arms
was adopted. In this posture, the retracted muscles related to the central lesion were
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Fig. 22.1 “Opening
posture,” to reduce muscle
tone hyperexcitability of
the anterior neuromuscular
chain

placed in traction [10]. With the use of cushions, rolls, and elastic bands, the patient
stayed in the posture for about 20 min in each session, being corrected where com-
pensation appeared, and whenever the body tried to compensate for that posture. All
the time the patient was required to maintain her breath in voluntary control, slowly
and deepening, mobilizing the rib cage, activating the diaphragm muscle, and relax-
ing the accessory muscles of breathing (Fig. 22.1).

Follow-Up and Outcomes

Posture

Lower weight distribution in the affected limb in hemiparetic individuals often gen-
erates postural asymmetry and muscle imbalance. Some patients assume a larger
base of support to increase their stability. Table 22.1 shows the postural parameters
from pre- and post-GPR sessions, extracted from SAPo software (bio
photogrammetry).

These measurements showed an objective improvement of the posture (central
alignment) of the patient in anterior, posterior, and side views (Fig. 22.2). She
reported feeling better, having better balance (although we did not measure it). The
intervention improved her posture, reduced shoulder asymmetry (anterior and pos-
terior view), and improved dorsal kyphosis by better vertebral alignment (lateral
view). The patient maintained her weight during this intervention time. At the first
session, she complained of pain and unpleasant sensation in the neck region of the
endarterectomy (fascia adherence?), and with the sessions this pain disappeared
completely by the 20th session, although we did not measure it).
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Table 22.1 Postural parameters before and after GPR sessions acquired by biophotogammtery

Anterior view

‘ Reference ‘ Pre-GPR ‘ Post-GPR

Head

Horizontal head alignment ‘ 0° ‘ 175.2°r ‘ 10.1°1
Trunk

Horizontal acromion alignment 0° 1749°r |5.4°1
Horizontal alignment of the anterior superior iliac spine 0° 178.0°r |3.1°1
The angle between the two acromion and the two anterior 0° 3.1°r 23%r
superior iliac spines

Lower limbs

Left frontal angle - 1.9°1 7.7°1
Right frontal angle - 0.2°r 4.0°r
The difference in the length of the lower limbs (right/left) 0cm 03cm | Ocm
Horizontal alignment of tibial tuberosities 0° 173.5°1 |6.1°1
Q angle—right 15° 6.7°r 5.2°r
Q angle—Tleft 15° 4.3°r 6.1°r
Posterior view

Trunk

Horizontal asymmetry of the scapula concerning T3 vertebra | 0° 1.9°1 8.7°1
Lower limbs

Hindfoot angle right - 204°r | 6.7°r
Hindfoot angle left - 17.3°r 19.1°r
Right view

Head

Horizontal head alignment (C7 vertebra) - 140.3°1 | 35.6°r
Vertical head alignment (acromion) 0° 178.3°1 |4°r
Trunk

Vertical trunk alignment - 1753°r | 1.7°1
Hip angle (trunk and thigh) — 14.4°1 19.4°1
Vertical body alignment - 178.6°1 |6.1°r
Horizontal alignment of the pelvis - 160.6°r 9.6°1
Lower limbs

Knee angle - 8.2°1 11.7°1
Ankle angle - 91.6°1 84°r
Left view

Horizontal head alignment (C7 vertebra) - 145.7°1 | 54.1°1
Vertical head alignment (acromion) 0° 171.3°r | 5.8°r
Trunk

Vertical trunk alignment - 175.0°r | 12.1°1
Hip angle (trunk and thigh) - 11.7°1 20.8°1
Vertical body alignment - 179.2°1 |3.1°1
Horizontal alignment of the pelvis - 168.5°r |7.6°1
Lower limbs

Knee angle - 3°1 11.6°1
Ankle angle — 93.8°1 92.9°r

Measures expressed angles, except where noted (cm): centimeters

are from SAPo software
1: to the right side, I: to the left side

. Reference angles and measures
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Fig. 22.2 Anterior, posterior, right, and left views pre-GPR (a), and post-GPR (b) interventions

Center of Gravity

The center of gravity (COG) was anteriorized and left-sided at baseline and after
treatment it changed to almost in line and posteriorized. The asymmetry in the fron-
tal plane decreased from 19.3° to the left, to 2.4° to the right; asymmetry in the
sagittal plane decreased from 44.3° anteriorly, to 27° posteriorly (Fig. 22.3), indi-
cating an important change of posture and a different load of the muscles to main-
tain orthostatism after stroke. The position of the COG relative to the mean position
of the malleoli (frontal plane) decreased from 0.6 cm to 0, both left; and the position
of the COG relative to the mean position of the malleoli (lateral plane) decreased
from 0.6 cm to 0.1 cm, both left. Taken together, these measures showed a more
aligned posture and imbalance.
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Fig. 22.3 Change in center of gravity (red) at pre- and post-GPR intervention, extracted from
SAPo software

Table 22.2 Evaluation of maximum inspiratory and expiratory pressures in the baseline, after
treatment, and 1-month follow-up

Maximum inspiratory pressure (cmH,0) Maximum expiratory pressure (cmH,0)
Pre-GPR | Post-GPR | 1 month follow-up | Pre-GPR | Post-GPR | 1 month follow-up
56.7 76.7 60.7 43.3 60.7 70.7

Normal values for the age of the patient are maximum inspiratory pressure 77 + 26 cmH,0, and
maximum expiratory pressure 145 + 40 cmH,0. Values are expressed in absolute numbers

Respiratory Muscle Strength

We measured respiratory muscle strength via manovacuometry at baseline, after the
20th session and also after 1 month of follow-up after treatment has ended. At base-
line, the patient presented respiratory muscle weakness (maximum inspiratory pres-
sure values between 40 and 75 cmH,O [24]); after intervention respiratory muscle
strength increased, also indicating better diaphragmatic incursion. However, at 1
month of follow-up respiratory muscle strength decreased (Table 22.2), indicating a
dose-dependent response of GPR. We are unaware of data regarding GPR for respi-
ratory muscle strength in patients after stroke.
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Table 22.3 Scores of functional Pre-GPR | Post-GPR
independence measure atpre and Functional independence measure | 102 125
post-GPR evaluations
(total)
Domain—motor function (total) 75 91
Self-care 38 42
Sphincter control 12 14
Mobility 15 21
Locomotion 10 14
Domain—cognitive function (total) |27 34
Communication 13 14
Social cognition 14 20

Functional Independence and Motor Impairment

Table 22.3 presents the patient's functional independence assessment scores, indi-
cating a slightly improvement in independence of daily life activities

The functional independence measure (FIM) total score varies from 18 to 126,
the higher the score, the better is the functionality and independence on activities of
daily living. This scale contains 18 items, grouped into 6 dimensions: self-care,
locomotion, transference, communication, sphincter control and social cognition
and into two subscales: motor subscale will be a value between 13 and 91; cognition
subscale will be a value between 5 and 35 [25].

Sleep Pattern

The objective sleep pattern, measured by polysomnographic examination, is sum-
marized in Table 22.4. The main outcome, apnea-hypopnea index (AHI), one of the
measures of OSA, changed its classification from severe to moderate, comparing
pre- and post-GPR sessions. Interestingly, the obstructive index increased, and the
hypopnea index, the desaturation time, and snoring decreased after PT sessions. But
contrary to our expectations, other variables of the PGS showed a worsening after
PT sessions: sleep efficiency, NREM N3 and REM sleep stage decreased, and REM
sleep latency, wake after sleep onset, stages NRENM N1 and N2 increased, indicat-
ing a disturbed sleep.
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Discussion

The GPR method is widely used to treat musculoskeletal asymmetries. This condi-
tion is common in stroke patients. The 20 GPR sessions were able to show improve-
ment in postural alignment, which can contribute to an improvement in quality of
life, especially in terms of functional independence as can be observed in our
patient.

Postural imbalance after stroke makes the patient vulnerable to the risk of falls,
which makes them more likely to adopt a sedentary lifestyle—which can lead to
several other health problems regarding inactivity [27].

The gain in muscular strength of the inspiratory muscles, evidenced by the
increase in the maximum inspiratory pressure, leads us to consider that the breath-
ing exercises of the GPR sessions were able to promote an increase in the resistance
and in the incursion of the diaphragm muscle. This resulted in an improvement in
patency of the upper airways, with consequent improvement in airflow fluidity, also
during sleep, and thus promoting a decrease in the AHI [28]. In addition, caudal
tracheal traction may have happened due to a better incursion of the trachea and
diaphragm [29], gained with the PT sessions.

One question that came to our mind was: did the patient improve because of GPR
or because of time? There is a hypothetical model of functional recovery postulating
that activities and function after a stroke reach a maximum peak between 3 and 6
months after the event, that is, in the subacute phase [30], phase of this patient.
However, the degree of recovery and the phase are still uncertain, not only depend-
ing very much on the injury itself but also depending on the environment, rehabilita-
tion, and mainly on the rehabilitation intensity and frequency to which the patient is
destined [31, 32].

In this case report, the GPR method was able to improve postural alignment and
thus OSA classification based on AHI, and functional Independence. Sleep must be
investigated in patients after stroke, and treated using PT approaches [33, 34].
Rehabilitation processes and reintegration of the patient to functional, personal
activities, and social participation must be reestablished as soon as possible—and
sleep is imperative to rehabilitate.
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and the Epiglottis Prolapse: The Need
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Introduction

Information guided by simple parameters and analyzed separately can lead profes-
sionals to false perceptions that their patients’ cases are resolved and that the best
therapeutic option is being offered to them. This clinical case reveals that the use of
the apnea-hypopnea index (AHI) as the only parameter for analyzing therapeutic
effectiveness can lead to failures in the management of the case. Detailed informa-
tion collected from careful anamnesis and adequate physical examination allow the
physiotherapist, in some cases, to adjust conducts. In others, they allow the formula-
tion of some hypotheses that will be elucidated and properly conducted in interpro-
fessional follow-up. In any professional approach scenario, it is imperative that the
patient be at the center of therapy [1]. Their complaints, difficulties, and limitations
need to be understood, as well as their treatment goals to maximize outcomes and,
from then on, therapeutic goals should be outlined to improve its functioning.
Excellence in sleep treatment is often dependent on the integration of knowledge
obtained through an inter or transdisciplinary approach. In the case presented here,
the patient has a diagnosis obstructive sleep apnea (OSA), treated with continuous
positive airway pressure (CPAP). In clinical follow-up, considerable complaints
were noted after the initial process of adaptation to positive airway pressure (PAP)
therapy, such as “I clearly feel as if my throat is closing” or “I get suffocated and I
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Fig. 23.1 Overall frequency of site(s) of collapse during natural sleep endoscopy. Values are pre-
sented as mean percentage of patients with upper airway collapse at each level. Reprinted with
permission from [5]

realize the time when the closure is undone.” In the PAP reports, patients had
obstructive events adequately controlled (AHI within normal range) with PAP treat-
ment, showing good adherence to pressure therapy. After patient evaluation and
qualified listening to her complaints, hypotheses were considered, and it was con-
cluded that the case also needed to be followed up by an otorhinolaryngologist with
training in sleep, since the patient’s airway needed to be investigated. In situations
where CPAP therapy is not tolerated, a thorough clinical history and examination
are necessary to obtain potential therapeutic targets [2]. The use of Drug-Induced
Sleep Endoscopy (DISE) combined with CPAP may serve as a first step in under-
standing why some patients fail to adapt to CPAP treatment. This approach can help
identify patterns of airway collapse (Fig. 23.1), which may require different pres-
sures from those the patient is using, or even identify anatomical factors that can be
corrected in surgical processes [3], for example. In addition to the DISE, other ways
of evaluating the airways that would help elucidate this case would be the drug-
induced sleep computed tomography (DI-SCT cephalometry). Alternatively, the
epiglottic collapse can be identified from the airflow signal measured during a sleep
study [4].

Patient Information

This was a 44-year-old female patient, body mass index (BMI) = 27 kg/m?, who
sought care from a sleep doctor, presenting as main complaints fragmented sleep
due to snoring, worse in the supine position, in addition to excessive daytime sleepi-
ness (Epworth Sleep Scale (ESS) = 16). As comorbidities, the patient had asthma,
allergic rhinitis, and systemic arterial hypertension. She was using medication to
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treat bronchial asthma (beclomethasone dipropionate, salbutamol, fluticasone
furoate), losartan, and hydrochlorothiazide for blood pressure control. There were
no cases of sleep disorder in her family history. There was no previous treatment
performed by the patient aiming to improve sleep quality. Regarding sleep habits,
the patient claimed to have a regular bedtime, going to bed at 23 h and falling asleep
at 23:15. She usually woke up at 4:40 and stayed in bed until 5:30. She referred to
wake up during the night 2-3 times; the reason for waking up was her own snoring.
She mentioned not feeling that sleep was repaired when waking up. She napped
throughout the day for 20 min on most days of the week.

Concerning sleep hygiene education, she denied watching TV in bed, lying in
bed sleepless, or reading in bed. She did not consume alcohol or tobacco, as well as
denying the practice of physical activity and the habit of eating large meals at night.
However, she reported consuming caffeine after 18 h on most days of the week. She
considered her sleeping environment adequate. Regarding snoring, she reported an
audible intensity throughout the house.

Clinical Findings

In the initial assessment, the patient was in good general condition, communicative
and with an adequate cognitive level. The measurement of the cervical circumfer-
ence was 37 cm.

As complementary exams, chest tomography revealed discrete bronchiectasis
with signs of mucoid impaction in the middle lobe of the right lung, with the rest of
the lung parenchyma without significant alterations. Virtual pleural spaces, normal
cardiac area, thoracic aorta, and pulmonary artery trunk with normal calibers were
also observed. Spirometry showed normal values in relation to the predicted value.
Transthoracic echocardiography showed normal findings. Nasofibroscopy revealed
an elongated palate, with Muller retropalatal 4/4+ circumferential/retrolingual 2/4+
anteroposterior. Friedman tong position [6] grade was III.

Timeline

The patient started the follow-up of the sleep disorder in a tertiary public hospital.
Screening and initial assessment were performed by a sleep physician. After per-
forming type I polysomnography, the patient was diagnosed with moderate OSA
(AHI = 25.8 ev/h), the use of CPAP was indicated, and she was referred to physical
therapy assessment and for CPAP adaptation (Fig. 23.2). CPAP eliminates snoring,
awakenings, and nocturia [1] in addition to improving sleep architecture, which has
a positive impact on the waking period, with an improvement in daytime
somnolence.
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Fig. 23.2 Information collected in the patient’s physiotherapeutic assessment, grouped according
to the International Classification of Functioning, Disability, and Health (ICF)—model of func-
tioning and disability. Image courtesy from the authors

Diagnostic Assessment

Type 1 polysomnography showed a sleep efficiency of 93.5%, with a total sleep
time of 428 min, reduced sleep latency (4.4 min), rapid eye movement (REM) sleep
latency of 80.5 min. Concerning sleep phases, 7.2% of the sleep time occurred in
non-rapid eye movement (NREM) N1 sleep stage, 47.1% in NREM N2 sleep stage,
22% in NREM N3 sleep stage and 23.7% in REM sleep stage. The AHI was 25.8
ev/h, with minimum saturation of peripheral oxygen (SpO,) of 73%; basal SpO, of
95%, and mean SpO, of 94%, and time spent with SpO, < 90% of 18.6 min. The
awakening rate was 25.2 ev/h. Snoring and abnormal respiratory events occurred
predominantly in the supine position.

Physiotherapeutic Intervention

Acceptance of the PAP with a nasal route interface occurred immediately.
According to the transtheoretical model of behavioral change [7, 8], the patient
was perceived to be in the preparation stage, already committed to the action to be
instituted. The patient initially received an orientation session [9], including edu-
cation intervention.
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Types of Therapeutic Intervention

Since the beginning of the treatment, the patient presented with adequate frequency
of CPAP related to the day of use and daily time of use. Initially, the device was set
in automatic mode (APAP), with (pressure range from 4 to 12 cm H,0) with auto-
matic ramp. The device did not have a heated humidifier and did not allow obtaining
data for telemonitoring.

After a week using CPAP, the patient returned to the office with no complaints
related to the use of the equipment. She reported sleeping better and showing
reduced daytime sleepiness (ESS = 6). Data are satisfactory in terms of time and
frequency, and apnea events are satisfactorily controlled. Here, it was decided to
adjust the mode to CPAP, with fixed pressure at 12 cmH,0, based on the P95
obtained from the CPAP equipment report.

Changes in Therapeutic Intervention

After 2 weeks, the patient returned to the office complaining of air leakage through
the mouth and oral dryness. She maintained a good adherence to CPAP. We used a
chin strap to control leaks, and the therapeutic pressure was reduced to 11 cmH,O.

One month after this episode, the patient returned to the outpatient clinic com-
plaining of a claustrophobic feeling when using the chin strap. Furthermore, she
maintained the complaint of oral dryness, and exhibited symptoms of daytime
sleepiness. The data from the device revealed adequate time using CPAP (more than
5 h/day), without significant leaks, and controlled AHI (1.3 ev/h), with the occur-
rence of snoring on some nights. To increase comfort, the use of a humidifier was
indicated, and the chin strap was suspended.

In the subsequent follow-up, the patient maintained high leaks in the nasal mask
and AHI control. On that occasion, the pressure was reduced to 10 cmH,0, to
improve patient comfort since higher pressures lead to more patient discomfort and
side effects [1]. In this consultation, the complaint presented by the patient was a
feeling of suffocation when using CPAP, as something that caused asphyxiation,
which was reversed after a few seconds. Faced with these complaints, sleep ergo-
nomics orientations were reinforced, asking the patient to adopt strategies for sleep-
ing in the lateral decubitus position.

Follow-Up and Outcomes

During the clinical follow-up of the patient using CPAP, adequate adherence was
observed, with control of respiratory events, with high unintentional leakage,
despite attempts to change the mask (different models of nasal route) and use of a
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chin strap. The initial complaint of excessive daytime sleepiness, which had been
controlled at the beginning of PAP therapy, was again present. It was evident that
the patient needed to be evaluated by another professional to confirm hypotheses
that were raised in the dialog with the patient during physical therapy reassessment,
mainly related to the complaint of asphyxia/suffocation evidenced during the use
of CPAP.

Discussion

The feeling of suffocation reported by the patient using PAP signaled the need for
investigation. This asphyxia is uncomfortable and may even represent a cause of
non-tolerance to CPAP. One hypothesis raised was that the patient could have epi-
glottis collapse. The data suggests that the prevalence of epiglottis collapse occurs
in 12% of cases of snoring, and sound originating from it has a higher pitch than
palatal snoring [10]. In situations of epiglottis prolapse, PAP pushes the epiglottis
posteriorly, creating a complete seal in the throat. The anatomical shape of the epi-
glottis is contradictory to the airflow generated by CPAP, so it acts as a CPAP barrier
[11]. This barrier is not relieved with higher PAP pressures (as would occur, for
example, if the structures that would perform this blockade were the soft palate or
tongue) and, in contrast, higher pressures lead to even more unpleasant sensations
in cases of collapse of the epiglottis [12, 13]. Decreasing the CPAP pressures also
does not usually work in these cases, since there is a need of enough pressure to
open the airway. As alternatives, mandibular advancement device (oral device),
hyoid suspension, or partial epiglottectomy are possible solutions to epiglottic
obstruction. Six different surgical techniques were described, considered safe, and
effective, including partial epiglottectomy, epiglottis stiffening operation, glosso-
epiglottopexy, supraglottoplasty, transoral robotic surgery, maxillomandibular
advancement, and hypoglossal nerve stimulation. The selection of the appropriate
surgical technique should be part of an individualized, patient-specific therapeutic
approach [14]. The surgical management of epiglottic collapse can improve OSA
severity or even cure OSA, but can also improve CPAP compliance [14].

The interdisciplinary approach made it possible to direct a new therapeutic
approach to the patient. The performance of DISE confirmed the presence of epi-
glottic collapse, and after the diagnosis, behavioral measures were reinforced, such
as weight reduction, recommendations to avoid dorsal decubitus when sleeping,
having in mind that these measures were not specifically directed to the epiglottis.

The patient was referred to the sleep dentist for the evaluation of the use of the
oral device [15]. Notably, this resource can confer benefits to the patient, but it also
does not address the epiglottis directly. The incorporation of these feature is still
under evaluation.

If behavioral strategies and the use of an oral device do not obtain a beneficial
response, the surgical option must be evaluated. We rarely see patients with OSA
having isolated epiglottis collapse, which explains why we currently don't have
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enough evidence to support any treatment that might specifically address this
problem.

For each strategy applied to the clinical case, the importance of clinical follow-
up by a different sleep professional is observed. Here, a sleep physician, a physio-
therapist, a dentist, and a otolaryngology surgeon were integrated [1]. If the surgical
option will be chosen, the postoperative period might include treatment with myo-
functional therapy, adding the speech therapist [16] to the team. At the beginning of
this patient’s treatment, the professional assistance received through a physician and
a physiotherapist was multidisciplinary. Here, the different disciplines acted in a
juxtaposed and non-integrative manner, with professionals working as independent
specialists. The professionals’ objective for this clinical case was common, but it
did not advance due to their own disciplinary limitations.

Faced with the complaint presented by the patient, the physiotherapeutic action
could no longer progress since it was on the margins of its own fields of activity. At
this point, in a meeting with the other specialists, the case was discussed interdisci-
plinarily, and a new level of conversation/discourse was established after the inte-
gration of different knowledge.

There is no need to involve multiple professionals in cases of simple manage-
ment. However, it is imperative that each professional knows the principles, con-
cepts, and field of action of the colleague from another faculty so that difficult
situations can be properly handled, and that the appropriate professional to integrate
the case or conduct specific investigations is incorporated into the team. Specifically
in sleep, there is a lack of evidence on the health team's approach, although empiri-
cally, greater patient engagement and, consequently, better results from the therapy
instituted are noticeable [17]. Given the multidimensionality of sleep disorders, this
integration of knowledge seems to make sense. In addition to this aspect, the case
presented here highlights that qualified listening in the patient follow-up process is
fundamental. The information collected from the patient guides the therapeutic
adjustment. Any professional needs to listen to his patient and associate the
responses of independent variables in all situations. If the patient’s initial sleep
complaint persists, even if the patient has the best AHI, he or she cannot be consid-
ered adequately treated. Considering this context, associating many variables with
the exam findings, and always having the idea that OSA is a prevalent disease,
which influences social relations and quality of life with major health impact [16],
this needs to be investigated in the clinical follow-up of patients.

What is strongly encouraged from this chapter is that sleep physiotherapists con-
sider patient-centered practice as an essential attribute in their professional prac-
tice [18].

The way the therapy is instituted will have a very significant impact on the
patient's engagement with the treatment [19]. The professional scope is limited and
keeping patients getting the best of their specific actions may not be enough. Finally,
there are cases where CPAP may not be a good choice for patients with epiglottic
collapse since the anatomical shape of the epiglottis is contradictory to the airflow
generated by CPAP.
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Introduction

Although central sleep apnea (CSA) is less frequent than obstructive sleep apnea
(OSA) in the general population, it is common in specific subpopulations, including
patients with cardiovascular and neurological diseases and those with chronic use of
opioids. Treating patients with CSA remains a challenge since different pathophysi-
ological mechanisms resulting from central respiratory instability and reduction in
the ventilatory drive are involved in the development of CSA [1, 2].

In clinical practice, continuous positive airway pressure (CPAP) has been the
first choice in the treatment of the main subtypes of CSA and can be used combined
with other therapies [3]. However, the management of CPAP parameters must be
performed individually, by a qualified professional, considering not only isolated
parameters, such as time and frequency CPAP use, apnea and hypopnea index
(AHI), and unintentional airflow leakage, but the set of information collected from
the anamnesis added to the sleep study’s findings and the complaints presented by
the patient, considering their disabilities and individual needs.

In this chapter, the clinical case to be discussed refers to a patient using CPAP for
the treatment of severe sleep-disordered breathing (SDB), with high therapeutic
pressures and periodic breathing pattern, presenting important complaints of dis-
comfort with the therapy. In this case, careful evaluation of the patient and periodic
clinical follow-up was essential to ensure therapeutic efficacy and treatment
tolerance.
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Patient Information

This is a male patient, 90-year-old, widowed, independent in activities of daily liv-
ing, good cognition, and using CPAP. He was referred by a cardiologist and accom-
panied by his children, who reported as main complaints residual daytime sleepiness,
especially in the morning, the presence of sporadic snoring, and discomfort with the
mask and chin strap used. The patient had been using CPAP for some years, without
follow-up with a sleep physiotherapist. As morbidities, he presented systemic arte-
rial hypertension, cardiac arrhythmia, previous transient ischemic attack, aortic
aneurysm, and had already undergone coronary artery bypass graft surgery 20 years
ago. He used medication to control his blood pressure and heart function.

Regarding sleep habits, the patient slept in a bed, in a comfortable room, with a
caregiver. According to family members, he had regular sleep and wake times. He
usually went to bed at 20:30 and started sleeping around 21:30, after putting on the
CPAP; he woke up and got out of bed at 07:00. During the night, he woke up 2-3
times to go to the bathroom. Despite not reporting periods of sleep during the day,
his children reported daytime sleepiness, especially in the morning. He did not con-
sume alcohol or tobacco, or caffeinated drinks. He performed motor physiotherapy
3 times a week and speech therapy 2 times a week. The patient lived with his daugh-
ter and had a dedicated and present family. He was very fond of reading and doing
crosswords during the day.

Clinical Findings

During the initial evaluation, the patient presented a body mass index (BMI) =29.4
kg/m?, neck circumference = 44 cm, and Friedman tong position [4] was grade
II. Blood pressure = 140 x 80 mmHg, heart rate = 78 bpm, and peripheral oxyhemo-
globin saturation (SpO,) = 96% in ambient air. On inspection, there were no impor-
tant anatomical changes, such as retrognathia or micrognathia. Edema was observed
in both legs.

Timeline

After performing a respiratory polygraphy test (type 3 polysomnographic sleep
study), the patient was diagnosed with severe SDB (AHI = 57 ev/h) and was referred
to a private service for treatment with CPAP. After a few years of positive airway
pressure (PAP) treatment, without sleep physiotherapist follow-up, during a new
medical appointment, he reported daytime sleepiness, nighttime snoring, oral dry-
ness, and discomfort with the mask and chin strap. Then he was referred to sleep
physiotherapist, already using CPAP, for evaluation and clinical follow-up.
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Diagnostic Assessment

The respiratory polygraphy showed 432 respiratory events, being 346 OSA, 04
CSA, 15 mixed apneas, and 67 hypopneas during sleep, making up an AHI = 57
ev/h. There was moderate SpO, associated with respiratory events (mean SpO, dur-
ing sleep = 94%, and minimum SpO, = 78%), being 57 min (12%) of the recorded
time with SpO, < 90%. Heart rate (HR) remained within normal limits, with a mini-
mum HR = 66 bpm and maximum HR = 81 bpm.

According to the type 3 sleep study, the patient was diagnosed with severe SDB,
considering the AHI classification: <4.9 ev/h = normal AHI; between 5 to 14.9 ev/h
= mild AHI; between 15 and 29 ev/h = moderate AHI, and > 30 ev/h = severe
AHI. There was a predominance of OSA, with central and mixed respiratory events.
The sleep study report showed a period of Cheyne-Stokes breathing (CSB).

Despite its portability, one of the limitations of respiratory polygraphy is that it
only comprises the recording of airflow, respiratory effort, and oximetry. Some
devices allow recording of body position and snoring. In addition, the absence of
electroencephalogram recording prevents the identification of sleep stages and
arousals, compromising the marking of arousal events related to respiratory effort-
related arousals (RERA) and hypopneas validated by arousal [5]. The American
Academy Sleep Medicine (AASM) classifies central hypopnea by the absence of
the following criteria: snoring, paradoxical thoracic-abdominal patterns, and flat-
tening of respiratory flow during the event [6]. However, the AASM doesn’t make
recommendations for central or obstructive hypopneas to be marked. This can also
be a limiting factor that can compromise the diagnostic test interpretation.

He scored 18 on the Epworth Sleepiness Scale (ESS), suggesting the presence of
excessive daytime sleepiness [7].

Physiotherapeutic Intervention

During the first consultation, the patient and his family received information about
his diagnosis, with an explanation of respiratory polygraphy findings, the possible
systemic consequences of sleep apnea, and the importance of adequate treatment in
improving his quality of life. He was also guided on healthy sleep habits and the
importance of a proper sleep routine.

The patient was already undergoing treatment with CPAP with oronasal interface
and chin strap. Therefore, after talking to him about his complaints and clarifying
all doubts, the CPAP data was evaluated. The parameters were set to automatic
CPAP (APAP), with pressure range from 14 to 19 cmH,0O, pressure at the 95th per-
centile (P95) = 19 cmH,0, ramp time = 20min, expiratory relief = 1 cmH,O only
during ramp time, and humidification = 4. Despite complaints presented by the
patient, data from CPAP device revealed adequate time using CPAP, with an aver-
age use of 6 h 32 min, a 96% adherence rate (% days of use >4 h), without
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unintentional airflow leakage. However, he presented residual AHI (14 ev/h), with a
record of 14.9% of CSB. The respiratory flow waveform analysis showed an
increasing-decreasing breathing pattern, alternating hyperventilation and central
apnea and hypopnea events, in addition to RERA events (Fig. 24.1a).

The initial approach was to change the oronasal to a nasal mask, and it was sug-
gested to stop using the chin strap, to assess the breathing pattern and unintentional
airflow leakage during sleep. The APAP was set with lower pressure range from 5
to 10 cmH,0O and the ramp time and expiratory relief were turned off. Humidification
was increased from 4 to 6.
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Fig. 24.1 Sample of 5-min respiratory waveform, extracted from positive pressure equipment. (a)
shows an increasing-decreasing breathing pattern, indicative of respiratory instability, with the
patient using APAP, expiratory relief, oronasal mask and chin strap; (b) shows a normalized
breathing pattern during sleep, after fixed CPAP pressure and nasal mask. Image courtesy of
the authors
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The clinical follow-up to evaluate changes in mask and therapeutic pressure
would initially occur once a week and that, after acceptation and therapeutic effi-
cacy, the clinical follow-up would occur with alonger interval between appointments.

Changes in Therapeutic Intervention

After a week, the patient returned to the office for a new clinical evaluation, report-
ing greater comfort with the nasal mask, without the chin strap. He also reported
having slept better and that he was no longer experiencing oral dryness. The patient
maintained good adherence (average time of use of 6h48min), with a median unin-
tentional airflow leakage = 1.2 L/min, AHI = 11.2 ev/h, with a predominance of
hypopneas and 17.2% of CSB. The CPAP was set at fixed pressure at 7 cmH,0,
based on the P95 obtained from the CPAP equipment report, with a 40-min ramp
time. Elevation of the head of the bed by 15 cm (equivalent to 45°) was also recom-
mended to reduce the rostral displacement of liquid during the night to the chest
region, preventing the appearance of central events.

In the following week, the patient reported better acceptance and comfort with
the PAP, with no relevant complaints related to the interface or oral dryness. The
daughter informed he was in a better mood during the day, with reduced daytime
sleepiness, being able to read books and crossword puzzles, as he enjoyed. She also
no longer heard the snoring-like noise while using CPAP. He maintained a good
adherence to CPAP, with an increase in the average time of use to 7 h 32 min, low
unintentional airflow leakage (4.8 L/min) with a significant reduction in AHI to 1.7
ev/h, without CSB recording. The respiratory flow waveform showed a regular
breathing pattern, without inspiratory flow restriction and periodic breathing pattern
on most nights.

Thus, the patient was instructed to continue using fixed CPAP at 7 cmH,O0,
40-min ramp time, and humidification = 6. Orientations on the importance of healthy
sleep habits and positioning in bed were reinforced. He was informed about clinical
follow-up through remote monitoring and periodic face-to-face consultations.

Follow-Up and Outcomes

After replacing the interface to a nasal model, without a chin strap, and fixed CPAP
pressure, the patient presented better acceptance to the treatment, with good adher-
ence to PAP, control of respiratory events, and minimal unintentional airflow leak-
age (Fig. 24.1b). He reported greater comfort with the nasal mask, with lower
therapeutic pressure, and without complaining of oral dryness. He reports sleeping
better, getting up only once during the night to go to the bathroom, and showed
reduced daytime sleepiness (ESS = 8). He can do his readings and crossword puz-
zles, with a better quality of life with his family.
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Discussion

In patients with SDB, conducting treatment based only on isolated variables can
compromise therapeutic efficacy and lead to false interpretations regarding the reso-
lution of the problem.

In the clinical case discussed, despite good adherence to CPAP, the patient pre-
sented a high residual AHI, with periodic breathing pattern, and relevant clinical
complaints. A careful initial assessment reveals this patient already had significant
cardiovascular morbidities, in addition to presence of central respiratory events
observed in the respiratory polygraphy, which may lead to a greater propensity for
ventilatory instability during treatment with PAP. In this case, the patient used
APAP, with high therapeutic pressures and exhalation relief adjustment during the
ramp time. The AASM recommends the use of fixed or automatic CPAP for ongo-
ing treatment of OSA in adults but emphasizes that this recommendation was based
on studies that excluded patients with morbidities, including those with CSA [8].
Therefore, in clinical practice, the use of fixed CPAP is recommended, since pres-
sure variation can contribute to the appearance of arousals and the perpetuation of
central events in patients with ventilatory instability and low arousal threshold,
which can lead to sleep fragmentation and daytime sleepiness, one of the main com-
plaints presented by the patient. The lowest possible therapeutic pressure that is
effective in suppressing obstructive events and reducing the respiratory control
instability should be used. Ventilatory stimuli such as automatic ramping, exhala-
tion relief, and responsive pressure relief should be avoided in these patients [1, 9].

Although it has been discussed the use of APAP, especially with high pressures,
can contribute to ventilatory instability and the appearance of central events, it is
important to emphasize that high therapeutic pressures should be avoided, whenever
possible, in any other condition, since they can increase the unintentional airflow
leakage and cause discomfort for the patient.

In the clinical case presented, one of the main complaints of the patient was
associated with discomfort with his oronasal interface. Despite the low uninten-
tional airflow leakage, possibly due to the association with the use of a chin strap,
the patient reported considerable discomfort. Several studies recommend the use of
a nasal mask as the first choice in the treatment of SDB and demonstrate that orona-
sal masks require higher levels of therapeutic pressure, increase unintentional air-
flow leakage, and residual respiratory events due to posterior displacement of the
tongue and soft palate and less adherence to treatment [ 10, 11]. In the analysis of the
respiratory flow waveform, periods of inspiratory flow limitation were observed.
Additionally, the increased inspiratory flow resistance can trigger an increase in the
patient's inspiratory effort, with consequent arousals, hyperventilation, and cen-
tral events.

In addition to pressure adjustment, therapeutic alternatives may be necessary for
the treatment of CSA. In the clinical case discussed, the patient, who already had leg
edema during the clinical evaluation, was instructed to raise the head of the bed to
avoid the rostral displacement of liquid to the chest region and the appearance of
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central events. This simple non-pharmacological and non-invasive intervention can
reduce the rostral displacement of fluids to the lungs, contributing to a reduction in
central, mainly concentrated at the end of the night [12].

In this context, optimization of therapeutic pressure with fixed CPAP, prolonged
ramp time, off-exhalation relief, adequate humidification, nasal interface, and posi-
tional therapy was effective in controlling respiratory events and reducing periodic
breathing periods. The patient reported greater comfort and tolerance to the treat-
ment, reduced daytime sleepiness, fewer nighttime arousals, and better functioning
and quality of life in their daily activities. So, it was not just a single adjustment that
made the difference, but a set of actions, centered on the patient, that resulted in
therapeutic efficacy and improvement of the patient's symptoms.

In this clinical case, there was total control of AHI values (<5 ev/h). However,
when it comes to CSA, normalizing the AHI is not the main goal, since the manage-
ment of this disorder requires greater parsimony on the part of the sleep professional
and a higher AHI can be tolerated once the primary cause of CSA is resolved, and
symptoms are under control. In the Canadian Continuous Positive Airway Pressure
for Patients with Central Sleep Apnea and Heart Failure (CANPAP) post hoc analy-
sis, there was early suppression of CSA by CPAP, with an AHI <15 events/h being
associated with an improvement in left ventricular ejection fraction and survival of
the patient with heart failure [13].

The basis of treatment for CSA is the optimization of the underlying cause.
Considering the etiological heterogeneity of patients with CSA, the combination of
therapies with an interdisciplinary approach, such as optimization of pharmacologi-
cal therapy, positional therapy, and PAP treatment, can control residual respiratory
events and improve the patient’s quality of life. Despite this, the treatment of CSA
remains a challenge for sleep professionals. Therefore, knowledge of the patho-
physiology involved in this SDB, which is associated with careful clinical assess-
ment, correct interpretation of sleep studies, and patient follow-up, is essential for
adequate management of CSA. In addition, it is important to consider each patient’s
individual needs and disabilities and their expectations regarding treatment.
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Introduction

Since the beginning of CPAP (continuous positive airway pressure) use in the 1980s,
by Dr. Colin Sullivan [1], until the mid-2000s, sleep-disordered breathing treatment
primarily focused on obstructive sleep apnea (OSA). Central respiratory events,
including complex apnea (known today as treatment-emergent central apnea) were
targeted for servo-ventilator treatment. Little was known about the sleep physiology
and pathophysiology. Phenotypic characteristics and overlap with other pathologies
were timidly explored. Mixed apneas were treated as obstructive events since
knowledge and access to respiratory flow curves during sleep were basically limited
to clinical research (algorithms of the positive pressure devices were difficult to
access, their limitations for the interpretation of respiratory events during sleep
were not known) [2]. Over the years, studies onto respiratory disturbances during
sleep have deepened. The precision medicine concept in sleep area has begun and
nowadays; it is necessary to have a broad knowledge of both pathophysiological
processes and individual characteristics for effective and assertive treatment of
respiratory disorders by using positive pressure.

Treatment-emergent central sleep apnea (TECSA) is characterized by the appear-
ance of central sleep apnea/hypopnea (CSA) while undergoing treatment for OSA
was initially observed in some patients who primarily had OSA after the significant
resolution of the obstructive events by treatment with a positive airway pressure
(PAP) device. Although it is more commonly reported during the initiation of PAP
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therapy, it is currently known that the TECSA could occur after various treatment
modalities for OSA, including the use of a mandibular advancement device (MAD),
maxillomandibular advancement surgery, sinus or nasal surgery, and also myofunc-
tional therapy [3, 4]. The prevalence of TECSA vary widely among different studies
ranging from 0.56 to 20.3% and it is considered a non-hypercapnia-induced central
sleep-disordered breathing [3, 5].

Potential pathophysiological mechanisms for TECSA include low arousal
threshold, ventilatory control instability (expressed by high loop gain in patients
with OSA and the presence of upper airway narrowing during central apneas and
hypopneas), prolonged circulation time, and activation of lung stretch receptors [3,
6, 7]. The central respiratory events seen in TECSA may be transient and resolve
spontaneously through strict adherence to the assigned therapy, but in some patients,
they persist even with regular therapy maintenance [3, 5].

There is controversy about the optimal method for treating TECSA. With regard
to PAP treatment, studies have shown that CSA events naturally disappear after few
months with the maintenance of CPAP. Bilevel PAP (Bilevel) with or without a
back-up respiratory rate can be an effective alternative for treating TECSA in
patients who do not respond to CPAP. And Adaptive Servo-Ventilation (ASV) could
be a treatment option for patients whose TECSA does not improve after use of
CPAP or Bilevel. Medications could be selected to improve ventilatory control sta-
bility or elevate the arousal threshold for TECSA patients, which may be a supple-
ment to PAP therapy, but there are no large sample clinical trials to confirm the
effectiveness and safety of such therapeutic options. More evidence is needed before
recommending oxygen therapy or carbon dioxide (CO,) supplementation as viable
treatments options for TECSA [3, 7, 8].

Specifically in relation to pressure therapy, the development of TECSA may
affect the effectiveness of OSA treatment and patient compliance [3]. Inadequate
ventilation strategies can, in turn, trigger central respiratory events, if the emergence
of these events is associated with ventilatory control instability or a high arousal
threshold. Thus, it is extremely necessary to identify TECSA, as well as to conduct
a detailed analysis of the facts for an adequate resolution of the problem.

Patient Information

A.C.G., a 59-year-old man, was referred to the PAP therapy adaptation program,
complaining of non-restful sleep, nightmares, snoring, and hypersomnia. Diagnostic
polysomnography (PSG) presented an apnea-hypopnea index (AHI) of 32.0 respira-
tory events/hour and titration study suggested a CPAP pressure of 13 cmH,0. The
patient started pressure therapy with an Auto-PAP at 5.6—13 cmH,0O. During a fol-
low-up visit at 2 weeks with an average of hours of CPAP use of 5:14 h and residual
AHI of 3.3/h, the patient still complained of non-restorative sleep and daytime
sleepiness. At the respiratory flow curve analysis, we observed central sleep apneas
typical of TECSA events.
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Diagnostic Assessment

Basal Polysomnographic Examination

The total recording time was 494.9 min. Stage N1 latency was 9.5 min (normal <30
min), and rapid eye movement (REM) sleep latency (REMSL) was 137.0 min (nor-
mal = 70-120 min). The total sleep time (TST) was 389.5 min (78.7% sleep effi-
ciency (SE); normal >85%) and the percentages of sleep stages in relation to TST
were N1: 12.3%; N2: 49.0%; N3: 18.2% REM sleep: 20.4%. Wake time after sleep
onset (WASO) was 95.9 min. 223 registered micro-awakenings (duration <15 ),
with an index of 34.4/h (normal <10/h). Two-hundred eight breathing pauses were
recorded during sleep, divided into 62 apneas (4 obstructive, 38 mixed, 20 central)
and 146 hypopneas. These breaks lasted between 10.0 and 59.0 s (average duration
= 18.0s), with an average oxygen saturation (Sa0,) of 95% and a minimum of 85%.
The Sa0, remained below 90% during 0.4% of total sleep time. The index of apnea-
hypopnea was 32.0/h (normal <5/h). Moderate-to-high snoring intensity was
recorded. Mean heart rate was 55.2 bpm (sinus rhythm). There were 69 periodic
movements of the lower limbs, with 2 events associated with awakening. The index
of periodic limb movements (PLMi) was 10.6/h (normal <15/h). The sleep labora-
tory evaluation showed: (1) Marked increase in AHI (32.0/h), with respiratory
pauses associated with oxyhemoglobin desaturation (minimum SaO, of 85%) and/
or micro-awakenings; (2) Constant, moderate-high intensity snoring on the night of
assessment; (3) Normal movement index (10.6/h); (4) Sleep architecture with: (a)
reduced SE (78.7%), (b) increased WASO (95.9 min), (c) normal NREM sleep
latency (9.5 min), (d) increased REMSL (137.0 min), (e) percentage of N3 normal
(18.2%), (f) increased N1 percentage (12.3%), (g) percentage of normal REM sleep
stage (20.4%); (5) Increased micro-awakening rate (34.4/h).

Polysomnography for CPAP Titration

A new PSG was conducted to regulate CPAP pressute. The total registration time
was 401.2 min. Stage N1 latency was 4.5 min (normal <30 min), and REM sleep
was 55.0 min (normal = 70—120 min). The TST was 329.5 min (82.1% efficiency;
normal >85%) and the percentages of sleep stages in relation to total sleep time
were N1: 4.1%; N2: 49.0%; N3: 26.4%; REM sleep: 20.5%. The WASO was
67.2 min. One-hundred sixty-three micro-awakenings were recorded (duration <15
s), with an index of 24.9/h (normal <10/h). A nasal mask (size XL) (Fig. 25.1a) was
used until 2:25h when it was changed to another model of nasal mask from other
brand (size L) (Fig. 25.1b), with manual pressure adjustment. With CPAP pressure
set at 13 cmH,O0, the patient did not snore, and no significant oxyhemoglobin desat-
uration was observed (minimum SaO, = 88%). In the total night (assessment of all
pressure levels), 66 respiratory pauses were recorded during sleep, divided into 17
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Fig. 25.1 (a, b) Different nasal route masks from different brands. The main difference between
these two models of nasal masks is the forehead support. Original figure. Image courtesy of Dr.
Vivien Schmeling Piccin

apneas (2 obstructive, 0 mixed, 15 central) and 49 hypopneas. These pauses lasted
between 10.0 and 26.5 s (average duration = 18.1 s), with mean SaO, of 94% and
minimum of 88%. Sa0O, remained below 90% during 0.3% of TST. The AHI was
12.0/h (normal <5/h). Mean heart rate was 54.8 bpm (sinus rhythm). There were
observed 116 periodic lower limbs movements, with 20 events associated with
awakening. The total rate of periodic was 17.7/h (normal <15/h). The evaluation
showed: (1) Considering, in each therapeutic adjustment evaluated, the sleep time,
the presence of REM sleep and supine position, better control of breathing events
occurred with CPAP at a pressure of 13 cmH,0; (2) With CPAP at a pressure of 13
cmH,0: normal AHI (4/h), associated with no relevant oxyhemoglobin desaturation
and/or micro-arousals (snoring abolished); (3) Slight increase in PLMi (17.7/h); (4)
Increased micro-awakening rate (24.9/h).
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Computed Tomography of the Face and Paranasal Sinuses

The face computed tomography (CT), prescribed by the otorhinolaryngologist, was
performed without contrast (Fig. 25.2) and revealed nasal septum inclined to the left
in the anterior cartilaginous portion and deviated to the right in the other portions,
with a bone spur to the left that remodels the inferior nasal turbinate on this side.

¢ Asymmetrical ethmoid fovea, lower on the right

e Pneumatization of the vertical lamella of the right middle concha

* Bilateral wide ethmoid bulla

e Prominence of the mucous component of the turbinates and nasal cavities

e Slight thickening of the mucous lining of all paranasal cavities, with probable
small retention cyst/polyp in the left maxillary sinus

* Discreet amount of secretion with bullae in right posterior ethmoid cell

e There is no liquid level

 Infundibulum, frontal and sphenoethmoidal recesses patent

¢ Rhinopharynx of regular contours

* Elongated soft palate

» Tongue with increased dimensions and verticalization of its longitudinal axis

» Topical hyoid bone

* And prominent palatine and lingual tonsils, with reduced pharyngeal air column
caliber (these findings can be found in individuals who snore or have OSA).

Additional findings: Hypoattenuating material fills some mastoid cells and coats the
right tympanic cavity. The anteroposterior diameter of the left eyeball is increased.

Fig. 25.2 Computed tomography of sinuses and face showing (white arrows): (a) Nasal septum
inclined to the left in the anterior cartilaginous portion and deviated to the right in the other por-
tions and (b) Elongated soft palate with reduced pharyngeal air column caliber. R right, P poste-
rior, / inferior. Reprinted with permission from A.C.G
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The patient reported that he usually goes to sleep at 22:00 and wakes up at 5:30. He
reported fragmented sleep, snoring, nightmares, and daytime sleepiness. He also
reported previous hernia treatment in the lumbar spine and pituitary adenoma. The
patient was in treatment with pantoprazole, rosuvastatin and cabergoline. Previously
underwent surgery to lumbar hernia correction and arthroscopy in the right knee. He
reported moderate alcohol consumption (4 times a week) and moderate physical
activity. He never smoked. The physical examination presented weight of 94 kg,
height of 178 cm, BMI of 29.7 kg/m?, modified Mallampatti score II1, SaO, of 97%,
HR of 65 bpm, and Epworth scale of 10.

Timeline

The timeline show the historical and current information of this case report is

depicted in Fig. 25.3.
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control and good adherence
to CPAP but still non-
restorative sleep and
daytime sleepiness. Central
sleep apneas typical of
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for CPAP titration t0 9.0 cmH20.
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Despite the increase in the

average time of use of CPAP and

the patient’s report of a better
comfort, a more restful sleep
sensation and an improvement
in daytime sleepiness, certain
periods of respiratory instability
during sleep were still noticed.
Positional therapy was
associated with the CPAP

Because of a persistent
respiratory instability without
flow restriction, the
therapeutic PAP mode was
adjusted to fixed pressure of
7.0 cmH20

Currently
We have observed a progressive
decrease in CPAP use over time
and a recent increase in residual
central respiratory events

For the subsequent period of
CPAP usage, the patient
maintained satisfactory results
and control of the respiratory
central events. We also noticed
an improvement and stability of
the patient’s breathing pattern

Fig. 25.3 Timeline panel showing the historical and current information from this case report.
CPAP continuous positive airway pressure, PAP positive airway pressure, AHI apnea hypopnea
index, TECSA treatment-emergent central sleep apnea
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Physiotherapeutic Intervention

As previously described, the patient started pressure therapy with an Auto-PAP
between 5.6 and 13 cmH,O. In a follow-up visit after 2 weeks, he still complained
of non-restorative sleep and the same daytime sleepiness. Moreover, at respiratory
flow curve analysis, we observed central sleep apneas typical of TECSA events
(Fig. 25.4).

Considering the respiratory instability observed at the beginning of the Auto-
CPAP treatment, the superior level of the Auto-CPAP was reduced to 9.0 cmH,0. We
observed a persistent respiratory instability, but without inspiratory flow restriction.
On the other hand, we observed a slight increase in the number of residual central
respiratory events and patient reported still a little daytime sleepiness. So, aiming a
breathing pattern improvement and patient comfort, and considering the existence
of a probable instability of the respiratory center (increased by excessive pressure
support), the therapeutic mode was adjusted to a fixed pressure of 7.0 cmH,O.

Despite patient comfort and improvement in sleepiness symptoms, respiratory
instability during sleep was still noticed (distributed at specific night periods). We
raised the hypothesis of the upper airway collapse related to sleep positioning (due
to palatal prolapse, because CT showed an elongated soft palate). Moreover, we
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Fig. 25.4 Screen of a graphical data presentation, extracted from positive pressure equipment.
The arrow shows a physiological sigh event, with a considerable increase in respiratory flow
(hyperventilation). Next, we observe that the inspiratory flow curve diminishes, in response to the
carbon dioxide level decrease caused by the increase in respiratory amplitude, as observed in the
previous respiratory cycle. In a 5-min window, we observed the maintenance of a subsequent
respiratory instability, including two central apnea events triggering detected by the equipment
algorithm. Reprinted with permission from A.C.G
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can be detected by analyzing the airflow shape obtained on CPAP data card. Reprinted with per-
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found a characteristic expiratory flow curve at the CPAP data (Fig. 25.5), corrobo-
rating the hypothesis of palatal prolapse [9, 10]. These data added to the hypothesis
of high loop gain presented by the patient could be the factors responsible for the
ventilatory disorder, resulting in the emergent central apneas. In fact, the product of
“control gain—CG” (represented by the sensitivity of central and peripheral chemo-
receptors) versus “plain gain—PG” (represented by the effectiveness of the lungs to
alter blood gases, plus the increase in factors that lead to collapse of the UA), deter-
mines the magnitude of the LG. There might be a dynamic LG increase with the
adoption of the supine position during sleep [11]. In our case, we considered that
adding a positional device could infer to the decrease respiratory response magni-
tude to a probable palatal prolapse (maybe, due to a supine position). As an adjunct
to the PAP treatment, a positional therapy was introduced with a positioning vest,
maintaining the therapeutic pressure fixed at 7.0 cmH,0.

Follow-Up and Outcomes

Without pressure adjustments, just adding the positional therapy along CPAP use, a
good therapeutic result was observed and for the subsequent period of CPAP usage,
the patient maintained satisfactory results and control of the respiratory central
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events (Table 25.1). We also observed an improvement and stability of the patient's
breathing pattern, as seen in Fig. 25.6.

During the patient follow-up, we performed a small increment in the therapeutic
pressure, to correct inspiratory flow curve limitation during sleep. Unfortunately,
we have observed a progressive decrease in CPAP use over time and a recent
increase in residual central respiratory events (Table 25.1).

Table 25.1 Main results of the initial period of CPAP usage and subsequent follow-up

Two-week
period of | Subsequent Subsequent Subsequent Subsequent
initial period of period of period of period of
CPAP use | CPAP use CPAP use CPAP use CPAP use
Usage days/total 15/15 2/2 (100%) 7177 (84%) 142/386 176/300
days (percentile of | (100%) (60%) (54%)
more than 4 h of
usage per night)
Mask Nasal Nasal Nasal Nasal Nasal
Pressure (cmH,0) | 5.6-13.0 5.6-9.0 7.0 7.0 72
95th percentile 11.2 8.9 7.0 7.0 7.2
pressure (cmH,0)
Median 9.4 8.0 7.0 7.0 7.2
pressure—cmH,0
Average usage 6:46 6:50 7:13 4:00 3:34
(total days) (h)
Median usage 6:42 6:50 6:11 6:30 6:11
(days used) (h)
Expiratory relief Off Off Off Off Off
95th percentile 13.2 14.4 6.6 6.0 7.5
leaks (L/min)
Median leaks (L/ |3.6 4.2 24 0.0 0.6
min)
Events per hour 8.5 8.8 9.4 4.8 6.3
(residual AHI)
Central apnea 4.0 4.4 3.7 1.4 3.1
index
Obstructive apnea | 0.6 0.6 0.8 0.3 0.4
index
Obstructive 3.8 3.8 4.8 3.0 2.7
hypopnea index
Unknown apnea 0.0 0.0 0.0 0.0 0.0
index
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Fig. 25.6 Screen of a graphical data presentation, extracted from positive pressure equipment.
The arrow shows a physiological sigh event, with a considerable increase in respiratory flow
(hyperventilation). Next, we observe that the inspiratory flow curve diminishes, in response to the
carbon dioxide level decrease caused by the increase in respiratory amplitude, as observed in the
previous respiratory cycle. In a 5-min window, we observed a faster recover of the normal respira-
tory flow curve, in relation of what was observed at initial period of CPAP use, as showed before
in Fig. 25.4. Reprinted with permission from A.C.G

Discussion

It is important to observe that central apnea rarely occurs as a single event; instead,
it occurs in cycles of apneas or hypopneas, alternating with hyperpnea, a reflection
of the negative feedback closed-loop cycle that characterizes ventilatory control
(often described by using the concept of “loop gain”) [6]. In our case report, it
seems that TECSA was a loop gain event mainly caused by two factors: (a) chemo-
reflex sensitivity (controller gain) reflecting the response of the ventilatory system
to changing pressure of end tidal carbon dioxide (the controller); and (b) the upper
airway anatomy causing the inspiratory flow restriction on the supine position by
palatal prolapse [11, 12].

TESCA treatment remains a gray area, and caution is recommended when a
therapeutic approach is extrapolated from other forms of central apnea.
Increased pressure or Auto-CPAP for patients with respiratory instability may not
be a good therapeutic alternative [13], as it may trigger more central respiratory
events, the association of positional therapy to control palatal prolapse, and, conse-
quently, maintain upper airway permeability during sleep seems reasonable. In fact,
the literature shows that in 61.5% of patients with primary CSA, positioning during
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sleep is the main causal factor of central respiratory events [14] and the positional
therapy could improve CSA optimizing the treatment of associated comorbid condi-
tions [15].

In this case report, positional therapy associated with CPAP improved TECSA,
but still with residual CSA events. The literature shows that about a third of patients
with TECSA may continue to exhibit persistence of CSA on reevaluation, and the
pathophysiological mechanisms for that remain unknown [3, 5]. But, in our case,
one plausible explanation for the residual central apneas observed could be that the
CO, reservoir and the apnea threshold for the patient are labile as a direct conse-
quence of the intermittent PAP usage and CPAP use decrease over time (as pre-
sented on Table 25.1). This view is supported by experiments that have demonstrated
that the magnitude of reduction in PaCO, below eupneic PaCO, and the transient
increase in alveolar ventilation required to attain the apneic threshold is not a con-
stant value. This variability in the apneic threshold by the non-regular CPAP use
could lead to persistence of central apneas on PAP therapy depending on the degree
of patient adaptation of chemoreceptors to the fluctuating CO, reservoir and the
apneic threshold [5]. Another justification for central respiratory events is that, over
time, the patient no longer uses positional therapy associated with CPAP.

In fact CPAP compliance is still a challenge and has been reported to range from
40 to 84% [16]. Adherence to long-term positional therapy was hampered by
patient-reported discomfort, and the reliability of adherence information is also
hampered by the subjective assessment of the data. One study evaluated tennis ball
technique and found that long-term adherence was less than 10%. Another group
studied patients wearing a supine sleeping position preventive vest and found adher-
ence lower than 30%, in an average period of 24 months of use of positional ther-
apy [17].

In our case, the patient reported that traveled often for work and the equipment
size was an impediment to take it on his travels. He was currently considering the
possibility of purchasing a mini-CPAP to make it easier to carry on when traveling.
The patient also reported that he is no longer using positional therapy .

Take-Away Messages

1. TECSA is a complex process that can combine central respiratory instability as
well as unfavorable upper airway structure and function.

2. Itrequires a careful assessment of the patient, including, in addition to polysom-
nographic examinations, information of the upper airway anatomy.

3. Treatment includes identifying the underlying causes and treating any precipitat-
ing factors.

4. The use of combined therapies can be a simple and cost-effective solution for
treatment-emerging central apnea management.

5. Therapy compliance is still a challenge.
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Patient Perspective

“Around 2015, I started to suffer with tiredness and drowsiness during the day. My
endocrinologist, in mid-2019, referred me to a sleep doctor. It was found that there
were several apneas during my night's sleep, and this was the cause of my daily
discomfort. I was then referred to a sleep physiotherapist to start the CPAP therapy.
With the frequent use of the equipment, I have had very regular periods of sleep,
with a much lower number of respiratory events that occurred in the period when I
did not use the device. The consequence of this continuous CPAP use is that I no
longer suffer from tiredness and drowsiness during the day.”
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Chapter 26 M)
Central Apnea and Neurological
Impairment: An Individual Management
with Something More...

Check for
updates

Rafaela G. S. de Andrade ), Maria José Perrelli ®, and Vivien S. Piccin @

Introduction

The association of sleep-related breathing disorders (SBD) and stroke is bidirec-
tional. SBD is a risk factor for stroke and patients with acute stroke and post-stroke
have SBD [1]. In turn, strokes disrupt multiple respiratory functions (Table 26.1),
depending on the site and extent of the neurological injury. Disorders of respiratory
mechanics, pattern, and control result from lesions affecting respiratory control cen-
ters and/or respiratory muscles. The prevalence of SBD varies widely (3-72%) on
patients with stroke [2].

Supra or infratentorial bilateral lesions have been associated with Cheyne-Stokes
breathing (CSB), while unilateral infratentorial strokes have been linked with cen-
tral hyperventilation, irregular (ataxic or Biot’s) breathing, apneustic breathing, and
sleep apnea disordered breathing [3, 4]. CSB and central sleep apnea (CSA) are
common after stroke. CSB is regarded as a characteristic sequel of an extensive
cerebrovascular accident and regularly found immediately after the stroke, while it
declines markedly 3 and 6 months into recovery [4—6] and it is characterized by a
hyperventilation, hypoventilation, in a crescendo-decrescendo fashion, followed by
an apnea. This breathing pattern reflects the instability of the ventilatory control
system [7] with a cycle length of at least 40 s [7] On the other hand, CSA in briefer
cycle and can be related to unstable breathing caused by high loop gain or to a
decreased output from the central neurons (Fig. 26.1).
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Table 26.1 Respiratory complications of neurological impairment

(a) Impaired chest wall mechanics and diaphragm function

(b) Abnormal breathing patterns
Cheyne-Stokes respiration (CSB)
Central apnea syndrome (CSA)
Central neurogenic hyperventilation
Apneustic breathing
Ataxic breathing
Hypoventilation or apnea sleep-disordered breathing
Others

a
Central Sleep Apnea

b Briefer cycle

Cheyne-Stokes Breathing
crescendo-decrescendo, diamond fashion

Longer cycle

Fig. 26.1 A schematic illustration from airway flow curve shape of CSA in (a) and CSB in (b)

In addition, delays due to hemoglobin binding, prolonged circulation time, and
increase in ventilatory drive may play a role in this physiopathology. All these may
predispose hyperventilation and subsequent lowering of PCO, below the apneic
threshold [8, 9]. Primary CSA has a different pattern with the apnea often termi-
nated abruptly by a normal breath [1]. Both CSB and CSA have been associated
with congestive heart failure and have been observed after history of stroke [1].
Next, we describe a clinical scenario where CSA was found, discussing the manage-
ment approach in detail and timeline events (Fig. 26.2).
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Fig. 26.2 Timeline panel showing the historical and current information from this case report.
CPAP continuous positive airway pressure, Bilevel PAP (positive airway pressure); [PAP inspira-
tory positive airway pressure), EPAP expiratory positive airway pressure), AHI apnea hypop-
nea index

Patient Information

L.D.R., an 88-year-old man, married, affected by diabetes, hypertension, dyslipid-
emia, vascular impairment, depression, and pulmonary emphysema had a recent
infection by coronavirus disease 2019 (COVID-19) (May 2022) with a long time of
hospitalization. Patient reported four previous ischemic strokes and complaint of
somnolence in the morning and during the day with interference in patient's activi-
ties. Additionally, the patient's wife has observed a respiratory effort during sleep,
even with Bilevel (a device that works with two distinct levels of positive airway
pressure known as IPAP/inspiratory airway pressure and EPAP/expiratory airways
pressure). He reported waking up frequently during the night to urinate and having
nightmares.

Clinical Findings

The patient reported that he usually goes to sleep at 11:00 pm and wakes up at 6:00
am. Patient underwent treatment with pioglitazone hydrochloride, chlorthalidone,
ramipril, atenolol, acetylsalicylic acid, aluminum glycinate, magnesium carbonate,
apixaban, paroxetine hydrochloride, rosuvastatin, quetiapine, and vortioxetine.
Previously, he underwent surgery to tonsillectomy a long time ago. The patient
reported alcohol consumption sometimes and light physical activity 3 times/week.
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He smoked an average of 3 packs/days and quitted at least 40 years. The physical
examination presented weight of 87 kg, height of 180 cm, body mass index (BMI)
of 26.9 kg/m?, modified Mallampati score IV, oxygen saturation (SaO2) of 92%,
heart rate (HR) of 78 bpm, during attendance.

Timeline
Diagnostic Assessment
Diagnostic Polysomnography

Stage N1 latency was 14.3 min (normal < 30 min), and rapid eye movement (REM)
sleep was 114.5 min (normal = 70-120 min). The total sleep time was 413.5 min
(76.6% efficiency; normal >85%) and the percentages of sleep stages in relation to
total sleep time were: N1: 2.4%; N2: 48.0%; N3: 16.3% REM sleep: 33.3%. Wake
time after sleep onset was 111.9 min. There were 458 registered micro-awakenings
(duration<15 s), with an index of 66.5/h (normal <10/h). Four-hundred forty-nine
breathing pauses were recorded during sleep, with an apnea hypopnea index (AHI)
of 65.2 ev/h. The average SaO, was 88.8%. The oxyhemoglobin saturation remained
below 90% during 61.1% of sleep time. The mean heart rate was 80.4 bpm. The
sleep laboratory evaluation showed: (a) Marked increase in apnea-hypopnea index
(65.2 ev/h), with respiratory pauses associated with oxyhemoglobin desaturation
(minimum Sa0, of 66%); (b) Fragmented sleep with an increase in micro-awaken-
ings rate, increased wake time after sleep onset (11.9 min); (c) Reduced sleep effi-
ciency (76.6%); (d) Increased REM percentage (33.3%). Patient diagnosed with
severe obstructive sleep apnea (AHI 65.2 e/h)—central apnea index was 1 e/h,
patient had more events from hypopnea than apnea as illustrated in Fig. 26.3 and
poor sleep saturation.

Computed Tomography

Computed tomography of the skull was performed during hospitalization by
COVID-19 (Fig. 26.2, step 5). Clinical context: vascular dementia, prolonged hos-
pitalization by COVID-19 with various infectious complications and delirium.
Diagnostic impression: enlargement of intracranial routes of cerebrospinal fluid cir-
culation, without hypertensive signs, related to reduction brain volumetric. Confluent
hypodensities of the bi-hemispheric periventricular white matter, usually related
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Fig. 26.3 Patient hypnogram from polysomnographic examination showing sleep fragmentation,
desaturations and hypopneas events during all polysomnographic examination. Reprinted with
permission from L.D.R

gliosis and/or myelin thinning. Areas of medial occipital and anterior temporal glio-
sis/encephalomalacia on the right. Nucleocapsular ischemic gaps in the radiated
crowns and cerebellar hemispheres. Vertebral and intracranial carotid
atheromatosis.
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Physiotherapeutic Intervention

Nasal Bilevel therapy (IPAP 15.0/EPAP 7.0 cmH,0) started in another service with
decrease in respiratory events, residual AHI 12.9 e/h. Compliance of Bilevel was
around 11 h/night. After few months, patient came to our service with an uncon-
trolled respiratory residual events index even with PAP therapy. We decided to
decrease de nasal Bilevel pressure to IPAP 14.0 and EPAP 8.0 cmH,0. We added
supplemental oxygen (3 L/min) during sleep since the patient presented poor oxy-
genation during majority of sleep time according to polysomnography.

After a brief period, patient had COVID-19 and increased neurological impair-
ment during hospitalization. The first nights after hospitalization, the Bilevel detec-
tion of respiratory events showed an increase in residual AHI index, at the expense
of central sleep events detected by the airflow shape (Fig. 26.4), with apnea hypop-
nea index of 52 e/h (Fig. 26.5). Then, with the patient at home, three physical thera-
pist visits were necessary to adjust the CPAP therapy to improve the therapeutic
results. We changed the ventilation mode to obtain an optimal control of the respira-
tory events, using a CPAP device adjusted in 9.4 cmH,0 + supplemental oxygen in
3 L/min + chinstrap, to mouth leakage control. Additionally, positional therapy was
proposed by the physiotherapist; however, patient did not tolerate elevated lateral
(right or left) decubitus during sleep due to vascular impairment of lower limbs.
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Fig.26.4 Respiratory airflow curve (1/min) with a periodic pattern. Central apneas can be observed
in (a) and (c). In (b) we can see mixed apneas with an abrupt opening of the upper airway causing
hyperventilation
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RERA Index: 0.0 % Time in CSR: 0.0
Total Usage
Used Days >=4 hrs : 40 Used Days <4 hrs: 1 % Used Days >= 4 hrs : 95
Days not used: 1 Total days: 42 Total hours used: 357:54
Median daily usage: 8:50 Average daily usage: 8:31
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Fig. 26.5 Bilevel statistics (a) and summary report (b). In (b) from top to bottom: Compliance
(usage) with therapy interruptions in black, residual AHI, leakage, inspiratory expiratory relation-
ship, tidal volume and Bilevel pressure (inspiratory pressure in black and expiratory pressure in
gray). After hospital time and a new stroke history, we can see a clearly increase of the respira-
tory events

Follow-Up and Outcomes

After intervention (CPAP pressure of 9.4 cmH,0 + supplemental oxygen of 3L/min +
chinstrap), we obtained a residual AHI of 5.9 ev/h, a compliance of 8.56 h/night, the
95th percentile of leakage was 11.6L/min, and SpO, of 94% during sleep, recorded
by high resolution pulse oximetry (Table 26.2).

Discussion

An early study [9] reported that CSB was present in as many as 26% of 161 patients
in the first 48—72 h after admission to the stroke unit, presumably within the first 5
days post-stroke [10]. On the same line, a meta-analysis of 86 studies showed the
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Table 26.2 Statistics report about compliance data, device configuration, lea and residual apnea-

hypopnea index
Bilevel evaluation after 30 days period of
hospital discharge initial CPAP use
Usage days/total days (percentile of more 40/42 (95%) 29/30 (97%)
than 4 hours of usage per night)
Mask Nasal Nasal
Pressure (cmH,0) IPAP 14.6/EPAP 8.6 9.4
95th percentile pressure (cmH,0) - 94
Median pressure (cmH,0) - 9.4
Average usage (total days) (h) 8:31 8:56
Median usage (days used) (h) 8:50 8:54
Expiratory relief 1—only ramp time 1—only ramp time
95th percentile leaks (L/min) 21.6 11.6
Median leaks (L/min) 9.6 35
Events per hour (residual AHI) 52.5 5.9

prevalence CSA after stroke or transient ischemic attack (TIA). In this meta-
analysis, 54 studies (61%) were conducted for researchers after less than 1-month
post-stroke. The overall prevalence of CSA (>50% of total apneas scored as central)
with an AHI >5 e/h was 12%; it was observed a major prevalence of obstructive
events in these patients [11]. In accordance, another study pointed out that CSA was
uncommon in a large cohort of patients with recent ischemic stroke event [12]. In
conclusion, CSB-CSA appears to occur during the acute stage of less than 5 days
post-stroke with a clinically significant prevalence. CSB-CSA tends to decline in
prevalence and severity as the post-stroke period evolves and may become negligi-
ble later. With all these concepts in mind, we will discuss this case report.

This interplay between hypocapnia and central apneic threshold is an important
factor in determining periodic breathing and central apneas [13]. The implications
for treatment are important because, sometimes the ventilatory mode can concur to
ventilatory instability. Clinicians may be tempted to use auto CPAP initially in the
absence of conventional PAP [1]. Patients with CSB-CSA fare poorly with auto
CPAP and this device should not be applied to patients with CSB-CSA [14]. On the
other hand, Bilevel, in this case, can converge with a hyperventilation and changes
in PaCO, culminating with central events and instability of the ventilatory control
system perpetuating more central and mixed events with an abrupt opening of the
upper airway.

SDB treatment must be personally and individualized, considering the history,
medication, and comorbidities of each patient. Knowledge about sleep physiology
and pathophysiology of sleep breathing disorders will be the foundation of the
patient treatment conduction.
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Take-Home Messages

. Sleep-related breathing disorders and stroke are bidirectional, SBD can be a risk

factor for stroke, and patients with acute stroke and post-stroke can present SBD.

. Periodic breathing is a quite common manifestation in patients after stroke.
. Patients with CSB-CSA fare poorly with PAP modes that destabilize the ventila-

tory center (as auto-CPAP and expiratory relief technology).

Treatment must be personally and individualized, considering the history, medi-

cation, and comorbidities of each patient.

Patient Perspective

Patient says he is sleeping much better, without having so many apneas and awaken-
ings. However, he reports that he wakes up approximately three times in the middle
of the night to eat. The patient's wife reports that her husband is experiencing less
daytime sleepiness.
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Chapter 27
Crescendo—Decrescendo: The Heart
Manifests Itself

Maria José Perrelli », Rafaela G. S. de Andrade @), and Vivien S. Piccin @

Introduction

Central sleep apnea (CSA) commonly occurs in patients with heart failure, espe-
cially in a pattern of Cheyne-Stokes Breathing (CSB), a well-described phenome-
non in the current literature. CSB shows an increasing—decreasing respiratory
pattern (known as a diamond-patterned respiratory flow) influenced by ventilatory
drive instability and nocturnal rostral fluid shift, and affects about 20-40% of
patients with left ventricular systolic dysfunction. Cardiac resynchronization and
reduction in cardiac post load tends to improve CSA in patients with cardiovascular
dysfunction [1].

Diagnosis of CSA with CSB requires the criteria of primary CSA (=5 central
apneas and/or central hypopneas per hour of sleep, with a total number of these
central events being >50% of total respiratory events in the apnea—hypopnea index
[AHI]) with three or more consecutive central apneas or hypopneas separated by a
crescendo—decrescendo respiratory pattern with a cycle length of >40 s [2].
Nevertheless, there is a great underreporting of central hypopnea in sleep exams
since respiratory effort is not measured directly via electromyogram or esophageal
pressure during polysomnography (PSG) [1]. Heart failure is the leading cause of
CSA-CSB and common symptoms are excessive daytime sleepiness, insomnia,
nocturnal dyspnea, and frequent awakenings. This respiratory pattern may also occur
during wakefulness and some studies suggest a worse prognosis of the disease [3].

The main treatment for CSA in patients with cardiovascular dysfunction is drug
optimization. The literature shows that the continuous positive airway pressure
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(CPAP) therapy targeted to normalize the apnea—hypopnea index (AHI) is indicated
for the treatment of CSA in these patients [4]. Despite the fact that there is no evi-
dence in the literature that CPAP decreases the mortality rate [5], the post-hoc anal-
ysis of the Canadian Continuous Positive Airway Pressure (CANPAP), study
suggests that early suppression of CSA by CPAP to an AHI below 15/h may improve
both left ventricular ejection fraction (LVEF) and heart transplant-free survival [1,
4]. Here, we describe a clinical scenario where CSA was found in a patient with
heart failure and atrial fibrillation, discussing the physiotherapeutic approach.

Patient Information

C.M.P, an 82-year-old man, presented with atrial flutter and fibrillation, sustained
atrial tachycardia and supraventricular tachycardia, LVEF 61%, mild edema
in lower limbs, sedentarism, complaint of daytime fatigue, dyspnea on mild efforts,
non-restorative sleep, daytime sleepiness, recent memory deficit, nocturia, oral
mucosa dryness, and moderate snoring, and was diagnosed with moderate sleep
apnea. Patient was referred for CPAP adaptation program by his physician due to
a baseline PSG presenting AHI = 23/h with predominance of unclassified
hypopneas.

Diagnostic Assessment
Diagnostic Polysomnography

The PSG examination was performed in a Sleep Laboratory following the criteria
of the International Classification Sleep Disorders [2]. The patient had a sleep
latency of 23 min, rapid eye movement (REM) sleep latency of 95 min, sleep effi-
ciency of 64.9%, and wake after sleep onset (WASO) of 151 min. The sleep stages
distribution was: N1=10.6%, N2 =63.8%, N3 =9.6%, and REM = 16%. Awakening
index was 13.6/h, lasting between 3 and 15 s. Apnea—hypopnea index (AHI) was 23
ev/h (Fig. 27.1), being 8.2/h for apneas and 14.9/h for hypopneas. In supine posi-
tion, AHI was 21 ev/h; considering only lateral decubitus and prone position, the
AIH was 24 ev/h. The number of respiratory events was 124 (80 hypopneas, 24
obstructive apneas, 10 central apneas, and 10 mixed apneas). Maximum duration
was 43 s. Oxyhemoglobin saturation (SpO,) in wakefulness before sleep onset was
95%, mean SpO2 during non-REM (NREM) and REM sleep was 95% and 94%,
respectively, and minimum SpO, was 87%. Patient remained 0.2% of the sleep time
with SpO, <90%. Mean heart rate during non-NREM sleep and REM sleep was 62
and 65 breaths per minute (BPM), respectively. Periodic movement of the lower
limbs index was 16/h, and 0.2% associated with awakenings.
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Fig. 27.1 Hypnogram of baseline polysomnography. Observe the increase in respiratory events at
the second half of the night. (Reprinted with permission from C.M.P.)

PSG demonstrated reduced sleep efficiency due to frequent periods of wakeful-
ness throughout the night, sleep architecture showing decreased stages NREM N3
and R, sporadic snoring, and moderate sleep apnea. Episodes of heart rhythm altera-
tion were observed.

Echocardiogram

Echocardiogram showed left ventricle with geometric pattern of concentric remod-
eling, segmental contractility, and normal systolic function. Left atrium was
enlarged, with normal right chambers. Mild pulmonary hypertension, mild to mod-
erate mitral reflux, and no thrombus were observed.

Holter 24 Hours

It showed predominant sinus rhythm, paroxysmal atrial flutter, atrial fibrillation,
and sustained atrial tachycardia. Periods of isorhythmic dissociation/junctional
rhythm, moderate supraventricular ectopy, and tachycardia episodes/non-sustained
atrial ectopic rhythm were observed.
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Clinical Findings

On the first day of CPAP adherence program, patient was evaluated and presented
with body mass index (BMI) of 21 kg/m? modified Mallampati score III, and
SpO, = 95% at rest. He was regularly treated with medications such as dabigatran,
diltiazem, metoprolol, empaglifiozin, and rosuvastatin. After CPAP initiation, the
patient underwent cardiac ablation for flutter correction.

Timeline

Historical and current information are depicted in Fig. 27.2.

Currentl
Patient was Y
referred to the At p aual The patient maintains good CPAP
er 4 days residual adherence. Residual AHI 1.3
Sf Arf :jhteit:art)iy'n central respi¥atory events After 21 days of CPAP use, events/hour. Patient refers no
1a e| ’ﬂv?AOQ were observed. CPAP was patient was submitted to daytime fatigue, no sleep
protocol with Auto di d to fixed cardiac ablation (flutter 8 g "
CPAP 4.0 10 8.0 adjusted to fixed pressure control) fragmentation and sleep quality
cmH20 (5.6 cmH20) improvement

S S - :
@ © © @

Beginning Patient After 13 days, residual IAH was 6.4 After one month of the cardiac

i ) complained of oral events/hour. Predominance of ablation, residual AHI was 2.3
Diagnostic dryness. Residual central respiratory events. We events/hour. We observed good
polysomnography AHI 2.1 (mostly observed better CPAP adherence CPAP adherence
hypopneas and and mask leakage control
unknown apneas).
Median CPAP
pressure: 5.6
cmH20

Fig. 27.2 Timeline panel showing the historical and current information from this case report.
AHI apnea—hypopnea index, CPAP continuous positive airway pressure, PAP positive airway
pressure
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Physiotherapeutic Intervention

The CPAP program started with home APAP—automatic continuous positive air-
way pressure—titration at minimum pressure adjustment of 4.0 cmH,0O and maxi-
mum of 8.0 cmH,0O, with a nasal mask.

At the beginning of the CPAP program, patient complained of mouth dryness.
We observed central apnea events in the CPAP reports (and witnessed by patient’s
wife). Analyzing the respiratory flow curves obtained from the CPAP memory card,
we observed periods of CSA (Fig. 27.3). Also, the patient complained of wearing
and adjusting the CPAP mask, leading to an excessive air leakage during the
CPAP use.

CPAP follow-up occurred weekly, trying to achieve the optimal CPAP pressure
adjustment for AHI control (below 5 ev/h) and patient comfort. We changed the
CPAP mode to fixed pressure after 5 days due to the presence of CSA in the flow
curves. Reassessments were made both remotely and personally (Table 27.1).
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Fig. 27.3 Respiratory flow curve showing ventilatory instability by periodic events of hypoventi-
lation (dark arrow) and hyperventilation (open arrow). (Reprinted with permission from C.M.P.)
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Table 27.1 Data obtained during the beginning of the CPAP program

M. J. Perrelli et al.

First day of Subsequent period | Subsequent period
CPAP usage of CPAP usage of CPAP usage

Usage days/total days (percentile | 1/1 (100%) 5/5 (100%) 20/20 (100%)

of more than 4 h of usage per

night)

Mask Nasal Nasal Nasal

Pressure (cmH,0) 4.0-8.0 4.0-6.0 5.6

95th percentile pressure (cmH,0) | 7.2 5.8 5.6

Median pressure (cmH,0) 5.3 4.3 5.6

Average usage (total days)—in 3:19 6:55 6:41

hours

Median usage (days used)—in 3:19 7:36 7:16

hours

Expiratory relief 3; only 3; only during ramp | 3; only during ramp

during ramp

95th percentile leaks (L/min) 22.8 45.6 49.2
Median leaks (L/min) 7.2 13.2 18.0
Events per hour (residual 2.1 6.7 6.4
apnea-hypopnea index AHI)

Humidification Level 5 Level 5 Level 5

Follow-Up and Outcomes

In a brief period, subsequent of the beginning of the CPAP use, the patient was sub-
mitted to a procedure of cardiac ablation (flutter correction) and referred to cardio-
respiratory rehabilitation. We maintained the CPAP mode in fixed pressure of 5.6
cmH,0 and observed a residual AHI of 1.3 ev/h (Table 27.2). Also, after family
guidance and reinforcement for the patient regarding the use of the CPAP mask, the

air leak was controlled.

In Fig. 27.4, we compare details of sleep quality and CPAP use pre- and post-

cardiac ablation procedure.
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Table 27.2 Data of CPAP use after cardiac ablation demonstrating AHI and leakage control, and

CPAP adherence
Period of CPAP Subsequent period of | Subsequent period of
usage after cardiac | CPAP usage after CPAP usage after
ablation cardiac ablation cardiac ablation

Usage days/total days 32/32 (100%) 61/61 (100%) 120/122 (93%)

(percentile of more than 4 h

of usage per night)

Mask Nasal Nasal Nasal

Pressure (cmH,0) 5.6 5.6 5.6

Average usage (total 7:33 7:51 7:16

days)—in hours

Median usage (days 7:32 8:03 8:02

used)—in hours

Expiratory relief 3; only Off Off
during ramp

95th percentile leaks (L/ 48.0 42.0 25.2

min)

Median leaks (L/min) 22.8 16.8 4.8

Events per hour (residual 2.8 1.2 1.1

AHI)

Humidification Level 5 Level 5 Level 5

Day (15t month)

Day (2nd month)

Usage
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Respiratary
events (AHI)

Leakage (Vinin)

CPAP pressire
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Fig. 27.4 This graph demonstrates sleep fragmentation (probably due to excessive leakage), and
residual respiratory events (AHI apnea—hypopnea index) with CPAP use (pre- and post-cardiac

ablation). (Reprinted with permission from C.M.P.)
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Discussion

The primary goals in CSA management are the control of abnormal respiratory
events and treatment optimization for comorbid conditions. The American Academy
of Sleep Medicine (AASM) recommends CPAP as the initial choice for CSA treat-
ment, but Bilevel Pressure Airway Positive (Bilevel) therapy and adaptive servo-
ventilation (ASV) could be considered by physical therapists when the CPAP cannot
control residual respiratory events. Apart from PAP devices, therapeutical options
include supplemental oxygen, carbon dioxide, and pharmacologic agents. The het-
erogeneity of disease requires individualized therapies for the proper management
of CSA rather than a homogenous treatment approach [4, 6-8].

In a clinical trial the short term CPAP use plus the best supportive care reduced
the central AHI because it resulted in little or no difference in cardiovascular mortal-
ity and no adverse effects were observed with CPAP [9].

Even though we used the APAP mode for CPAP titration, after 5 days we consid-
ered the use of fixed CPAP to prevent ventilatory instability. The literature considers
that CPAP treatment in patients with CSA stabilizes lung volumes by reducing the
changes in partial pressure of carbon dioxide responsible for the abnormal respira-
tory rhythm [10, 11]. On the other hand, we consider that in this case the cardiac
ablation procedure was essential to stabilize the patient organism, resulting in suc-
cessful control of CSA-CSB with the CPAP device.

In our case study, the respiratory stabilization at the central nervous system level
was achieved after a period of 5 months of PAP therapy, since treatment with CPAP
requires some period to gradually promote stability of the ventilatory control sys-
tem [12]. The multidisciplinary approach and close clinical follow-up by the phsio-
therapist during PAP therapy were fundamental for the case success. It is important
to mention that although there is evidence in the literature that PAP therapy does not
reduce the risk of heart-related mortality, there is some indication of improved qual-
ity of life in patients with heart failure and CSA. PAP therapy may be worth consid-
ering for individuals with heart failure and sleep disorders to improve their quality
of life [13, 14].

Take-Home Message

1. Drugs administration or surgical compensation for heart failure and/or atrial
fibrillation can be critical to CSA improvement in cardiac patients.

2. APAP in cardiac patients may worsen central events.

3. The respiratory stability as well as the control of CSA demand a period of adap-
tation of CPAP. The fixed pressure mode is recommended to limit ventilatory
stimulus variations during the sleep.

4. Close monitoring of respiratory events and patient complaints are important for
PAP adherence.
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Patient Perspective

Nowadays the patient extensively uses CPAP device without complaints. The patient
reports sleep and quality of life improvement.
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Introduction

Although non-invasive ventilation (NIV) is widely used in patients with chronic
obstructive pulmonary disease (COPD) and stable hypercapnia, there remain sev-
eral questions regarding the phenotype that may be most responsive to treatment,
timing of intervention, and mode of therapy that may produce the best outcomes.
The current case serves to illustrate a few issues requiring consideration when using
nocturnal NIV in patients with stable chronic hypercapnic respiratory failure,
including sufficient inspiratory support to reduce nocturnal carbon dioxide (CO,)
and the role of remote monitoring.

Patient Information

A 56-year-old woman, ex-smoker, residing in a regional town was referred to a
quaternary center for review and management of her NIV. The patient had been
diagnosed with severe COPD some years earlier. She had been on oxygen therapy
for around 8 months. More recently she reported increasing exertional breathless-
ness and was found to be in chronic hypercapnic respiratory failure, with a PaCO,
(partial pressure of carbon dioxide) of 54 mmHg sampled with the patient awake.
She was commenced on nocturnal NIV by her local respiratory care team. However,
higher levels of inspiratory support were not tolerated and despite extended use of
NIV, the awake CO, continued to rise to 60 mmHg with bicarbonate 41 mmol/L.

A. J. Piper (D<)
Respiratory Support Service, Department of Respiratory and Sleep Medicine, Royal Prince
Alfred Hospital, Camperdown, NSW, Australia

© The Author(s), under exclusive license to Springer Nature 265
Switzerland AG 2023

C. Frange (ed.), Clinical Cases in Sleep Physical Therapy,
https://doi.org/10.1007/978-3-031-38340-3_28


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-38340-3_28&domain=pdf
https://orcid.org/0000-0003-3824-6172
https://doi.org/10.1007/978-3-031-38340-3_28

266 A.J. Piper

She resided with her husband, who was very supportive. Her usual medications
included Panadol, Aspirin, Ostelin, and Trelegy. She reported two episodes of respi-
ratory arrest in the past when given intravenous (IV) midazolam, and stated she was
intolerant of other benzodiazepines.

Clinical Findings

On the afternoon prior to her sleep study, her resting SpO, (oxygen saturation mea-
sured by pulse oximetry) on 3 L/min was 89%, with normal sinus rhythm and a
heart rate of 100 bpm. Her jugular venous pressure was not raised. On auscultation,
breath sounds were reduced with an occasional inspiratory wheeze. Her body mass
index was 27 kg/m>.

Timeline

2014 Diagnosed with COPD
2017 Osteoporosis identified

2019 Emergency Department admission with tibia and fibula fracture; respiratory arrest
after administration of midazolam

2019 Commenced on aclasta (zoledronic acid) infusion yearly

2020 Increasing complaints of exertional breathlessness; patient becoming increasingly
hypoxic; arterial blood gas confirmed chronic stable hypercapnic respiratory failure

2020 Non-invasive ventilation initiated as an outpatient locally

Diagnostic Assessment

Lung function testing performed prior to commencing NIV showed significant
obstruction with an FEV, of 1.2 L. (45% of predicted), and a ratio of forced expira-
tory volume in one second to forced vital capacity (FEV /FVC) of 63%. Total lung
capacity was 106% of predicted while residual volume was 187% of predicted,
indicating significant air trapping.

A chest X-ray was performed, which showed a mildly enlarged heart with pul-
monary venous congestion but no interstitial or pulmonary edema. An echocardio-
gram showed no evidence of pulmonary hypertension nor any significant valve
defects.

Following the initial blood gas showing chronically raised PaCO,, a diagnosis of
severe hypercapnic respiratory failure secondary to COPD was confirmed. The
patient agreed to a trial of nocturnal NIV.
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Physiotherapeutic Intervention

She was commenced on NIV as an outpatient using a spontaneous timed (ST) mode
with a backup rate of 16 bpm and a rise time of “3.” The inspiratory positive airway
pressure (IPAP) was set initially at 10 cmH,O and expiratory positive airway pres-
sure (EPAP) at 6 cmH,0. Over the next 8 weeks numerous attempts were made to
increase the IPAP above 11 cmH,O, but the patient was unable to tolerate this,
complaining of significant aerophagia and discomfort at each attempt. Overnight
oximetry on NIV was arranged by the local care team. This showed ongoing severe
nocturnal hypoxemia despite NIV and 4 L/min of supplemental oxygen. Ninety-
nine percent of the recording time was spent with SpO, <85% (Fig. 28.1). Nocturnal
carbon dioxide monitoring on NIV could not be performed locally. Although the
patient was using NIV therapy for more than 12 h per 24-hour period, the awake
PaCO, remained between 55 and 60 mmHg, with bicarbonate of 35 mmol/L and pH
7.35. She was referred to a quaternary home NIV service.

A Level 1 polysomnogram (PSG) including transcutaneous carbon dioxide
(TcCO,) was arranged by the quaternary service to review and further titrate
NIV. The goal was to identify any issues contributing to intolerance of higher levels
of pressure support. A download from the device showed no unintentional leak with
the nasal mask; it was not clear if this would still be the case when higher inspira-
tory pressures were used. She was trialed with an oronasal mask but did not tolerate
this, feeling claustrophobic. A chinstrap was fitted and trialed in case significant
mouth leak occurred with her nasal mask during the study. She commenced the
sleep study using her usual home NIV settings with the exceptions of the inspiratory
time, which was reduced from 1.4 to 1.2 s, and an increase in the rise time from a
setting of 3 to 2. Once asleep, pressure support was gradually increased. There was

Basal Saturation 84% Average Saturation 79%

spo2
(%)

0100 AM 0200 AM 0300 AM 0400 AM

Fig. 28.1 Nocturnal oximetry recording of the patient on NIV and 4 L/min of supplemental oxy-
gen after a few weeks of low-span bilevel therapy. The patient was compliant with therapy but no
improvements in daytime PaCO, occurred. The patient remained extremely hypoxic during sleep.
PaCO, partial pressure of carbon dioxide, SpO, oxygen saturation measured by pulse oximetry
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Fig. 28.2 Overnight SpO, and TcCO, monitoring during the polysomnographically guided NIV
titration study showing the gradual reduction in TcCO, as the level of pressure support was
increased. SpO, oxygen saturation measured by pulse oximetry, 7cCO, transcutaneous carbon
dioxide monitoring

no evidence of any patient—ventilator asynchrony or upper airway obstruction dur-
ing the study. Consequently, expiratory positive airway pressure (EPAP) was
reduced to 5 cmH,O. Consistent with the device download data, tidal volumes
remained below 300 mL with pressure support levels of 5-9 cmH,0, with failure to
reduce TcCO, levels. IPAP was gradually increased to 21 cmH,0, resulting in tidal
volumes of around 500 mL.

There was a gradual reduction in TcCO, at the higher inspiratory pressures
(Fig. 28.2), and the patient became more passively ventilated as pressure support
increased (Fig. 28.3). A volume-targeted pressure support mode was trialed but
showed no advantage over fixed pressure support. Supplemental oxygen at 2L/min
was added to maintain a baseline of 88-92%.

Next morning the results of the study were explained and discussed with the
patient. She was surprised the pressure had been taken so high without any symp-
toms of aerophagia being experienced. A home trial with higher IPAP was under-
taken. The patient was cautious about having the IPAP set too high initially given
her previous experience and was sent home with the bilevel device set in a fixed
pressure ST mode, IPAP 19 cmH,O, EPAP 5 cmH,0, backup rate 17 pm, Ti 1.2 s,
and rise time 2. Supplemental oxygen at 2 L/min was added.
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Fig. 28.3 One-minute epochs of Wake, N3, and rapid eye movement (REM) sleep showing the
impact of increasing pressure support on lowering TcCO,. During the transition between wake and
sleep, TcCO, rose to 60 mmHg with low-span bilevel ventilation. As the pressure support increased,
TcCO, gradually fell and ventilation became more passive, with an increasing number of breaths
being machine triggered. EEG electroencephalogram, EOG electro-oculogram, EMGgg electro-
myogram genioglossus, SpO, oxygen saturation, 7cCO, transcutaneous carbon dioxide
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Follow-Up and Outcomes

Progress with therapy was monitored remotely with data on ventilation being sent
to and stored on the cloud for regular review, looking at unintentional leak, tidal
volumes, and usage. Over the next 2 weeks, IPAP was increased in 1 cmH,0O weekly
increments to 21 cmH,O, without any adverse impact on the patient in terms of
aerophagia or increased mask leak. Even the small increase in IPAP from 19 to 21
cmH,0 produced important increases in average tidal volumes (Fig. 28.4). She
reported sleeping well on therapy and found she did not need to use the device as
much during the day for breathlessness. Her mean usage fell to 7 h and 55 min/
night. A repeat blood gas taken 3 months later showed awake PaCO, had fallen to
45 mmHg and bicarbonate to 28 mmol/L.
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Fig. 28.4 (a) Delivery of low-average tidal volumes when low-span bilevel therapy was used
initially. (b) During the 4 weeks following the PSG-titrated NIV review, average tidal volumes
were substantially higher with the increased level of pressure support. The higher-intensity NIV
produced more passive ventilatory support, with more breaths machine triggered
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Fig. 28.4 (continued)

Discussion

Chronic obstructive pulmonary disease is a common indication for home non-
invasive ventilation (NIV), accounting for more than 30% of prescriptions in many
regions [1, 2]. Until recently, uncertainty existed around the clinical benefits of
using NIV for the long-term management of stable hypercapnic COPD [3]. This
contrasts significantly with the strong evidence underlying the use of NIV for acute
hypercapnic exacerbations of COPD [4]. Early studies evaluating home NIV in
patients with COPD frequently used modest levels of pressure support (often <10
c¢mH,0), which may have accounted for the limited clinical benefits found compared
to standard oxygen therapy alone [5—7]. More recent studies have used a ventilation
strategy of high-intensity NIV (HI-NIV), which focusses on using the highest levels
of pressure support tolerated by the patient with the aim of maximizing the reduc-
tion in CO, [8—11]. These studies have demonstrated significantly greater benefits
including better health-related quality of life [8, 12—14], reduced hospital admis-
sions [9, 14], exercise tolerance [12], and improved survival [8, 13], although the
impact on this latter outcome may be modest [12]. While there were initial concerns
patients would be unable to tolerate high inspiratory pressures, it has been
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subsequently shown that compliance is not compromised, with no adverse effects
on sleep quality [15] or cardiac performance [16]. Recent guidelines from the
European Respiratory Society [12] and the American Thoracic Society [13] provide
conditional recommendations for the use of nocturnal NIV in stable hypercapnic
COPD, using a high-intensity approach to target CO, reduction. In a web-based
survey conducted prior to the release of these guidelines, the majority of responders
(44.4%) reported prescribing bilevel devices with a low-pressure span for COPD
patients, with only around one-quarter routinely using high-intensity NIV (26.9%)
[1]. The recent guideline recommendations [12, 13] published after this study
should change clinical practice and encourage the greater use of high-intensity NIV.

Volume-assured pressure support is a hybrid mode of ventilation that automati-
cally varies the level of pressure support to maintain a stable target tidal volume or
alveolar ventilation. Several medium-term studies evaluating this newer mode of
ventilation in patients with stable hypercapnic COPD have found equivalent out-
comes between this mode and fixed pressure bilevel ventilatory support with respect
to sleep quality, control of sleep hypoventilation, daytime blood gases, quality of
life, adherence to therapy, and exercise capacity [17-19]. However, some individu-
als who are intolerant of higher levels of pressure support when awake may do bet-
ter with this mode to assist acclimation to therapy [17, 20]. Theoretically, the ability
to automatically vary the level of pressure support in the face of changing lung
mechanics and with disease progression may also be beneficial longer term in some
individuals, although this has yet to be established in longer-term studies. Care is
needed to ensure large unintentional leak or persistent upper airway obstruction is
not present when using volume-assured pressure support as these issues can impact
the effectiveness of therapy [21].

The interface used for NIV is seen as a key element in the success of therapy [22],
influencing both patient comfort and the degree of unintentional leak seen during
treatment. A large European study surveying home NIV practices from two decades
ago reported the use of nasal masks in around 80% of patients diagnosed with lung
disease [2]. In contrast, more recent studies have described oronasal masks being used
in 80-90% of patients with COPD [23-25]. However, good-quality data to guide
choice are limited. A small randomized crossover trial found both oronasal and nasal
masks were capable of delivering effective NIV in patients with COPD, but authors
commented that an individual’s response to different interfaces was extremely hetero-
geneous [26]. Patients who are older, who require higher IPAP levels, or who com-
mence home NIV due to persisting hypercapnia after acute respiratory failure are
more likely to be prescribed an oronasal mask [23]. A recent meta-analysis of eight
randomized controlled trials assessing the efficacy of NIV in patients with obesity
hypoventilation syndrome (OHS) and COPD found no difference between the mask
types with respect to improvements in awake blood gases or adherence to therapy [24].

In the past, routine clinical practice was to admit patients with COPD for inpatient
NIV acclimation and titration, with some studies reporting mean inpatient stays of
5-7 days [8, 27] especially when setting up high-intensity NIV. Given resource con-
straints in many centers this is not always feasible, resulting in delays in initiating
NIV while waiting for an in-patient bed. Such delays have been shown to impact
survival in neuromuscular [28] and COPD patients [29]. Consequently, investigators
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have looked at the feasibility of initiating and titrating NIV in the outpatient [25, 28,
30, 31] or home [27] settings and have reported similar clinical outcomes irrespective
of the location of initial trials of NIV. A study of 67 stable hypercapnic COPD
patients who were randomized to NIV initiation either as an inpatient or at-home
with the use of telemedicine found no difference in gas exchange, health-related
quality of life, symptoms, hospitalizations, or therapy compliance at 6 months, with
substantially lower costs to initiate therapy in the at-home group [27].

The use of an attended polysomnogram (PSG) to initiate and titrate NIV in
patients with COPD is no longer considered necessary to optimize therapy [12, 13].
Rather the goal is to target the normalization of CO,, or at least reduce it signifi-
cantly [8, 10, 12, 13]. This can be carried out during daytime sessions, although it
may take longer to finalize settings compared to an in-patient approach [27]. In a
randomized study of non-COPD patients, Hannan et al. [32] reported patients
undergoing PSG-guided titration of NIV had less patient—ventilator asynchrony
compared to those undergoing daytime titration only, although this did not translate
to better clinical outcomes. However, patients with low initial adherence to NIV
significantly improved average daily use after undergoing a PSG-guided titration. In
a small observational study of COPD patients experiencing dyspnea after coming
off NIV, use of PSG to review and guide NIV settings improved patient comfort and
led to a marked reduction in morning breathlessness [33]. Consequently, PSG to
titrate NIV settings in patients with COPD may be reserved for those experiencing
problems either adapting to therapy or experiencing side effects from it. Rather,
daytime titration with the goal of reducing CO, to within or close to normal values
is recommended [8, 10, 12, 13, 27].

Interest in two-way remote monitoring of patients using home NIV has increased
in recent years, with many bilevel devices designed for domiciliary NIV now rou-
tinely equipped with in-built modems and software capable of capturing, storing,
and analyzing ventilation data. This technology provides the opportunity to set up
NIV remotely, either by gradually adjusting settings manually or using auto-
adjusting bilevel modes. Either approach reduces the need to admit patients to the
hospital for NIV acclimation, with ongoing monitoring of basic ventilation data
such as leak, tidal volume, upper airway obstruction, and usage to guide care. Data
from a retrospective cohort study demonstrated this approach is not only feasible
but also prolongs time to readmission or death within 12 months of commencing
NIV compared to a comparator group of patients not using NIV [34]. Once estab-
lished on home NIV, close outpatient review of patients is necessary to identify and
correct ventilation issues that could impact on adherence or effectiveness of therapy,
including patient—ventilator asynchronies and leak. However, patients with severe
disabilities, who are socially isolated or geographically remote from specialized
respiratory and home ventilation services, may find it difficult to attend regular
outpatient clinics. Remote monitoring of NIV for these individuals may overcome
current barriers to follow-up. Although many of these signals are yet to be validated
[35, 36], monitoring and review of this information can improve the clinician’s abil-
ity to recognize potential problems early and intervene to optimize ventilation.
There is some evidence that remote ventilator monitoring may even provide early
recognition of disease exacerbations [37].
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Patient Perspective

The patient was keen to use NIV even when aerophagia was limiting how effective
therapy was. As she was experiencing daytime breathlessness, “knowing the
machine was there to help my breathing really helped my anxiety. It was good to put
the mask on as I could relax.” The patient reported she still woke up at night “but
this was for coughing or going to the toilet. I'm sleeping better and longer now,
especially since the machine was set up to give me bigger breaths. When they told
me I needed to use a breathing machine for sleep, it upset me a bit. I knew I was
getting worse, but that made it real. But I wanted to do anything I could to start to
feel better and not have to go to hospital. At first it was a bit hard, but even when I
was having problems early on I just told myself I had to do it and when I realized it
helped me when I lost my breath, I was happy to use the machine. I was really sur-
prised myself that the higher pressure worked so well. It’s really good to have my
husband there to help me with the machine, especially all the cleaning stuff. I just
leave that to him. I don’t want to be without the machine now.”

Take-Home Messages

There is increasing evidence of improved clinical outcomes using home NIV in
selected patients with stable hypercapnic COPD. However, these benefits are pri-
marily seen in patients exhibiting a stable PaCO, level >52 mmHg at least 2—4
weeks following an episode of exacerbation. Titration of settings should be initially
undertaken during daytime sessions conducted as an outpatient or in the patient’s
home, reserving PSG-guided titration to those experiencing issues with therapy
including poor adherence or deventilation dyspnea. The goal of titration should be
to maximize the reduction in CO, clearance, using the highest level of pressure sup-
port the patient can comfortably tolerate. Advances in ventilator technology are
providing the opportunity to monitor an array of physiological and ventilator param-
eters remotely to identify early any issues with therapy and adjust settings
accordingly.
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Sleep-Disordered Breathing

in Concomitant Chronic Obstructive
Pulmonary Disease and Obstructive Sleep
Apnea: The Overlap Syndrome

Amanda J. Piper ©®

Introduction

A significant proportion of people with chronic obstructive pulmonary disease
(COPD) also have obstructive sleep apnea (OSA) and when this occurs, it is referred
to as the overlap syndrome. This co-occurrence of OSA and COPD is associated
with a higher burden of health impairments compared to either disorder alone,
including poorer quality of life [1], higher risk of hospitalization [2], and reduced
survival [3]. However, in many patients with COPD, the presence of OSA goes
unrecognized and untreated. While continuous positive airway pressure (CPAP) is
the treatment of choice for uncomplicated OSA of moderate or greater severity, the
optimal form of positive airway pressure (PAP) therapy in overlap syndrome and its
effects on clinical outcomes not been rigorously investigated. The goal of this case
study is to highlight current practices and issues to consider when using PAP ther-
apy in patients with overlap syndrome.

Patient Information

A 71-year-old man with previously diagnosed COPD presented to the Emergency
Department (ED) with fevers, shortness of breath, lethargy, and decreased appetite.
He was hypoxic and the chest X-ray showed right middle and upper zone consolida-
tion. He tested positive for Coronavirus Disease-2019 (COVID-19) and was
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transferred to intensive care unit (ICU) with diagnoses of pneumococcal pneumonia
superimposed on COVID-19 and acute infective exacerbation of COPD. During the
admission, staff observed loud snoring with periods of apnea and desaturation. As
part of his discharge plan, an outpatient diagnostic sleep study was arranged to
determine if obstructive sleep apnea was present and if so, its severity.

His past medical history included a 20-pack-year smoking history, having quit
25 years ago, and liver cirrhosis from alcohol and non-alcoholic fatty liver disease.
The patient has bilateral total knee replacements, mobilizes with a walking stick,
and lives with a carer who assists him in completing some activities of daily living
such as cooking, cleaning, and shopping. He experiences significant back pain from
time to time, which can impact his sleep. His current regular medications include
Frusemide, Spironolactone, Salbutamol, and Umeclidinium/Vilanterol.

Clinical Findings

The physical examination was unremarkable apart from morbid obesity with a body
mass index of 40 kg/m?. His resting SpO, was 95% on room air with a heart rate of
82 bpm. He had no signs of lower leg edema, and his jugular venous pressure was
not raised. He reported frequent nocturia.

Timeline

August 2022 Presents to ED with fevers and lethargy; diagnosed with pneumococcal
pneumonia, COVID-19, and an acute exacerbation of COPD; transferred to
ICU and after 10-day hospital admission, discharged home

September 2022 | Diagnostic sleep study performed, in laboratory
October 2022 CPAP titration study, in laboratory
February 2023 CPAP review study

Diagnostic Assessment

Subjectively, the patient denied daytime somnolence, recording an Epworth
Sleepiness Score of 9 (normal <10). Lung function testing confirmed moderate air-
way obstruction with reduced Forced expiratory volume in one second (FEV1)
(59% predicted) and Forced vital capacity (FVC) (72% predicted) values, giving an
FEV1/FVC ratio of 62%. Expiratory reserve volume was reduced at 0.48 L (47%
predicted), reflecting his significant obesity. He declined an arterial blood gas but
awake lying stable transcutaneous carbon dioxide monitoring (TcCO,) over a
20-min period showed values within the normal range.
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Fig. 29.1 Summary of the overnight diagnostic study. Obstructive events with significant desatu-
ration occurred in all sleep stages and body positions. No N3 (slow wave sleep) was seen on this
night. R rapid eye movement (REM) sleep, SpO, oxygen saturation measured by pulse oximetry,
TcCO; transcutaneous carbon dioxide monitoring, W wake. Body positions: L left sidelying, P
prone, R right sidelying, S supine

A diagnostic polysomnogram was performed in the sleep laboratory. Sleep effi-
ciency was poor (45%) and highly fragmented. No slow wave (N3) sleep was
observed. Baseline SpO, awake was 95%, with a nadir of 55% during rapid eye
movement (REM) sleep and an oxygen desaturation index of 70 events/h. Average
SpO, in non-REM (NREM) sleep was 86% and 77% in REM sleep, with 63% of
total sleep time spent with SpO, <90%. Baseline TcCO, was 44 mmHg and rose no
more than 5-6 mmHg across the night (Fig. 29.1).

A diagnosis of overlap syndrome (COPD and severe OSA) was made and, after
discussing the results and the potential implications of severe sleep-disordered
breathing, he agreed to undergo a trial of positive airway pressure (PAP).

Physiotherapeutic Intervention

Given the severity of the obstructive events and lack of evidence for sleep or day-
time hypoventilation (TcCO, within the normal range), continuous positive airway
pressure (CPAP) was set up and titrated overnight. Both nasal and oronasal mask
styles were trialed, but he had difficulty breathing comfortably through his nose,
and was switched to an oronasal mask. Overnight, the pressure was titrated in incre-
ments of 1 cmH,O to abolish obstructive events, flow limitation, and snoring, with
special note taken of gas exchange and airflow morphology when the patient was
supine. A pressure of 16 cmH,O was recommended and he returned home to
trial this.
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He was asked to use CPAP nightly across the entire sleep period. Initially, he had
difficulty using the device due to sinus pain. The ramp feature of the device was
activated to aid in acclimation to the pressure with the aim of improving tolerance.
In addition, heated humidification was added. Both strategies improved comfort and
acceptance of CPAP.

Follow-Up and Outcomes

A review sleep study on CPAP was arranged for 3 months later, although this was
not part of usual care. Sleep efficiency remained poor (51%) with long periods
awake early in the night due to back pain. He reported his sleep as “worse than
usual.” REM sleep accounted for 44% of the time he did sleep and N3 sleep was
now seen, accounting for 25% of total sleep time. Nadir oxygen saturation was 92%
on CPAP, with an average SpO, in NREM sleep of 96%, and 97% in REM sleep.
CPAP at 16 cmH,O was confirmed as effective pressure in all sleep stages and body
positions (Fig. 29.2). His usage over the previous 4 weeks was 7.2 h/night and his
Epworth Sleepiness Score had fallen to 5. He was willing to continue CPAP lon-
ger term.
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Fig. 29.2 Summary of the follow-up CPAP study. Overnight, CPAP was increased in 1 cmH,O
increments to abolish obstructive apneas and hypopneas, snoring, and flow limitation. At 15
cmH,0, CPAP in REM and in the supine position was found to be effective. R rapid eye movement
(REM) sleep, SpO; oxygen saturation measured by pulse oximetry, 7cCO, transcutaneous carbon
dioxide monitoring, W wake. Body positions: L left sidelying, P prone, R right sidelying, S supine
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Discussion

OSA is a highly prevalent disorder in the general population [4] and has been
reported to occur in 10-65% of patients with COPD [5, 6]. This wide range in
reported prevalence likely reflects differences in how sleep breathing abnormalities
were measured and defined, the degree of obesity present, and the population sam-
pled [7]. The presence of overlap represents a severe COPD phenotype, with clini-
cal outcomes of COPD-OSA substantially worse than those seen in either disorder
alone, with more impaired quality of life [1, 5], higher risk of acute exacerbations
and hospitalizations [3, 5, 8], higher health care costs [9], increased cardiovascular
morbidity [10, 11], higher risk of developing cognitive impairment, and reduced
survival [3, 10, 12] reported. Gas exchange is also generally more impaired in
patients with overlap compared to those with OSA or COPD in isolation [13].
Compared to uncomplicated OSA, patients with overlap are less likely to report
symptoms typical of OSA such as snoring, daytime sleepiness, and morning head-
aches, despite having a similar severity of sleep-disordered breathing [14]. Even
when present, these symptoms may be inappropriately attributed to COPD. In oth-
ers, the symptoms reported may be more atypical such as nocturia [14], resulting in
the diagnosis of sleep-disordered breathing not being recognized. In either circum-
stance, the opportunity to address a modifiable issue contributing to longer-term
morbidity and mortality in this population is missed [5].

CPAP is widely recommended in the management of moderate to severe OSA,
with several large, randomized trials demonstrating improvements in daytime sleep-
iness and health-related quality of life with therapy [15]. However, the benefits of
CPAP in modifying cardiovascular and metabolic risks associated with OSA are yet
to be confirmed [16-18]. Patients with overlap syndrome have generally been
excluded from these trials, and despite OSA being highly prevalent in COPD, few
high-quality studies have looked at the impact of PAP therapy on long-term out-
comes. Recently, this gap in knowledge was formally addressed and ongoing
research priorities in this patient population established [7]. Nevertheless, observa-
tional studies in patients with overlap syndrome have demonstrated CPAP amelio-
rates sleep-disordered breathing and improves OSA-related symptoms such as
sleepiness, regardless of the severity of the underlying respiratory impairment [19].
However, symptoms more associated with COPD such as breathlessness may not
improve with CPAP [19].

Several large longitudinal observational studies have investigated the impact of
CPAP and mortality in overlap syndrome. In the first major study, Marin et al. [3]
followed 228 overlap patients managed with CPAP, 213 overlap patients not using
CPAP therapy, and 210 COPD-only patients over a mean of 9.4 years. In the
untreated overlap group, all-cause mortality and mortality from cardiovascular
causes were higher than in either the CPAP-treated overlap or the COPD-only
groups. In a prospective study of 603 patients with more severe COPD who were
already receiving long-term oxygen therapy, Machado et al. [20] identified 95 indi-
viduals who had overlap syndrome with moderate to severe OSA. Sixty-one of
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these patients (64%) agreed to and were adherent to CPAP therapy. In this study, the
5-year survival estimates in the CPAP-adherent overlap patients was 71% compared
to 26% in the non-CPAP group (p < 0.001), with the cause of death primarily from
respiratory failure or cardiovascular disease in both groups. While most studies
have not stratified patients according to their level of awake CO,, Jaoude et al. [12]
suggested the reduction in excess mortality in this population may be confined to
those individuals who are also hypercapnia, although this is yet to be confirmed by
other studies.

Identifying and treating OSA—COPD overlap may also provide a mechanism to
reduce avoidable admission and readmissions due to exacerbations of lung disease,
and hence improve longer-term health and quality of life outcomes. Several studies
have reported a reduction in the risk of hospitalization for an exacerbation of lung
disease once CPAP is commenced in these patients [2, 3, 21]. In an analysis of dis-
charge data from more than 1.6 million COPD exacerbations occurring between
2010 and 2016, the presence of OSA increased the odds of a 30-day readmission of
patients with COPD, irrespective of whether the patient had obesity or not [2].
However, given the retrospective nature of these studies, there is the potential for
confounding factors to bias findings in favor of CPAP.

In the absence of large, well-designed randomized trials [21], clinical manage-
ment of sleep-disordered breathing in overlap is currently guided by the findings
from observational studies and extrapolations from evidence-based recommenda-
tions for use of PAP therapy in patients with stable hypercapnic COPD [22] and
obesity hypoventilation syndrome [23]. While CPAP is used as initial therapy in
most patients [3, 19, 20, 24-26], around 20-25% will likely require bilevel ther-
apy to optimize nocturnal gas exchange [3, 26, 27]. Although not well studied,
characteristics of overlap patients most likely to fail CPAP therapy include greater
severity of COPD based on spirometric values, more severe obesity, or the pres-
ence of hypercapnia during wakefulness [26, 27]. In the only randomized trial to
date, Zheng et al. [28] randomized 32 stable hypercapnic patients with overlap
syndrome who were morbidly obese to either CPAP or bilevel therapy set in the
spontaneous mode for a 3-month period. Both forms of PAP therapy resulted in
significant decreases in PaCO,, with bilevel therapy superior to CPAP (9.4 mmHg
[95% confidence interval, 4.3—15 mmHg; p = 0.001]) in this small study popula-
tion. However, no between-group differences in other secondary endpoints includ-
ing adherence to PAP, daytime sleepiness, sleep quality, or neurocognitive function
were seen. Larger and longer-term studies comparing different forms of PAP ther-
apy and to no therapy are required in this population [7, 21], and should be strati-
fied for the level of awake hypercapnia, the severity of COPD, and obesity to
better appreciate when CPAP or bilevel therapy is most likely to optimize clinical
outcomes.

While the “dose” or amount of PAP usage per night to achieve benefit in overlap
syndrome is not known, most centers use a definition of adherence of >4 h of use
per night for >70% of nights over a 30-day period [2, 25, 27]. CPAP use has been
shown to be an independent predictor of mortality [24, 25], with higher adherence
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to CPAP associated with longer survival [25]. Lower CPAP usage has also been
associated with an increased risk of COPD exacerbations [24]. In a retrospective
study of over 6600 overlap patients where PAP usage was monitored remotely and
linked to a claims database, a clinically significant reduction in the risk of Emergency
Department visits, hospitalizations, compared to health care costs was seen in PAP-
adherent compared to non-adherent patients over a 2-year period [2]. Common
causes for non-adherence in patients with overlap include claustrophobia, poor
mask fit, and excessive leak around the mask [24]. Increasing age and number of
comorbid conditions have also been associated with lower usage in this population
[25]. Although these latter factors are not modifiable, they may be useful in identify-
ing individuals in whom closer monitoring and support are required to encourage
and promote CPAP use.

Take-Home Message

A high level of clinical suspicion regarding the presence of OSA should be used
when reviewing patients with COPD given the high prevalence of overlap syndrome
and the consequences on morbidity and mortality of not treating OSA in this popu-
lation. These patients may not present with the traditional symptoms of OSA, and it
is important not to simply assume all respiratory symptoms reported are due to their
underlying COPD alone. There is significant scope to undertake well-designed stud-
ies evaluating the optimal PAP mode in these patients, and how their clinical pheno-
type may impact on clinical response and adherence to PAP therapy. The management
of sleep-disordered breathing is emerging as the new frontier in improving out-
comes in patients with COPD.

Patient Perspective

When asked about his perspectives regarding CPAP as long-term therapy, the patient
reported it was worthwhile for the benefits he obtained from it. “I am sleeping for
much longer now, although I still get up to urinate during the night—I’m on fluid
tablets. It can be a bit difficult to put up with when I have the mask on and need to
also put my glasses on to read. But I've worked out a way. I have to do both as I
don’t trust myself not to fall off to sleep without the machine while I'm reading in
bed. It took me a bit of time to get used to the pressure, and I used the ramp button
a lot when I first started, but now I’m used to the mask and the pressure and haven’t
used the ramp for a while. I also had some problems with my sinuses early on—I
found my mouth and nose became really dry and that caused pain and limited me
using the mask. But since adding the humidifier, my sinuses are great. I've got to the
point now that if I don’t use it for some reason, like when it’s really hot at night, I
miss it.”
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Chapter 30
Long-Term Telemonitoring
in Sleep-Related Breathing Disorders

Carlos Maria Franceschini  and Mariana Gussoni

Introduction

We are introducing a clinical case whereby we may assess the importance and value
of telemonitoring [1], as a tool that provides for properly treating sleep-related
breathing disorders (SBD), which require specialized diagnostic and treatment cen-
ters—there are few and they are far from patients’ homes. Such information entails
long waiting times until patients may get an appointment and expense increases [2].

Patient Information

M.B.F,, a 38-year-old man, lives 750 km away from the specialized diagnostic cen-
ter. He has six children (four of them with congenital central alveolar hypoventila-
tion syndrome, two of them use Bilevel machines with oronasal masks, one of them
uses a volumetric ventilator with a mask, and the other one uses a volumetric venti-
lator through a tracheostomy). M.B.F. lives in his house with his children, his wife,
his mother, and the nurse responsible for monitoring the medical home care of his
son, who is on a ventilator with a tracheostomy. He has a supportive family environ-
ment, but he is facing a hard economic and labor situation. At times, he undergoes
times of discouragement requiring psychological support.
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Clinical Findings

The patient had a body mass index (BMI) of 37 kg/m?, high blood pressure (HBP),
non-insulin-dependent diabetes, neck circumference of 47 cm, excessive daytime
drowsiness, non-positional snorer, morning headache, memory, and concentration
disorders. The blood gases showed hypercapnia and hypoxemia. He was diagnosed
with congenital central alveolar hypoventilation syndrome in 2018 due to a PHOX2b
gene mutation at the disease reference center. A polysomnography (PSG) test with
overnight oximetry was conducted, which showed severe central sleep apnea with
continuous desaturation and tachycardia—bradycardia.

Positive airway pressure (PAP) titration was initiated with non-invasive ventila-
tion (NIV), inspiratory support pressure of 15-20 cmH,0O, and expiratory positive
airway pressure (EPAP) from 10 to 14 cmH,0O, with a safe respiratory rate (RR) of
16 breaths/min. An extra-large oronasal mask was used and it was decided to per-
form PAP titration via telemonitoring along with oximetry during 45 running days,
considering the difficulty to tolerate the increasing inspiratory pressure required to
reach the saturation rate. The patient adhered to NIV with an improvement in neu-
rocognitive symptoms. In addition, there has been a BMI decrease, and control of
HBP and diabetes.

Timeline

July 2018: The hospital staff caring for his children at the sleep-related breathing
disorders reference pediatric hospital observed the patient’s apneas

August 2018: A polysomnography (PSG) with PAP titration was performed at a
sleep center in his province; he was prescribed Bilevel pressure parameters he could
not tolerate, and ventilation was never initiated

October 2018: New PSG at the sleep center and reference ventilation with PAP
titration; start of NIV with high difficulty and low tolerance

November 2018: Start of PAP titration through telemonitoring and virtual oxim-
etry monitoring

December 2018: Ventilation and lung function testing; started using NIV, stabi-
lizing overnight oximetry levels and improving the neurocognitive symptoms. Final
NIV parameters: inspiratory positive airway pressure (IPAP) max: 22 cmH,O; IPAP
min: 18 cmH,0; EPAP: 12 cmH,0; RR: 16 breaths/min; inspiratory time: 0.8 s,
with an extra-large XL oronasal mask

March 2019: New PSG with Bilevel S/T average volume-assured pressure sup-
port (AVAPS)

July 2019: Weight loss, BMI lowering from 36 to 31 kg/m? and HBP stabiliza-
tion with an antihypertensive therapy

September 2019: Patient with acute respiratory insufficiency due to pneumonia
admitted to the intensive care unit (ICU), ventilated with NIV, and started with oxy-
gen therapy and antibiotic treatment; he was then changed from an ICU ventilator
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to his own ventilator, and pressures were titrated again via telemonitoring while in
hospital, before transferring the patient to his home

October 2020: He reported excessive daytime drowsiness, and new hypercapnia,
bronchial disorder, fever, and mucopurulent secretions were registered; he was
treated with antibiotics and 7-day rest

May 2021: Isolated at home because of Coronavirus Disease-2019 (COVID-19)
pandemic; NIV with AB filter

July 2021: New PSG under NIV with results within normal parameters

November 2021: New ventilation and lung laboratory within normal parameters;
stable with ventilation

May 2022: Stable patient; normal pulse oximetry during sleep and with no neu-
rocognitive symptoms

November 2022: Stable patient adhered to NIV

Diagnostic Test

Several diagnostic tests have been carried out (Tables 30.1, 30.2, 30.3, 30.4, 30.5,
and 30.6) and briefly commented below.

Spirometry

Spirometry was within normal limits, without fall in maneuvers on dorsal decubitus
position. Bulbar immunity was in terms of peak flow. The maximum static pressures
are within normal limits (Table 30.1).

Lung Volumes

Table 30.2 depicts the increase in the expiratory reserve volume, after the significant
decrease in BMI and adherence to the use of NIV. Volumes are within normal limits,
without air entrapment, but there was a reduced expiratory reserve volume.

Table 30.1 Spirometry

Spirometry 18 September 2018 (%) 15 September 2021 (%)
Seated FVC 95.3 93.3
FVC at rest 96.1 95.4
FEV1 99.5 98.1
FEV1/FVC 86.5 87.1
FEP 119 108

FEP flow expiratory peak, FEVI forced expiratory volume in the first second, F'VC forced vital
capacity
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Table 30.2 Lung volumes
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Slow vital capacity (SVC) 18 September 2018 (%) 15 September 2021 (%)
Svc 89 88

CI 127 122

ERV 15 68

FEV1/SVC 110 103

Volumes

TLC (N2) 93 89

FRC (N2) 58 61

RV (N2) 96 94

RV/TLC (N2) 102 105

CI capacity inspiratory, ERV expiratory reserve volume, FEV forced expiratory volume in the first
second, FRC functional residual capacity, N2 nitrogen, RV residual volume, SVC slow vital capac-
ity, TLC total lung capacity

Table 30.3 Carbon monoxide diffusing capacity (DLCO)

CO diffusion 18 September 2018 (%) 15 September 2021 (%)
DLCO unc 140 92

Hgb (g/dL) 15.6 13.1

DLCO cor 125 88

VA 84 77

DL/VA 149 93

CO carbon monoxide, DL DLCO, DLCO unc carbon monoxide diffusing capacity uncorrected,
DLCO cor DLCO corrected, Hgb hemoglobin, VA alveolar volume

Carbon Monoxide Diffusing Capacity

Carbon monoxide diffusing capacity (DLCO) was adjusted for hemoglobin mea-
sured at the time of performing this investigation; increased DLCO; alveolar vol-
ume measured by the single-breath method within normal limits; the diffusing
capacity adjusted to increased alveolar volume; and the reduced expiratory reserve
volume are related to obesity (Table 30.3).

Ventilation Control

Arterial blood gases showed a slight increase in hypercapnia, bicarbonate, and base
excess, consistent with daytime hypersomnia; the ventilation study showed a flat
PO01/PetCO, curve, compatible with an alteration of respiratory centers; new ventila-
tion control in 2021 showed arterial blood gases within normal parameters, with a
tendency toward respiratory alkalosis; the ventilation control study along with a
response to hypercapnia showed a depressed P0.1/PetCO, curve, compatible with
an alteration of respiratory centers (Table 30.4).
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Table 30.4 Ventilation control

Static pressures 18 September 2018 (%) 15 September 2021 (%)
Pi max 146 134

Pe max 192 177

Voluntary apnea

Check 1

Apnea time (s) 41 40

SatO, apnea (%) 97 96

Check 2

Apnea time (s) 38 36

SatO, apnea (%) 95 95

Ventilation control

P01 basal 1.2 1.1

POl end max 5.3 5.5

PCO, basal 45 41

PCO, max 67 61

PCOyqy, 22 20

PO1/PCOssope 0.07 (VN: 0.22 £ 0.09) 0.05 (VN: 0.22 £ 0.09)
Borg 1 5 5

Borg 2 5 5

Average Borg test 5 5

Borg Borg Dyspnea scale, POI inspiratory occlusion pressure in the first 100 ms, PCO, carbon
dioxide blood pressure, Pe max maximum expiratory pressure, Pi max maximum inspiratory pres-
sure, SatO, oxygen saturation

Cardiorespiratory Oxygen Consumption

There were no electrocardiogram (ECG) changes in ischemia or arrhythmia
(Table 30.5); blood pressure was normal; the oxygen consumption (VO,) was lim-
ited by symptoms such as dyspnea and due to a VO, plateau; aerobic performance
was reduced; there was no cardiovascular or ventilatory limitation; progressive
hypercapnia was without limitation as to the ventilatory mechanics, compatible
with ventilation control disorders.

Polysomnography Under N1V Titration and Arterial
Blood Gases

In the PSG examination, after adherence to the NIV, an increase in slow sleep stage
(non-rapid eye movement [NREM] N3) and in SatO, was observed, and a decrease
in apnea—hypopnea index (AHI) and PCO, (Table 30.6); sleep fragmentation and
increase of arousals were noticed, with increase in light sleep (NREM N1 sleep
stage), absence of slow wave sleep (NREM N3 sleep stage), predominant central
sleep apneas, and fewer obstructive AHI, 45 ev/h; pulse oximetry was with
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Table 30.5 Cardiorespiratory oxygen consumption study
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Oxygen consumption study 18 September 2018 (%) 15 September 2021 (%)
Aerobic capacity AT/VO, max VO, max/theoretical
VO, (mL/min) 52 61

VO, (mL/kg/min) 52 61

METs 52 61

Cardiovascular AT/VO, max VO, max/theoretical
HR (BPM) 80 81

HRR (BPM) 186 165

VO,/HR (mL/beat) 65 75

Ventilatory

VE BTPS (L/min) 43 33

BR (L/min) 119 119

Tv BTPS (L) 53 68

RR (br/min) 81 84

Ti/tot 98 98

Gas exchange

VE/VO, 82 78

VE/VCO, 108 74

PETO, 90 91

PETCO, 93 94

AT anaerobic treshold, BPM beats per minute, BR breathing rate, BTPS body temperature, pres-
sure, saturated, HR heart rate, HRR heart rate reserve, METs metabolic equivalent, PETCO, trans-
cutaneous carbon dioxide pressure, PETO, transcutaneous oxygen pressure, RR respiratory rate,
Ti/tot inspiratory time over total time, 7v tidal volume, VE/VCO, slope between minute ventilation
and carbon dioxide production, VE/VO, slope between minute ventilation and oxygen production,
VO, oxygen consumption

hypoventilation pattern, and saturation index per hour of sleep was 55 desat/h; PAP
titration was with continuous positive airway pressure (CPAP), spontaneous mode
Bilevel, and S/T for time performed; and finally the best response was obtained
under the S/T mode with average volume-assured pressure support (AVAPS); the
oximetry could be stabilized with saturations of 90-92%, with max IPAP 20 cmH,O0,
min IPAP 16 cmH,0, EPAP 11 cmH,O, RR 16 breath/min, tidal volume (Tv) 600
mL, and inspiratory time 0.9 second, with extra-large size oronasal mask.

6-Minute Walking Test

Distance walked: 435 m for a predicted walking distance of 602 m (72.1%)j; satis-
factory effort; reduced walked distance; mild basal oxygen desaturation with
the walk.
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Table 30.6 Polysomnography under NIV titration and arterial blood gases examinations
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Polysomnography under NIV titration

‘ 18 October 2018 | 15 March 2019 | 15 July 2021

Hypnogram

NREM N1 sleep stage (% of total sleep time) | 2 4 1
NREM N2 sleep stage (% of total sleep time) | 76 63 64
NREM N3 sleep stage (% of total sleep time) | 0 14 16
REM sleep stage (% of total sleep time) 18 16 17
Arousal (ev/h) 4 3 2
Sleep efficiency (%) 93 95 97
Respiratory indexes (ev/h)

Apnea—hypopnea index 45 12 2
Obstructive events 16 10 0
Central events 27 2 2
Mixed events 2 0 0
Pulse oximetry

IDO; 3% oxygen desaturation index 39 4 1
Average SatO, (%) 78 91 99
Minimum SatO, (%) 61 82 86
Average heart rate 92 97 81
Maximum heart rate 127 112 109
Minimum heart rate 42 56 59
Arterial blood gases

pH 7.33 7.41 7.42
PO, 69.5 74.9 83.4
PCO, 53.1 455 41.2
BIC 29.9 28.8 26.7
BE 33 4.0 2.0
SatOsoxygensauration (%) 92.3 94.8 96.4

AHI apnea-hypopnea index, BIC bicarbonate, BE base excess, Ev/h events per hour, NREM non-
REM, REM rapid eye movement, PO, arterial oxygen pressure, PCO, carbon dioxide blood

pressure

Doppler Echocardiography

The Doppler echocardiography registered: pulmonary systolic blood pressure of 25

mmHg and enlarged left ventricle with normal biventricular function.

Laboratory Tests

Laboratory tests are shown in Table 30.7.
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Table 30.7 Laboratory

2018 2019 2021
Glucose (mg/dL) 236 94 92
Lactate (mmol/L) 2 1.2 1.7
Hematocrit (%) 44.8 41.1 39.2
Hemoglobin (g/dL) 15.6 13.9 13.1

Congenital Central Alveolar Hypoventilation Syndrome
Diagnostic Criteria

A and B criteria must be complied with:

(a) Presence of hypoventilation related to sleep
(b) PHOX2b gene mutation

Hypoventilation during sleep may be related to daytime hypoventilation or nor-
mal PaCO,; the PSG shows severe hypercapnia and oxygen desaturation. Some
central apneas were observed, but the prevailing pattern was a tidal volume/flow
reduction. Although the condition is deemed congenital, some patients with a
PHOX2B genotype may present phenotypically later in life (and even in adulthood),
especially in the presence of a stressor such as general anesthesia or a severe respi-
ratory infection, pursuant to the International Classification of Sleep Disorders [3].

Physiotherapeutic Intervention

M.B.F. managed to lose and control weight, HBP, and diabetes with his local spe-
cialized professionals.

Titration and adaptation to NIV were performed under a PSG at the reference
hospital, which is 750 km away from his home. For NIV, he received a Bilevel with
S/T-AVAPS mode during the PSG, but he did not initially adapt to the titrated pres-
sures, and he had to make some visits to the sleep unit, where attempts were made
to adapt and to initiate NI'V. However, the NIV was eventually attained via telemoni-
toring with oximetry added. Telemonitoring enables us to monitor leaks, residual
AHI, hours of daily use, tidal volume, respiratory rate, exhaled minute volume, and
pulse oximetry, according to the telemonitoring flowchart [2] (Fig. 30.1).

The telemonitoring follow-up consisted in analyzing the ventilation data with
oximetry, communicating with the patient by message about the symptoms, and
knowing about patient’s general condition. With that in mind, we changed the NIV
parameters after his authorization (Fig. 30.1).

Despite the attempts to reach tolerance to titrated pressures, he did not adapt, and
he remained symptomatic. It was decided to carry out titration and adaptation to
NIV via telemonitoring with oximetry of the software added to the ventilator
(Figs. 30.2, 30.3, and 30.4).
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Fig. 30.2 Telemonitoring of non-invasive ventilation use during naptime and at nighttime sleep.
Each line represents a 24-hour day. At the bottom a 24-hour time is represented. The green bars
represent sleep >4 h, and the red bars <4 h. On the right margin, the letter “O” appeared indicating
that pulse oximetry was performed during sleep. (Reprinted with permission from I.A.F.)
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Fig. 30.3 Monitoring of pressure and respiratory flow curves. Examination of leaks and patient-
triggered respirations. In the record, the curves of pressure and flow vs. time during ventilation are
observed. (Reprinted with permission from I.A.F.)

The patient had abdominal distension, nausea, and intolerance to IPAP above 20
cmH,0. Therefore, he was undergoing O, desaturation, and he showed lack of
adherence to NIV. The NIV pressures were gradually increased for 45 days pursuant
to patient tolerance and SatO, while monitoring leaks and patient-triggered respira-
tions through flow and pressure curves (Fig. 30.3).

The days where any intercurrent event occurred, such as a cold, cough, headache,
dizziness, or sleep deprivation, we had to reduce the pressures and wait for the right
stability time to restart. The basic monitoring pack to attain adherence to NIV dur-
ing naptime and overnight sleep included pulse oximetry (Fig. 30.4a), monitoring of
evolution of symptoms by text message, and control with arterial blood gases. IPAP
and EPAP were gradually increased until tolerated.
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Fig. 30.4 Pulse oximetry result sheet prior (a) and post adherence (b) to NIV. (Reprinted with
permission from .A.F.)

Follow-Up and Outcomes

The oxygen consumption study (VO,) was limited by symptoms such as dyspnea
and due to a VO, plateau. Therefore, aerobic performance was reduced before
adherence to NIV. The ventilation control study along with a response to hypercap-
nia showed a depressed PO.1/PetCO, curve, compatible with an alteration of respi-
ratory centers before and after adherence to NIV.

Discussion

The use of telemedicine technologies is a way to ensure the timely provision of
medical services based on proper quality conditions. Telemonitoring was already
used before the COVID-19 pandemic; however, the mobility crisis triggered by the
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pandemic clearly caused telemonitoring to be used on a regular basis. The access
mechanisms, the type and quality of communication, and the reconversion to
person-to-person appointments, under specific circumstances, must be ensured.

It is precisely within the scope of sleep medicine that the developments in tele-
medicine enable us to access the diagnosis and treatment control, the latter being a
key option to conduct the follow-up of patients subject to ventilation at home.

Telemedicine allows patients facing many difficulties, such as long-distance
trips, workload, loss of earnings, traveling, board and lodging costs, and family
organization issues, among others [4], to make appointments with doctors at differ-
ent specialized health care centers [5].

The confidential nature of the data and access to electronic files must be strictly
monitored, and access codes are to be created for health care professionals at
all times.

As regards adherence, Woehgrle et al. [6] proved that telemonitoring increased
the use of PAP in obstructive sleep apnea (OSA) and reduced the therapy dropout
rate in a comparative study of the telemedicine proactive group vs. the standard care
group: the therapy dropout rate was 5.4% against 11.0%, respectively. Isseta and the
Spanish sleep group showed through a Bayesian cost-effectiveness analysis that
telemonitoring increases adherence to the use of CPAP and that the cost is actually
lower with respect to the standard follow-up [7]. Franceschini et al. performed a
randomized, controlled, clinical trial of adherence to the use of CPAP in patients
with moderate and severe OSA and found that telemonitoring has a higher adher-
ence than person-to-person control appointments, and it is equally effective for
patient follow-up [8]. Marie Bruyneel et al. concluded that even though telemedi-
cine is a cost-effective useful tool in sleep apnea treatment with CPAP devices, the
organization of medical care is undergoing many changes. Telemedicine is going to
change the physician—patient relationship, and it may simplify some aspects of
diagnosis and care. However, it entails an inherent risk of overdependence on tech-
nology and dehumanization of care [9].

The optimization of non-invasive mechanical ventilation, we can of in a study
carried out by Mansell SK et al., where the data of tidal volume (Tv), leak, respira-
tory rate (RR), minute ventilation (MV), patient-triggered respirations, pressures
reached, and patient’s adherence to therapy were downloaded via telemedicine and
card. Telemonitoring proved higher adherence and hours of ventilator use. The use
of ventilator data downloading facilitated an early and objective assessment of the
leaks and changes in ventilator parameters [10].

Telemedicine may provide to the patients with care and solutions in situations
where no person-to-person visits may be made [11]; however, telemedicine also
entails some losses in the quality of health care related to the physician and health
care providers—patient relationship, which are irreplaceable, such as the time of the
appointment with no interruptions, the value of being heard and observed by the
health care professional, and on many occasions, a pause in the conversation, shake
hands with patients upon receiving them and upon saying goodbye. Sometimes, it is
necessary to extend the time of the appointment, and such factors are all advantages
of patient-to-patient care, which offers quality support for patients.
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There are two works showing conclusions, which are different in part, and they
therefore draw the difficulties of arriving at final conclusions in this field. On the
one hand, Schoch et al. [12] show how the implementation of telemonitoring over
the first month has no positive results on compliance. On the other hand, by working
on a sleep virtual unit in a fully telematic way in which patients are always cared for
remotely (including the initial diagnosis, treatment, and follow-up), Lugo et al. [13]
showed the usefulness and cost-effectiveness of telemonitoring as a new technologi-
cal tool.

Despite the limitations due to the few studies published, it may be broadly stated
that the data extracted from the ventilators are taken for mere guiding purposes, but
they have proved to be useful under different clinical conditions for follow-up.
Some documents have been published by scientific societies about the positioning
of telemedicine as regards SBD and mechanical ventilation [14, 15]. Therefore, it is
necessary to perform further studies addressing such short-term and long-term tele-
monitoring to reach consensus based on evidence levels.

Patient’s Perspective

My experience was really good. It helped me get controlled day after day and adjust ventila-
tion without modifying my routine. It really changed my life and made me feel better and
much safer. I had never thought about using a ventilator. Even more so, I did not want to use
a ventilator, but the truth is that it was the solution to my disease. I could find the way to
gradually adapt to ventilation, to be in contact with the doctor, who told me the adjustments
he made in the Bilevel and why he did such adjustment, and that made me feel safe.
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