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Preface

Obstructive sleep apnea syndrome (OSAS) is a multifaceted complex disease that
impacts all aspects of a person’s daily life regardless of their age and sex. The effects
of untreated and unrecognized OSAS can be very serious on all systems of the body,
especially the cardiovascular and central nervous systems. Currently, the therapeutic
strategies available are varied and multiple, including surgery. Early temporal
recognition can limit long-term damage that may even be irreversible.

This edited volume is a collection of reviewed and relevant research chapters on the
developments within OSAS. Obstructive Sleep Apnea — New Insights in the 21st Century
includes scholarly contributions written by and edited by experts in the field. It is
designed for scholars and specialists in the field.
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Chapter1

The Many Faces of Obstructive
Sleep Apnea

Gregory Carter

Abstract

Obstructive sleep apnea is a common disorder with many different comorbidities.
Patients can present with these comorbidities even when sleep apnea has not been
diagnosed due to the low diagnostic rates for obstructive sleep apnea worldwide.
This presents a concern for clinicians as unless sleep apnea is treated along with a
presenting comorbidity, the patient will not have an optimal health outcome. This
chapter addresses several of the most common and worrisome comorbidities of sleep
apnea and discusses the relationships and pathophysiology of comorbidities includ-
ing insomnia, treatment resistant hypertension, restless legs syndrome, depression,
gastroesophageal reflux, asthma, cognitive disorder, REM sleep behavioral disorder
and paroxysmal atrial fibrillation. Clinical studies documenting the relationships of
each of these comorbidities to obstructive sleep apnea are presented with putative
pathophysiologic discussion of how obstructive sleep apnea aggravates or leads to the
development of each of these illnesses.

Keywords: obstructive sleep apnea, OSA, comorbidities, insomnia, hypertension,
restless legs, depression, GERD, asthma, cognitive disorder, REM behavioral disorder,
atrial fibrillation

1. Introduction

There are many comorbidities associated with obstructive sleep apnea, several
of which will be discussed in this chapter. The problem for clinicians providing care
to patients is that patients may present with the comorbidity rather than the sleep
related breathing disorder. Indeed, underdiagnosis of sleep related breathing disor-
ders has been shown in epidemiological studies [1, 2]. There are thus many patients
who present for medical care of a comorbidity rather than the causative or aggravat-
ing sleep related breathing disorder.

The reason for the low diagnosis and treatment rates for sleep related breathing
disorders (SRBD) is speculative as most of the literature deals with the problems
of continuous positive airway pressure (CPAP) management rather than resistance
to presentation for evaluation and treatment for the symptoms of SRBD [3-5].
Anecdotal hints are provided by primary care physician comments and patient
encounters in the author’ 35 years of evaluating and managing patients with SRBD
[6]. After alecture to primary care physicians one of the physicians raised patient
concerns about cost, especially if the evaluation did not show a SRBD. This cost issue
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discouraged him from referring patients who did not have a high probability of SRBD.
One of our fellows, whose family immigrated from Vietnam described a cultural con-
cept that viewed snoring positively as a sign of deep restorative sleep, not a phenom-
enon requiring medical evaluation. The author has seen a lack of knowledge of the
risks associated with untreated SRBD among patients presenting to the sleep clinic. In
addition, anxiety about the ability to tolerate a CPAP mask secondary to claustropho-
bia [7] or cosmetic concerns, i.e., head gear producing indentations on their cheeks or
forehead or loss of romantic attractiveness in bed. Some non-compliant patients in my
clinic report that they feel that they sleep well, and it is only the concern of their fam-
ily and friends that brought them to the sleep center. The author had an enlightening
experience in London. I and my wife were having dinner at a pub by Victoria Station
in 2018. The pub was filled with Americans, and we were sitting with another couple
from Minnesota. I had mentioned that I was a sleep medicine physician and I'm not
sure if I was overheard. Across the room a Caucasian gentleman stood up to leave with
his group. He appeared to be in his mid-sixties with an estimated body mass index
(BMI) of 33. He complained in a loud voice that he had been referred by his cardiolo-
gist for a sleep study due to a heart rhythm problem (I assumed paroxysmal atrial
fibrillation from his description). He stated “I sleep fine. I don’t need a sleep study.
Sleep studies are just another way for doctors to make money.” All these examples are
anecdotal. Improving technology may lower the cost of diagnostic evaluations and
hopefully one of the barriers to treatment of patients.

There are several comorbidities of SRBD. This chapter will review those comor-
bidities that are common or concerning in the author’s clinical practice. These consist
of insomnia [8, 9], hypertension [10, 11], depression [12, 13], restless legs syndrome
[14, 15], REM sleep behavioral disorder [16, 17], nocturnal asthma [18, 19], cognitive
disorders [20, 21], gastroesophageal reflux disease [22, 23], and finally, paroxysmal
atrial fibrillation [24, 25]. Additional comorbidities occur, such as nocturia, sleep-
walking, diabetes, metabolic syndrome, and congestive heart failure, but are not dis-
cussed in this chapter to allow a more thorough discussion of the listed comorbidities.
This chapter discusses the relationship in some detail between each listed comorbidity
and SRBD and the need to consider SRBD in various diagnostic differentials.

2. Insomnia

The relationship with chronic insomnia and sleep related breathing disorder or
obstructive sleep apnea is the most complex of the list. Insomnia is defined in the
International Classification of Sleep Disorders, Third Edition [26] as requiring three
components, including persistent sleep difficulty, adequate sleep opportunity, and
associated daytime dysfunction. The recognized daytime symptoms of fatigue,
decreased mood or irritability, general malaise and cognitive impairment overlap with
the daytime symptoms of SRBD [27]. Impaired social or job/school performance,
heightened risk of automobile and work accidents and cardiovascular disorders also
overlap [8]. Chronic insomnia disorder of adults is present in an estimated 10% of
the population but is more common in women, those with secondary insomnia from
medical, psychiatric, and substance abuse disorders and in lower income individu-
als. Cho et al. [28] performed a clinical research study in South Korea utilizing two
university sleep centers and enrolling 476 patients with polysomnogram documented
obstructive sleep apnea (OSA). The investigators used Korean versions of a health
survey and the Insomnia Severity Index (ISI-K) [29, 30], the Pittsburgh Sleep Quality
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Index (PSQI-K) [31], the Epworth Sleepiness Scale (ESS-K) [32], and the Beck
Depression Inventory (BDI-K) [33]. The investigators used the ISI-K to separate the
subjects with OSA plus insomnia (OSA + I) and OSA without insomnia (OSA-I) based
on an ISI-K score of less than 15 for the OSA-I group. Of the 476 patients 29.2% or 139
were in the OSA + I group. Whereas females accounted for 24.2% of the total number
of subjects, females accounted for 35.3% of the OSA + I group. There was also a
significant difference in the BDI-K scale indicating an increase in depressive mood in
the OSA + I group. The OSA + I group also showed a statistically significant increase
in heart disease. While both OSA and chronic insomnia have documented cardiovas-
cular risk, this study supported prior concerns that the combined risk is greater. This
Korean study pointed to three conclusions. Women are more likely to have combined
OSA and insomnia and individuals with OSA plus insomnia are more likely to have
depression and heart disease.

The causation of OSA plus insomnia is speculative. These two sleep disorders are
very common, however, the prevalence of insomnia found in OSA is higher than the
prevalence of insomnia in the general population [28]. Several authors [8, 34-36]
have reviewed the relationship of co-morbid insomnia and sleep apnea. Over the past
5 years the abbreviation OSA + I has evolved to the eponym ‘COMISA One clear fact
is that these patients are more difficult to manage [37, 38], requiring treatment of
both sleep disorders in order to reach an optimal clinical improvement. This suggests
that COMISA is not a complication of OSA alone, though the sleep fragmentation and
activation of the sympathetic nervous system and hypothalamic-pituitary-adrenal
axis appear to be aggravating factors. Chronic sleep deprivation of insomnia may
play an additional role, compromising upper airway dilator muscle tone [39, 40] thus
worsening OSA.

The treatment of COMISA is more complex than management of OSA without
insomnia. COMISA patients have a greater prevalence of psychiatric disorders,
including anxiety and claustrophobia that reduce CPAP adherence. Several authors
[9, 38, 41] recommend treating insomnia first or concomitantly with cognitive
behavioral therapy for insomnia (CBT-I) and/or non-benzodiazepine sedative
hypnotics such as zolpidem and eszopiclone. CPAP produces improvement in sleep
maintenance insomnia, but not sleep onset insomnia at two-year follow-up [42].

3. Hypertension

Obstructive sleep apnea is the leading contributor to treatment resistant hyper-
tension [43]. The exact prevalence of resistant hypertension is estimated at 20-30%
[44]. The strongest risk factors are older age and obesity. Logan et al. [45] performed
a study with 41 participants (24 men and 17 women) who completed an overnight
polysomnographic study. Drug-resistant hypertension was defined as a clinic blood
pressure greater or equal to 140/90 mmHg while on a sensible combination of three or
more antihypertensive drugs in maximally recommended doses. A long list of exclu-
sionary criteria included a prior diagnosis of obstructive sleep apnea, ‘white coat’
hypertension, a history of poor compliance with drug treatment, use of substances
that raise blood pressure or interfere with antihypertensive agents, renal insuf-
ficiency, excessive alcohol use, liver enzyme levels greater than twice the upper limit
of normal, anatomic abnormalities of the upper airway, pregnancy, and significant
aortic or mitral valve disease. The participants had a mean age of 57.2 + 1.6 years, were
85% white, and had a mean body mass index 34.0 + 0.9 kg/m’. They were taking an
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average of 3.6 + 0.1 different antihypertensives. The mean office blood pressure was

a systolic of 168 + 4.4 over a diastolic of 94.0 + 2.3 mm Hg. The overall prevalence

of OSA in this resistant hypertension group was 83%. There was a gender difference
with OSA being seen in 96% of the male participants compared to 65% of the females.
This gender difference was also reflected in the severity of OSA. The average apnea
hypopnea index was 32.2 + 4.5 events per hour in the men (severe OSA is greater than
30 events per hour). This compared to 14.0 + 3.1 events per hour in the women (mild
OSA is 5-15 events per hour).

The pathogenesis whereby OSA is causative of resistant hypertension has been
addressed by several authors [10-11, 46-49]. The etiology appears to be multifacto-
rial. Clearly, there is persistent sympathetic activation in both experimental animals
[50] and humans [51, 52] from recurrent episodes of hypoxia. Activation of the
renin-angiotensin-aldosterone system occurs through mechanisms that are not
completely understood [53, 54]. In addition, oxidative stress has been shown to impair
endothelial-dependent vasodilation [55].

The causal relationship of OSA to treatment resistant hypertension is one of the
clearest relationships in this chapter.

4. Restless legs syndrome

Sleep apnea is often comorbid with restless legs syndrome (RLS) and the associ-
ated polysomnographic finding of periodic limb movements of sleep [14]. There is
also an overlap with COMISA discussed previously. Pistoris et al. [14] investigated
202 patients retrospectively who had been studied in the Sleep Disorder Center in
Regensburg, Germany from 2015 to 2016. Inclusion criteria were mild symptomatic
obstructive sleep apnea (OSA) with an apnea hypopnea index (AHI) greater than five
events per hour but less than 15 events per hour or moderate to severe OSA (AHI of
greater than 15 events per hour) with or without symptoms. Patients with RLS were
diagnosed clinically in a face-to-face interview and examination conducted by a sleep
specialist. Criteria from the International Classification of Sleep Disorders [56] were
used including (1) urge to move the legs, usually accompanied by discomfort in the
lower limbs, (2) occurrence or worsening of symptoms in situations of rest or inactiv-
ity, (3) partial or total relief of symptoms by movement, and (4) symptoms that are
worse or solely occur in the evening. Patients were excluded from the retrospective
study if they had severe psychiatric disorders including psychosis, cognitive disorder,
alcohol abuse, Parkinson’s disease, of difficulties with the German language. Patients
with a prior diagnosis of RLS or who were treated with CPAP were also excluded.
Fourteen patients were excluded for the above reasons plus another 20 were excluded
due to inadequate information on retrospective review. The patients’ mean age was
55 + 11 years. Women were 35% of the total number of patients. The mean body mass
index (BMI) was 31 + 6 kg/m”. Of the 202 patients in the retrospective review 42
patients (21%) had comorbid RLS. The percentage of 21% is higher than the 5-10%
prevalence of RLS in North American and European populations [56]. Of these 42
patients 25 or 60% were women, significantly higher than the percentage of women
(29%) in the entire group of 202 patients.

The etiology of an increase in the prevalence of RLS in OSA is speculative and
not without controversy. Lakshminarayanan et al. [57] showed prevalence of RLS in
60 sequential OSA patients with an AHI of greater than 10 events per hour of only
8.3%, within the expected range for the general population. Gothi et al. [58] reported
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findings like Pistoris et al. [14] described above. Of Gothi’s 249 OSA patients 61
patients had comorbid RLS for an increased prevalence of 28.5%.

The pathophysiology of RLS is a decrease of dopamine receptor density [59]. Some
patients report a family history and younger age of onset. Familial genetic linkage
studies [60] have revealed some sequence variants, but how these genes affect the
pathogenesis of RLS is unclear. In addition, RLS can be secondary to iron deficiency,
renal failure, pregnancy, peripheral neuropathy, chronic myelopathy and a variety of
medications including tricyclic antidepressants, selective serotonin re-uptake inhibi-
tors, lithium, antipsychotic drugs and dopamine receptor antagonists [15].

Though there are rationales for the pathophysiology of RLS in some of the afore
mentioned, the rationale for an increased prevalence of RLS in OSA is unclear. The
overlap with chronic insomnia suggests a common pathophysiology in the relation-
ship with OSA. In the author’s personal experience, and as described by Gothi et al.
[58], the combination of RLS and OSA (as with insomnia and OSA) makes these
patients more complex to manage. This is especially true as two options for the
management of treatment resistant RLS, benzodiazepines and opiates, are respiratory
suppressants. These drugs suppress arousals, thus prolonging apneas and deepening
oxygen desaturations in patients not using CPAP every night [61]. Rodrigues et al.
[61] reported that 17 patients with RLS + OSA improved both their OSA and RLS
symptoms with CPAP. Myc et al. [62] reported similar improvement in a single case
report. The long-term results of consistent CPAP use in RLS + OSA patients need
further research.

5. Depression

Several investigators [13, 63, 64] have surveyed newly diagnosed patients with
OSA for depressive and anxiety symptoms. Velescu et al. [63] utilizing the Patient
Health Questionnaire-9 Depression Scale found a prevalence of depressive symptoms
in 48.48% of 99 consecutive new patients. At 1 year follow-up of CPAP treatment
92.9% of their patients had experienced significant improvement. Akberzie et al. [64]
examined 45 patients’ records who presented for polysomnography over a five-month
period and were diagnosed with obstructive sleep apnea (AHI greater than 5). The
patients had completed a Hospital Anxiety and Depression Scale. There was a female
predominance with 29 of the 45 patients being female. Of the 45 patients 29 were
positive for depression (64.4%). Shoib et al. [13] performed the mini international
neuropsychiatric interview plus scale and Hamilton Depression Rating Scale (HAM-
D) on 182 patients undergoing polysomnography over a 2 year period. Patients were
excluded if they were on nocturnal oxygen supplementation, CPAP or mandibular
advancement devices, had upper airway surgery or had unstable cardiopulmonary,
neurological, or psychiatric disease. Of the 182 patients, 47 had depression. Of the
depressed patients 44 or 93.6% had either mild (3 or 6.8%), moderate (18 or 40.9%),
or severe (23 or 52.3%) OSA. The HAM-D scale was significantly greater (p = 0.0001)
in the depressive patients than the non-depressive patients.

Patients with OSA have a higher prevalence of depression [12, 65]. These depres-
sive symptoms may gradually improve with CPAP treatment [66, 67]. Zheng et al.
[68] showed a statistically significant (p = 0.031) reduced odds of depression care
in the Sleep Apnea Cardiovascular Endpoints (SAVE) trial of 2410 patients with
moderate to severe OSA and established cardiovascular disease in patients randomly
allocated to CPAP plus usual care versus usual care alone and followed for 3-7 years.
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The pathophysiology of OSA and depression’s association is speculative. Direct
pathophysiology through aggravation of each other’s symptom complexes, as well as,
indirect pathophysiology through molecular processes (hormonal and inflammatory)
have been postulated.

6. Gastroesophageal reflux

Nocturnal gastroesophageal reflux (nGER) is common in patients with obstruc-
tive sleep apnea (OSA) [23, 69-71]. Green et al. [22] studied 331 patients diagnosed
with OSA over a seven-year period from 1993 to 2000 who graded their nGER
frequency from 1 (never) to 5 (always). All their patients were prescribed CPAP.
Prior to treatment nGER was present in 204 patients (62%). Follow-up was obtained
from 181 patients. Of these 181 (91%) were still using CPAP and 16 (9%) were not
using CPAP. The compliant group’s frequency score fell from a mean of 3.38 to 1.75
(p < 0.001). Patients not using CPAP had no significant change, 3.56-3.44. (p = 0.55).
Interestingly, there was a correlation between CPAP pressure and improvement in the
frequency score (r = 0.70; p < 0.001).

Ing et al. [69] studied 63 patients with OSA (AHI > 15) and 41 patients without
OSA (AHI < 5) with esophageal pH monitoring simultaneous with polysomnography.
Patients with OSA had more gastroesophageal reflux events than patients without
OSA (115 vs. 23; p < 0.001). In addition, OSA patients spent a higher percentage of
their recording time at a pH of less than 4.0 (21.4 vs. 3.7%; p < 0.001).

The pathophysiology of the relationship of nGER to OSA is suggested by the
effect of CPAP pressure. Intrathoracic negative pressure, as compared to abdominal
pressure can show marked negativity with attempts to breath against a closed upper
airway. CPAP treatment not only removes upper airway obstruction, thus reducing
negative intrathoracic pressure, but also increases intrathoracic pressure with the
use of higher CPAP pressures. This has a direct effect as esophageal pressure exceeds
gastric pressure.

7. Asthma

A bidirectional link between bronchial asthma and obstructive sleep apnea (OSA)
has been reported since the initial single case report by Hudgel and Shucard in 1979 [72].

Teodorescu et al. [73] recruited 472 subjects out of the allergy and pulmonary sub-
specialty clinics of the University of Wisconsin-Madison with a diagnosis of asthma
who did not have co-morbid lung disease or were not under treatment for OSA. The
subjects completed the Asthma Control Questionnaire (ACQ) [74] and the Sleep
Apnea scale of the Sleep Disorders Questionnaire (SA-SDQ) [75]. Abnormal scores
were > 1.5 for the ACQ and > 36 (men) or > 32 for women for the SA-SDQ. High
SA-SDQ scores were associated with 3.60 times higher odds of having a high ACQ
score. With adjustments for obesity, race, nasal polyps, GERD, and psychopathology
the odds of not-well-controlled asthma were still 2.87 times higher in the high OSA
risk group.

Teodorescu et al. [76] performed a prospective study with 547 participants
recruited from a random sample of Wisconsin state employees who were enrolled in
the Wisconsin Sleep Cohort Study [2]. The presence or absence of OSA was assessed
by polysomnography performed on enrollment and every 4 years thereafter. None of
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the 547 participants had OSA on their first polysomnogram. The presence of asthma
in 81 participants was assessed by a questionnaire. At their first 4-year interval 22
(27%) participants with asthma had developed OSA while 16% of the asthma-free
participants had developed OSA. This was statistically significant (p = 0.02).

The pathophysiology that links asthma and OSA are hypothetical. Dixit [77]
postulated pathways that included increased parasympathetic tone, hypoxia-related
reflex bronchospasm, altered nocturnal neurohormonal secretion, increased inflam-
matory mediators, gastroesophageal reflux, and obesity. Also included were adverse
actions of inhaled corticosteroids producing increased upper airway adiposity or
localized steroid myopathy of dilator muscles. The pathophysiology of this overlap
continues to be discussed [19, 78].

8. Cognitive disorder

Several authors have reviewed the association of obstructive sleep apnea (OSA)
with cognitive disorders [79-81]. The risk of OSA for the future development of
Alzheimer’s disease remains prominently discussed [79]. The question of whether
treatment of OSA with CPAP will improve cognitive status and improve risk of
further deterioration is only beginning to be answered.

Dalmases et al. [82] performed a randomized, evaluator-blinded, parallel-group,
single center study of 31 patients (69.7% male) who were at least 65 years old. The two
arms of the study looked at newly diagnosed OSA patients (apnea hypopnea index
mean average of 55.49 + 17.63 events per hour). Patients were excluded if they had
a Mini Mental Status Examination of less than 24, respiratory failure, neurologic or
psychiatric disorders, chronic heart failure, unstable illnesses, other sleep disorders,
contraindications for MRI, and inability to respond to questionnaires. Out of the 51
patients assessed, 18 patients were excluded (3 for declining to participate). The 33
eligible patients were divided into two groups. One group was managed with sleep
hygiene and dietary counseling and the second group was placed on continuous posi-
tive airway pressure (CPAP) in addition to sleep hygiene and dietary counseling. All
patients received neuropsychological examination and T1 high resolution MRI and
5-minute resting state functional MRI testing at baseline and at 3 months. One patient
in each group was lost to follow-up and not included in the final assessment. While
there were no significant differences between the two groups at baseline, the CPAP
treatment group showed improvement in short-term memory (p = 0.032) and execu-
tive functioning (p = 0.014). The CPAP treatment group showed improvement in the
speed of mental processing (p = 0.007) and mental flexibility (p = 0.008). Functional
MRI revealed a significant increase in the intensity of connectivity (p = 0.012)
between the posterior cingulate cortex and precuneus, the parahippocampal gyrus,
and the middle and medial frontal gyrus (p = 0.013). There were no significant
changes in the Epworth Sleepiness Scale (ESS) between groups.

Werli et al. [83] looked specifically at the effect of residual excessive daytime sleepi-
ness (ESS > 10) in patients (ages from 30 to 65 years old) with moderate to severe OSA
(AHI > 20) all of whom were being treated with CPAP. The comparison groups were 15
patients with excessive daytime sleepiness (EDS) versus a control group of 15 patients
without excessive daytime sleepiness. There was no significant difference in the base-
line AHI and ESS, however the multiple sleep latency test did reveal the average sleep
latency in the control group to be 9.4 + 2.7 minutes versus the average sleep latency in
the EDS group of 2.9 + 2.34. There was no significant difference in CPAP adherence to

7



Obstructive Sleep Apnea — New Insights in the 215t Century

therapy. The EDS group performed poorly in executive functions, including such func-
tions as handling of information, inadequate planning, judgment, and decision making,
plus inflexibility, impulsivity, and difficulty maintaining motivation. The control group
did not show evidence of executive function deficits. The prognostic implications of
excessive daytime sleepiness in OSA continue to be an area of study and discussion.
There are several rationales for the finding of cognitive deficits in OSA [84-86].
Edwards et al. [84] showed that higher night-time cortisol levels were associated with
greater cognitive impairment in patients with moderate to severe OSA (mean AHI
30.3 £ 21.7 events per hour). Ciccone and Mehra [85] presented an unpublished study
showing the number of minutes during the sleep period with low oxygen levels was sig-
nificantly associated with lower scores on the Montreal Cognitive Assessment (MOCA)
test. There is a growing literature on cognition and OSA [20, 21]. OSA must be consid-
ered as an aggravating factor in patients presenting with a mild cognitive disorder.

9. REM sleep behavioral disorder

Rapid eye movement (REM) sleep behavioral disorder is a sleep parasomnia
associated with dream enactment. It has been associated with neurodegeneration
of long tracts originating in pontomedullary regions that send excitatory signals to
the glycinergic neurons of the spinal ventral horns to hyperpolarize spinal motor
neurons producing paralysis due to loss of muscle tone [16]. Idiopathic REM sleep
behavioral disorder (RBD) is caused by a group of neurodegenerative disorders called
the a-synucleinopathies, including Parkinson’s disease, multiple system atrophy, and
dementia with Lewy bodies [87].

Secondary disorders mimicking idiopathic RBD include dream enactment
behaviors caused by certain drugs, such as selective serotonin reuptake inhibitors
and brainstem injuries, tumors, vascular lesions, or inflammation [16]. Iranzo and
Santamaria [88] described 16 patients who were identified with dream enactment
behaviors in addition to snoring and excessive daytime sleepiness. Polysomnograms
did not show REM sleep without atonia but did show severe obstructive sleep apnea
(OSA) with mean apnea hypopnea index (AHI) of 67.5 + 18.7 events per hour. The
abnormal sleep behaviors occurred only during apnea-induced arousals. The authors
felt that the polysomnographic finding of REM sleep without atonia in the neurode-
generative disorders allowed dream enactment of neurodegenerative disorders to be
distinguished fromdream behaviors of severe OSA. Dream enactment associated with
OSA gained the name “pseudo-RBD.” Gabryelska et al. [17] mailed a questionnaire to
120 patients (85% male) with diagnosed RBD. One hundred and seven (89.2%) of the
patients had a diagnosis of OSA with an AHI greater than 5. Of the 72 patients who
responded to the questionnaire, 27 were using CPAP. Of the 27, 45.8% reported CPAP
therapy improved their dream enactment.

Pseudo-RBD can present as RBD, however, the treatment of pseudo-RBD with
clonazepam or another benzodiazepine can be contraindicated due to suppression of
arousals to breathe, especially in the absence of CPAP.

10. Paroxysmal atrial fibrillation

Paroxysmal atrial fibrillation has been recognized as having a strong association
with obstructive sleep apnea (OSA) [24, 25, 89, 90]. Atrial fibrillation (chronic and
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paroxysmal) is the most common cardiac arrhythmia. It can result in embolism
to the brain and body. The Sleep Heart Health Study compared 228 patients with
sleep-disordered breathing (SDB) (mean AHI 44.7 + 13.1; 50.88% male) with 338
patients without SDB (mean AHI 2.7 + 1.4; 47.00% male). This comparison showed
a higher incidence of atrial fibrillation in patients with OSA than in the general
population [91]. If adjustments were made for age, body mass index (BMI), hyper-
tension, and congestive heart failure, the odds ratio for atrial fibrillation in the OSA
group was 4.02.

Anter et al. [24] studied 86 patients with paroxysmal atrial fibrillation including
43 patients with moderate to severe OSA (AHI > 15) and 43 patients without OSA
(AHI < 5). The two groups underwent detailed electrophysiologic mapping and abla-
tion protocol which included pulmonary vein (PV) isolation plus ablation of extra-PV
triggers. An atrial fibrillation trigger site was defined as a site that produces an atrial
premature depolarization (APD) triggering episodes of atrial fibrillation (AF) lasting
>30 seconds. At baseline the PV was the most frequent trigger site in both groups and
PV isolation was achieved in all patients. On repeating the protocol to identify addi-
tional triggers 18 of 43 patients with OSA had residual extra-PV triggers compared to
5 of 43 patients without OSA. The association of AF and OSA was felt to be secondary
to electric and structural bi-atrial remodeling predominantly in the anterior septum.

The pathophysiology of atrial fibrillation is becoming clearer from animal studies.
The heart has dual autonomic nervous system innervations. The sympathetic nervous
system causes the heart to speed up and vagal nerve parasympathetic nervous system
causes the heart to slow down among other effects. Occlusion of the upper airway
leads to exaggerated negative intrathoracic pressure swings, intermittent hypoxia,
atrial stretching, and cortical arousals with proarrhythmic cycles of parasympathetic
and sympathetic nervous activities.
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Figure 1.
This is the baseline electrocardiogram showing normal sinus rhythm with no atrial abnormality.
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Figure 1 is a routine electrocardiogram (ECG) from a patient in our laboratory.
The ECG is normal without any evidence of an abnormality that would predispose
to a cardiac arrhythmia. Figure 2 is the initial recording from the diagnostic poly-
somnogram. Figure 3 shows the appearance of prolonged apneas, however, there is
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Figure 2.
The polysomnogram begins and the patient falls asleep with early signs of vespiratory arousals.
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Figure 3.
Prolonged apneas develop with occasional premature beats.
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Figure 4.
After two premature beats occurring consecutively, the vhythm changes to atrial flutter.
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Figuress.
CPAP is initiated. Atrial flutter with a rapid ventricular response changes to atvial fibrillation.

continuation of normal sinus rhythm. Figure 4 shows the appearance of two atrial
premature contractions occurring quickly during a prolonged apnea with initiation of
atrial flutter. Figure 5 shows atrial flutter deteriorating to atrial fibrillation. Figure 6
is post initiation of CPAP and atrial fibrillation spontaneously converts to normal
sinus rhythm.
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Figure 6.
Spontaneous conversion back to normal sinus vhythm on CPAP at “5 cm of water. The patient would need to be
treated with a final CPAP pressure of 10 cm of water.

11. Conclusion

Obstructive sleep apnea is a common illness that often flies under the radar of
clinicians, but the comorbidities discussed above may be common in clinical practice.
The danger for clinicians is that patients may not mention their sleep problems in the
outpatient evaluation and management unless specifically asked. Patients may also be
concerned about the cost of testing and treatment and resistant to referral. Treatment
of the comorbidity alone may fail to resolve the co-morbidity in the absence of treat-
ing sleep related breathing, underlying or aggravating the presenting complaint.

The increasing use and sophistication of inexpensive personal monitors and home
testing devices may be very helpful for the cost concern, however, public education
about the risks of sleep related breathing disorders and their comorbidities will
require continuing efforts.
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Evaluation and Management in
Patients with Obstructive Sleep
Apnea

Yuliia Dieieva and Oleksandr Naumenko

Abstract

The theme of conservative and surgical management of obstructive sleep apnea
syndrome (OSAS) revolves around the various approaches and strategies used to
treat this common sleep disorder. OSAS is a sleep disorder characterized by breathing
pauses due to upper airway obstruction. The treatment of OSAS involves conserva-
tive and surgical approach. Conservative management uses non-invasive techniques
and lifestyle changes, such as weight loss, positional therapy, and CPAP. Surgical
management corrects anatomical abnormalities causing the obstruction, including
uvulopharyngopalatoplasty and other upper airway surgeries. Conservative manage-
ment is usually the first treatment, while surgery is for severe or refractory OSAS. In
this chapter, we provide information about possible options for OSAS management
and treatment.

Keywords: obstructive sleep apnea, polysomnography, uvulopharyngopalatoplasty,
OSAS, snoring

1. Introduction

Obstructive Sleep Apnea Syndrome (OSAS) manifests as a recurring series of
occurrences wherein the upper airway undergoes episodic collapse and obstruction
during sleep, giving rise to arousals, often accompanied by oxygen desaturations. This
intricate interplay results in the fragmentation of sleep patterns.

Symptomatology associated with OSAS is diverse, reflecting individual variabil-
ity in presentation. Snoring, recognized as a prominent hallmark, underscores the
turbulent airflow dynamics characteristic of the condition during sleep cycles. In the
wakeful domain, daytime symptoms of OSAS encompass an array of manifestations.
Chief among these is excessive daytime sleepiness, defined by periods of pronounced
drowsiness and somnolence. Distinct from this is the sensation of fatigue, indica-
tive of a broader sense of exhaustion, depleted vigor, and a lack of motivation.
Pertinently, individuals may endure a feeling of non-rejuvenation despite adhering to
recommended sleep durations, thereby punctuating the multifaceted symptomatol-
ogy of OSAS [1].
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Snoring is a specific process accompanying the act of breathing, mainly during
sleep, and manifests as a characteristic low-frequency vibrating sound. According to
statistical data, approximately 20% of men and 5% of women suffer from snoring at
the age of 30. These numbers increase significantly with age, and by the age of 60,
about 60% of men and 40% of women face this issue. Snoring can indicate a potential
obstructive sleep apnea syndrome or be its precursor.

Among the factors contributing to the risk of developing OSAS, the following can
be highlighted: gender (men are affected 4-6 times more often than women), age (as
mentioned earlier, the prevalence increases after the age of 30), weight (including
neck circumference and lipid deposition characteristics), genetic and ethnic factors
(individuals of African and Latino populations are more prone to OSAS than those of
European descent; in Japanese individuals, the correlation between obesity and apnea
is less pronounced; genetically determined anatomical characteristics of the lower
jaw; presence of chromosomal defects, etc.), alcohol consumption or use of sedative
and hypnotic drugs, smoking, certain medical conditions, such as adenotonsillar
hypertrophy, acromegaly, stroke, myopathy, Parkinsonism, and others [2, 3].

During the study of snoring and the apnea syndrome, various hypotheses have
been proposed regarding their development mechanisms. Initially, snoring was per-
ceived as a natural phenomenon associated with healthy sleep rather than a medical
anomaly. However, further analysis revealed that snoring is characteristic of individu-
als with specific body structures and can be accompanied by pathological symptoms.
Subsequent research indicated that snoring can occur not only in individuals with
excessive weight but also in people with a normal body mass index.

Regarding the mechanism of OSAS development, two main types are recognized:
central, associated with central nervous system activity disturbances, and peripheral
(obstructive), which arises due to obstruction of the airways.

Central origin apnea syndrome accounts for less than 10% of cases and is often
linked to complex neurological disorders. As for obstructive apnea syndrome, it
develops due to the relaxation of throat and soft palate muscles during sleep, lead-
ing to the obstruction of the upper airways by the tongue or other throat and larynx
tissues. This results in blocked air passages, and the diaphragm continues to contract,
creating negative pressure in the airways, exacerbating the obstruction. This “vicious
cycle” can lead to oxygen deficiency and increased carbon dioxide levels in the blood,
resulting in hypoxia and subsequent awakening [4].

Minin YV. and colleagues developed a classification system for upper airway
obstruction. They divided this syndrome into four stages based on the severity of
obstruction symptoms [5].

* The first stage is characterized by snoring that typically occurs after alcohol
consumption or the use of muscle relaxants while lying on the back.

* The second stage involves persistent snoring in both the supine and lateral posi-
tions, with normal oxygen hemoglobin levels.

* The third stage shows compromised blood oxygenation during sleep and con-
stant snoring in any position, affecting the patient’s psychological state.

* The fourth stage is marked by constant snoring, obstructive apnea during sleep,
and alterations in other organs and systems, particularly the cardiovascular
system.
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Developers divided upper airway narrowing mechanisms into functional (result-
ing from physiological changes) and organic (caused by local anatomical changes).
Depending on the level of obstruction, narrowing can occur in the nasal cavity, naso-
pharynx, oropharynx, hypopharynx, or simultaneously affect multiple segments [5].

Frequent obstruction episodes lead to sleep disruption and fragmentation, insuf-
ficient blood oxygenation, and result in clinical manifestations such as daytime
sleepiness, reduced attention and productivity, alterations in the function of internal
organs and systems, and an increased risk of developing or exacerbating conditions
like arterial hypertension, ischemic heart disease, arrhythmias, heart failure, stroke,
and diabetes [6].

Episodes of apnea lasting over 10 seconds, occurring frequently (10 times or more
per hour), hold particular importance. Some of these conditions can worsen the
course of apnea syndrome, especially in the presence of obesity.

Recent research indicates that the mechanism of developing arterial hypertension
and cardiovascular diseases involves sympathetic nervous system activation due to
insufficient oxygen saturation. Additionally, there is a connection between leptin lev-
els in the blood, associated with systolic arterial pressure, and insulin and C-reactive
protein levels. Studies suggest that patients with obstructive apnea have elevated
leptin levels, which increase with the severity of obstruction [7].

The relationship between obesity and OSAS is reciprocal [8]. Observations of
middle-aged men have shown a connection between OSAS and acquired obesity. On
the one hand, patients with excess weight often experience breathing disturbances
during sleep. On the other hand, individuals with OSAS experience rapid weight gain,
with fat accumulating in the waist and neck regions [9].

In the general population, individuals with OSAS are more likely to have excess weight
(about 32% more often, on average) and insomnia. Sleep disturbances can lead to various
problems such as irritability, mental disorders, and depression, complicating weight loss
efforts in cases of obesity. Some studies indicate that OSAS treatment with CPAP therapy
can improve psychological well-being and has a limited impact on body parameters.

An additional contributory mechanism in the genesis of metabolic perturbations
within the context of obstructive sleep apnea syndrome is the modulatory impact
of sleep and its temporal patterns on the endocrine glands. Notably, disturbances in
the profound sleep phase have been associated with a surge in cortisol levels and the
modulation of hypothalamo-pituitary-adrenal (HPA) axis activity, thereby imparting
alterations in leptin, an integral hormone governing appetite regulation [10].

Furthermore, erectile dysfunction (ED) afflicts over half of OSAS patients [11]. By
employing polysomnographic scrutiny, we can predict the risk for ED, especially in
cases of moderate to severe OSAS where a higher predisposition is observed [12].

Among other symptoms of OSAS, it is worth mentioning nocturia and reports of
nocturnal ptyalism [13]. Moreover, the influence of OSAS on the immune system has
been a possible way of investigation [14].

It is notable that a significant proportion of OSAS patients resort to sleeping in
separate beds from their partners [15].

2. Diagnostic measurements

In the diagnostic realm, polysomnography and cardiorespiratory monitoring
persist as the most efficacious methodologies for OSAS assessment. Alternative
modalities encompass sleep bio-radar monitoring [16].
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Critical diagnostic parameters encompass the tally of apneic and hypopneic
episodes, the apnea-hypopnea index (AHI) [17].

In the context of ascertaining the imperative for orthodontic intervention, the
application of cephalometric diagnostic methodologies proves instrumental in scru-
tinizing craniofacial dimorphism within cohorts manifesting obstructive sleep apnea
syndrome, precipitated by dysmorphic attributes. Notably, during pharmaceutically
induced somnolence, the feasibility of executing upper airway endoscopy surfaces
for the purpose of pinpointing obstructions spanning disparate tiers of the upper
airways, all within settings that closely approximate the natural somnolent state [18].

In the intricate landscape where metabolic disturbances intersect with obstructive
sleep apnea syndrome, it becomes evident that the disruption of sleep architecture
reverberates beyond hormonal modulation to intricately intertwine with metabolic
processes. The attenuation of slow-wave sleep (SWS) and rapid eye movement (REM)
sleep, pivotal in orchestrating energy equilibrium and glucose metabolism, assumes
a crucial role in the risk of insulin resistance and metabolic perturbations. This
postulate finds empirical reinforcement through investigations revealing anomalous
glucose metabolism, compromised insulin sensitivity, and perturbed lipid profiles
among OSAS-affected individuals. This interplay between sleep architecture modifi-
cations and hormonal dysregulation underscores OSAS’s multi-layered influence on
metabolic dynamics [19].

The burgeoning body of evidence unfolds the adverse implications of OSAS on
cardiac structure and function, accompanied by an elevated susceptibility to hyper-
tension, atrial fibrillation, and myocardial infarction. Chronic intermittent hypoxia, a
cardinal feature of OSAS, is posited to instigate oxidative stress and an inflammation,
culminating in endothelial dysfunction and consequent cardiovascular sequelae. It is
increasingly clear that OSAS transcends the confines of isolated organ systems, evolv-
ing into a systemic ailment with repercussions spanning metabolic, cardiovascular,
and neurobiological domains [20].

In the clinical domain, while polysomnography persists as the gold standard for
OSAS diagnosis, technological advancements have engendered innovative modalities.
Portable sleep monitoring devices, wearable sensors, and computational algorithms
offer promising avenues for swift and cost-effective screening and continuous
surveillance of OSAS, both in clinical settings and the comfort of one’s home [21].
This paradigm shift toward accessible and uninterrupted monitoring holds significant
promise in bolstering early detection and the customization of therapeutic strategies.

As the complicated pathogenesis of OSAS continues to unfold, the important call
for interdisciplinary cooperation reverberates more compellingly than ever. The amal-
gamation of expertise spanning pulmonology, otolaryngology, sleep medicine, endo-
crinology, cardiology, and biomedical engineering holds the potential to cultivate a
comprehensive understanding of OSAS. This, in turn, catalyzes the development of
interventions that target not only the symptomatic facets but also the foundational
mechanistic intricacies underpinning this complex syndrome.

Summarizing the aforementioned research methods, we have compiled them into
Table 1, which provides a brief overview of each method and its purpose.

It is worth noting that one should not disregard the patient examination data, as
the diagnostic value of this examination method remains quite significant. During the
examination, attention should be paid to the patient’s general characteristics, nasal
and nasal cavity features, throat, larynx, and neck. Below, in Table 2, summarized
information about possible diagnostic findings during an otolaryngologist’s examina-
tion is provided.
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Step Diagnostic measure Indication
1 Medical history and patient Identify symptoms, complaints, and risk factors, genetics
questionnaire predisposing

2 Otolaryngological examination Evaluate anatomical aspects of upper airways

3 Biometric measurement Determine body metrics, including body mass index

4 CT (MRI) scan In case of nasal anatomical abnormalities due to ENT
examination

5 Cardiorespiratory monitoring Detect potential heart rhythm and breathing issues at home
during sleep

6 Polysomnography Establish presence and severity of apnea episodes in a hospital

7 Sleep video endoscopy Detail level of obstruction aspects during sleep

Table 1.

Diagnostic measure of OSAS.

General physical characteristics Obesity

Skeletal/craniofacial abnormalities

Neck Enlarged neck circumference

Nose/nasal cavity External nasal deformity

Septal deviation

Turbinate hypertrophy

Mucosal hypertrophy

Nasal polyps or any pathological discharge

Pharynx Tongue abnormalities

Palatal/uvular elongation

Tonsillar hypertrophy

Lateral wall collapse

Larynx Epiglottis characteristics (shape, form factor, etc.)

Glossoptosis

True vocal cord function

Arytenoid location/dislocation

Table 2.
Diagnostic findings during otolaryngologist’s examination.

3. Management of patients with obstructive sleep apnea

In contemporary medical practice, the therapeutic management of obstructive
sleep apnea can be categorized into two primary domains: conservative interventions
and surgical approaches.

Within the realm of conservative interventions, the Continuous Positive Airways
Pressure (CPAP) therapy stands as a widely embraced strategy. Conceived and
introduced in 1981 by Australian Scholar Professor Colin Sullivan, CPAP therapy

25



Obstructive Sleep Apnea — New Insights in the 215t Century

involves the administration of a constant stream of air through a nasal mask, tethered
by a flexible tube to an air compressor. This method effectively prevents the collapse
of the upper airway during sleep, maintaining adequate oxygen levels, reducing apnea
episodes, decreasing sleep fragmentation, and fostering psychological and physiologi-
cal well-being. This encompasses factors like weight reduction, diminished depressive
symptoms, reduced somnolence, and ameliorated cardiovascular, and endocrine
function. The substantiation of CPAP’s effectiveness rests on a body of evidence
comprising subjective reports and objective polysomnographic data, particularly in
cases of sustained and consistent use [22, 23].

Nonetheless, CPAP therapy is not without its limitations. The financial burden
of acquiring high-quality equipment, patient resistance to mask use, social discom-
fort, oral and nasal dryness, and skin irritation due to mask usage are noteworthy
constraints [24]. Moreover, the supposed weight-reduction benefits of CPAP therapy
have been met with skepticism in some investigations [24].

Alternative solutions involve intraoral devices, primarily suitable for mild to
moderate OSAS cases. These devices operate by stimulating reflexive muscle contrac-
tions in the tongue and oropharynx, augmenting their tonal resilience and mitigat-
ing vibrational tendencies. Similarly, other devices advance the mandible, thereby
expanding the upper airway dimensions within the oropharynx. For pediatric cases
attributed to anatomical snoring causes, specialized caps are employed to stimulate
mandibular growth and enhance the tonicity of oropharyngeal muscles and the
tongue.

It is vital to note that the mitigation of snoring does not necessarily correlate with
an equivalent reduction in the severity of obstructive apneic events during sleep.
Thus, when considering intraoral interventions, a systematic evaluation of treatment
efficacy is paramount. In cases of moderate to severe OSAS, recourse to more effica-
cious therapeutic modalities is advisable [25].

Behavioral interventions focus on addressing modifiable risk factors contribut-
ing to OSAS. These interventions primarily revolve around optimizing metabolic
profiles through weight management, achieved via personalized dietary interventions
and increased physical activity. Notably, a weight loss ranging from 10 to 17% has
demonstrated a significant reduction in apnea/hypopnea indices, substantiating this
approach [26, 27].

Smoking cessation, moderation in alcohol consumption, and abstaining from
sedative agents have also exhibited a contributory role in attenuating apnea occur-
rences [28].

Pharmacotherapy pursuits have explored the “Good night” preparation as a
noteworthy example. This preparation incorporates essential oils that, when conveyed
through nasal and oral conduits, induce reflexive enhancement in the contractility of
pharyngeal dilator muscles [29].

Various pharmacological classes (serotonin receptor antagonists, progesterone
derivatives, methylxanthines, and others) have undergone scrutiny; however, the
conservative therapy for OSAS remains constrained due to a dearth of medication
validation and discernible clinical impact [30, 31].

Distinct structural regimens targeting the oropharyngeal musculature and soft
palate have been devised to counteract collapsibility tendencies during sleep [32].

Uvulopalatopharyngoplasty (UPPP) presently stands as the quintessential
surgical intervention for OSAS. Initiated by T. Ikematsu in Japan in 1952, UPPP
involves a wedge-like resection of the mucosal lining of the posterior soft palate
contiguous to the palatine tonsil base. Subsequent steps encompass excision of the
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intervening mucosa between the anterior and posterior palatal arches, followed by
sutural reapproximation utilizing nodal sutures, and a minor partial resection of
the uvula [33].

Further expanding on this groundwork, S. Fujita advocated for an augmented
version termed uvulopalatopharyngoplasty to optimally enhance oropharyngeal
expansiveness. Based on research comprising 66 subjects, disseminated in 1985,

a substantial 76% reported notable subjective enhancements following the proce-
dure [34, 35].

UPPP is particularly endorsed in instances where superfluous soft tissue within
the oral cavity prevails, when CPAP proves ineffective, or when patient preference
diverges from continual positive airway pressure adherence. Notably, UPPP is usually
sidestepped in pediatric cohorts. In the domain of severe affliction, UPPP is often
subsumed within a comprehensive therapeutic regimen. While UPPP can lead to a
cessation of snoring, its capacity to wholly ameliorate the syndrome of nocturnal
apnea remains circumscribed. Empirical investigations elucidate a 40 to 60% endur-
ing efficacy rate for UPPP, prompting a judicious approach considering its potential
drawbacks [34].

UPPP is a widely accepted and generally safe surgical approach for managing
OSAS. Regrettably, UPPP does not consistently maintain its initial success, and some
patients who initially saw improvements in their OSAS severity may experience
relapses. While UPPP is recognized for its safety and established use, its long-term
effectiveness tends to decrease over time. Success rates decline as patients move
beyond the immediate postoperative period, especially when factors like an increase
in Body Mass Index play a role. This highlights the importance of continuous moni-
toring and the potential consideration of additional surgical interventions that target
specific areas of the airway to comprehensively address instances where UPPP does
not achieve the desired outcome [36].

Furthermore, a common observation is the resurgence of snoring and apneic
episodes with regained body mass, negating the efficacy of UPPP in this context.
Despite a body of scientific studies suggesting substantial UPPP efficacy even in long-
term observations extending beyond a year post-intervention, the limitations of the
procedure remain evident [37].

A significant development during the 1980s was the introduction of a surgical
method employing laser technology for soft palate interventions, offering advan-
tages such as shorter postoperative recovery periods, increased surgical precision,
reduced blood loss, and fewer postoperative complications. However, it is pertinent to
acknowledge the technique’s drawbacks, particularly the larger necrotic zone com-
pared to classical scalpel interventions [38].

In the mid-1990s, the utilization of radiofrequency thermoreduction (RFTR)
gained traction; nevertheless, its widespread adoption was hampered by its lim-
ited effectiveness in moderate to severe cases of obstructive sleep apnea syndrome
[39, 40].

Beyond traditional UPPP methods, contemporary practice explores less invasive
techniques, notably those involving microdebriders for excising small portions of the
soft palate through minimal incisions [17].

Worthy of note is the comparatively less invasive nature of cold plasma or
electrocautery-assisted UPPP. Furthermore, the integration of coblation technology is
progressively making headway in modern otolaryngological surgery [41].

A notable study conducted in Brazil compared standard UPPP to lateral pharyn-
goplasty, incorporating Z-plasty, for preventing posterior soft palate collapse. Results
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indicated a clear superiority of lateral pharyngoplasty over UPPP, characterized by
areduction in the apnea-hypopnea index from 41.2 to 9.5, substantial reduction in
daytime sleepiness and snoring, improved overall patient condition, and an extension
in deep sleep duration [42].

In a notable instance, in 2012, Kolyadych et al. evaluated the effectiveness of treat-
ing OSAS using palate implants. This approach induced inflammation and fibrous
capsule formation, leading to increased soft palate rigidity and dampening vibra-
tional fluctuations during breathing. This method exhibited a minimally invasive
profile, culminating in a 67.7% reduction in snoring intensity and notable alleviation
of daytime sleepiness [43].

Additionally, surgical interventions for obesity, including the excision of fat
deposits in the neck region, are also pertinent within the therapeutic spectrum [44].

Historically, in the 1970s, tracheostomy emerged as a common recourse for
managing OSAS. Presently, it is reserved for severe cases refractory to alternative
interventions [45].

In cases of upper airway obstruction, remedial strategies encompass septoplasty,
turbinectomy, and uvulopalatopharyngoplasty tailored to address the underlying
causative factors.

Curiously, despite the array of therapeutic options for managing obstructive sleep
apnea syndrome, the challenge remains due to the modest efficacy, often hovering
around 60% when scrutinized against objective benchmarks. Consequently, the
exploration of innovative surgical ways for enhancing OSAS management remains an
imperative trajectory for ongoing research endeavors.

Considering a range of factors in the pathogenesis of obstructive sleep
apnea syndrome, the approach to treatment should be personalized and com-
prehensive, involving collaborative efforts of interdisciplinary specialists.
Treatment options may encompass both conservative and surgical approaches,
which can be employed concurrently. According to our research and practice, in
the majority of cases, emphasis should be placed on weight reduction and surgical
interventions, specifically nasal cavity surgeries (septoplasty, turbinate reduction,
polypectomy, adenoidectomy), as well as pharyngeal surgeries, including soft
palate procedures. However, the AHI should be taken into account, along with the
benefit-risk assessment of such interventions. To facilitate a better understanding
of the indications for potential treatment, an infographic in the form of Figure 1 is
provided below.

The most common and typical surgical intervention for obstructive sleep apnea
syndrome is uvulopalatopharyngoplasty [46]. The traditional uvulopalatopharyn-
goplasty procedure was carried out with the patient under endotracheal anesthesia.
The surgeon made an incision in the soft palate along its free edge, about 7-10 mm
away from the front arch, going through the base of the uvula and continuing to
the other side. At the same time, they performed a bilateral tonsillectomy from
the back, regardless of whether the patient had chronic tonsillitis or not. The front
arches were removed along with the tonsils, while the back arches were kept for
later shaping of the side of the throat. To make it easier to stitch the mucous mem-
branes of the soft palate after partially removing a section, the nasal side was left a
bit longer than the oral side by about 6-8 mm. The stitches on the edge of the soft
palate were done using a gentle needle, spaced about 1-1.5 cm apart, with special
thread.

To provide better results, one of the possible approaches is removing a rectangular
strip of mucous membrane along with a layer beneath it from the soft palate, all
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Possible OSAS

= History
»Predisposing factors

OSAS severity based on AHI

=Mild - 5-14 episodes/hour
=Moderate - 15-29 episodes/hour
sSevere - more than 30 episodes/hour

In case of fail

e Mild - Moderate . Severe
1. Weight loss 1. CPAP 1. Upper airway
2. CPAP 2. Weight loss surgery
3. Positional therapy 3. Upper airway 2.CPAP
4. Upper airway surgery 3. Weight loss
surgery 4. Posistional therary 4. Posistional therary
Figure 1.
Management of OSAS.

without harming the muscles of the soft palate. Then, we can use a special V-Loc™
180 thread made of poliglecaprone to stitch three times. This thread had circular
notches that helped securely fasten the soft palate to the fibrous ring of the hard
palate using P-shaped stitches. This technique prevented the stitches from pulling
apart during talking or swallowing. Over the course of 120 days, as the thread gradu-
ally dissolved, scar tissue formed at the site of these stitches. This scar tissue provided
extra stability and reduced vibrations in the soft palate as the patient healed in the
weeks and months following the surgery. This technique, as illustrated in Figure 2,
can be used like first-line surgery [47].

Additionally, Table 3 displays a range of sleep surgery procedures commonly
employed to address obstructive sleep apnea. Ahead of undergoing surgery, it is
recommended, according to the guidelines set by the American Academy of Sleep
Medicine, that patients eligible for surgical options should receive counseling regard-
ing the potential complications and success rates associated with relevant surgical
methods. Traditionally, the success of these surgeries has been gauged by using the
apnea-hypopnea index as the main metric. However, there is a growing trend toward
incorporating patient-centered outcomes like sleepiness, quality of life, and improve-
ment in other concurrent health issues [48].
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Figure 2.
UPPP operative technique. On the left image illustrated possible mucous membrane removing zone and, on the
right is a final vesult with suturing.

Nasal surgery Septoplasty

Turbinoplasty

Polypectomies

Rhinoplasty

Oral/palatal UPPP and their modifications (laser-, cold plasm-, radiofrequency induced)

Tonsillectomy

Hypopharyngeal Radiofrequency ablation of the tongue

Midline glossectomy

Lingual tonsillectomy

Hyoid suspension

Other Maxillofacial surgery

Hypoglossal nerve stimulation

Table 3.
Surgical measurements for OSAS treatment — upper airway surgery.

4, Conclusion

In conclusion, the assessment and management of patients grappling with
obstructive sleep apnea syndrome epitomize a multidimensional challenge that war-
rants a nuanced and personalized approach. OSAS, characterized by recurrent upper
airway collapse during sleep, underscores the intricate tapestry of considerations in
diagnosis and treatment.

In the diagnostic realm, a comprehensive evaluation regimen involving polysom-
nography and home sleep apnea tests unravels the intricacies of OSAS severity and
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phenotypic expression. Augmented by anatomical insights via methodologies such as
drug-induced sleep endoscopy, the diagnostic phase unveils the unique facets of each
patient’s condition.

The therapeutic landscape encompasses an array of interventions, encompass-
ing lifestyle adaptations, intermediate measures such as continuous positive airway
pressure therapy and oral appliances, and the burgeoning domain of sleep surgery.
This surgical avenue, ranging from nasal interventions to oropharyngeal procedures,
provides a tailored arsenal to address the intricate mosaic of anatomical and func-
tional complexities.

Nonetheless, a holistic perspective is essential, recognizing the multifaceted
nature of OSAS. Embracing patient education, managing comorbidities, and foster-
ing adherence to therapeutic modalities are integral tenets. As the realm of OSAS
continues to unravel its intricacies, an individual-centric strategy, harmonized with
empirically grounded practices, underscores the bedrock of effective management.

In the ultimate analysis, the evaluation and management of OSAS mandate a
collaboration between healthcare practitioners and patients, epitomizing the synergy
of clinical acumen and the patient’s lived experience. As we voyage deeper into the
annals of understanding and technological innovation, the optimization of OSAS
management holds the potential to elevate the quality of life for those ensnared by
this sleeping disease.
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Chapter 3

Epidemiology of Childhood Sleep
Apnea

Elizabeth Jones

Abstract

Childhood sleep apnea is characterized as airway obstruction because of upper
airway impairment due to reduced oxygen levels or awakening from sleep in children.
In children, only 1-5% of children suffer from sleep apnea, which equals to about 20
million—100 million children, globally. However, childhood sleep apnea tends to be
underdiagnosed with about 90% of children not being properly diagnosed with sleep
apnea. Sleep apnea is a major concern due to the harmful clinical manifestations
associated with the condition, such as abnormal breathing during sleep, frequent
awakenings or restlessness, frequent nightmares, nocturnal enuresis, difficulty get-
ting up in the morning, excessive daytime sleepiness (EDS), ADHD-like symptoms,
daytime mouth breathing, and abnormal sleep patterns. There are also certain risk
factors that can increase the risk of childhood sleep apnea. These risk factors are
tonsillar hypertrophy, adenoid hypertrophy, obesity, craniofacial anomalies, and
neuromuscular disorders. Childhood risk factors are important to consider because
they can increase risk and severity. To aid an efforts to relieve, prevent, and diagnose
childhood sleep apnea, there needs to be more efforts to promote, to educate, and
to implement diagnostic testing for sleep apnea as a standard of care in pediatric
patients.

Keywords: childhood, sleep apnea, airway obstruction, epidemiology, apnea risk

1. Introduction

Childhood sleep apnea is characterized as airway obstruction because of upper
airway impairment due to reduced oxygen levels or awakening from sleep in chil-
dren. Childhood sleep apnea is less commonly diagnosed and can severely affect
functioning, growth, behavior, and development. Knowledge of childhood sleep
apnea is very important because it allows adults to understand the source of certain
behaviors, promote awareness, and to ensure the proper diagnosis of children
with sleep apnea. This chapter introduces several concepts including, prevalence
of sleep apnea, risk factors, clinical manifestations, diagnosis, screening, and
recommendations.
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2. Prevalence of sleep apnea in children

“Globally, around 1 billion people suffer from sleep apnea” [1]. “In children, only
1-5% of children suffer from sleep apnea, which equals to about 20 million-100 mil-
lion children, globally” [2]. While the prevalence of sleep apnea is lower in children
than adults, childhood sleep apnea is usually not diagnosed as frequently as in adults.
“About 90% of children are underdiagnosed for sleep apnea” [3]. Childhood sleep
apnea is usually underdiagnosed because of the difficulty detecting the condition in
children.

2.1 Prevalence of sleep apnea in children by sex

“The prevalence of childhood sleep apnea is equal in boys and girls, which equivo-
cates to a prevalence of 10 million-50 million for both boys and girls” [4]. “Both boys
and girls, who have asthma or are obese have an increased risk of childhood sleep
apnea” [5]. While childhood asthma and obesity have been shown to increase the risk
of childhood sleep apnea, the role that asthma and obesity play in sleep apnea severity
is unknown in both boys and girls. “Other risk factors that are associated with child-
hood sleep apnea in both boys and girls are down syndrome, facial birth defects, birth
defects in the skull, cerebral palsy, sickle cell disease, neuromuscular disease, low
birth weight, and family history of sleep apnea” [6].

2.2 Prevalence of sleep apnea in children by age and race

Table 1 indicates that the prevalence of sleep apnea for children between the
ages 0—4 years is 0.66%, the prevalence of sleep apnea for children between the
ages of 5-9 years is 1.37%, the prevalence of sleep apnea for children between
the ages of 10-14 years is 1.56%, and the prevalence of sleep apnea for children
between the ages of 15-19 years is 1.14% [7]. Table 1 shows that children between
the ages of 10-14 years have a higher prevalence of sleep apnea. Typically, children
between the ages of 10-14 are experiencing puberty. At times, puberty has been
shown to increase the risk of sleep apnea because growth spurts can cause sleep
disorder breathing.

Table 1 also indicates that the prevalence of sleep apnea in Black children
is 47.1%, the prevalence of sleep apnea in Hispanic children in 12.5%, and the
prevalence of sleep apnea in White children is 40.4%. “Table 1 shows Black
children have a higher prevalence of sleep apnea” [8]. “Studies have shown that

Age Race
Sleep apnea prevalence 0-4 years: 0.66% Black: 47.1%
(%) 5-9 years: 1.37% Hispanic: 12.5%
10-14 years: 1.56% White: 40.4%
15-19 years: 1.14%
Total number of sleep 0-4 years: 13,200,000 Black: 942,000,000
apnea cases: 5-9 years: 27,400,000 Hispanic: 250,000,000
10-14 years: 31,200,000 White: 808,000,000

15-19 years: 22,800,000

Table 1.
Sleep apnea by age ¢ vace in children.
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Black children have a higher odds of developing sleep apnea and often have a 20%
increase in the severity of sleep apnea” [8].

3. Background: snoring in children

Snoring is a severe sound that obstructs air through the nose and pharynx.
“Generally, snoring is quite common in children” [9]. Since snoring is seen as com-
mon, it is not seen as a concern. “However, habitual snoring can be a sign of sleep
apnea. “Habitual snoring is defined as snoring 3 or more nights per week” [10, 11].

4. Prevalence of snoring in children

“Globally, 60,000,000 million-240,000,000 million children snore, accounting
for a prevalence of 3-12%” [12]. In children, “African Americans have a higher preva-
lence of snoring” [13]. Figure 1 also indicates the prevalence of habitual snoring by
age. Children between the ages of 11-13 have a higher prevalence of habitual snoring.
5. Risk factors in children

“These risk factors are tonsillar hypertrophy, adenoid hypertrophy, obesity,
craniofacial anomalies, and neuromuscular disorders” [14, 15]. Childhood risk factors
are important to consider because they can increase risk and severity.

5.1 Tonsillar hypertrophy

Tonsillar hypertrophy is a condition characterized by swollen or enlarged tonsils.
Tonsillar hypertrophy is commonly diagnosed in children. Tonsillar hypertrophy

Prevalence of Habitual Snoring by Age (%)

Age

M 5-8 years old m 9-10 years old W 11-13 years old

Figure 1.
Habitual snoring by age children.
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increases the risk of childhood sleep apnea because the condition causes the narrow-
ing of the upper airways, which can lead to airway obstruction.

5.2 Adenoid hypertrophy

Adenoid hypertrophy is characterized by enlarged or swollen adenoids. When
adenoid hypertrophy and reduced muscle tones are both present simultaneously in
children, the conditions significantly increase the risk of childhood sleep apnea. Both
conditions simultaneously cause severe airway obstruction.

5.3 Obesity

Obesity is characterized as a body mass index of 30 or higher. Body mass index is
the measure of body fat by height and weight. Obesity is a very common risk factor
in children diagnosed with sleep apnea. Fat build-up in the upper respiratory track
reduce airway flow, which leads to decrease muscle activity. The reduction of muscle
activity results in hypoxia and apneic episodes, which causes sleep apnea.

5.4 Craniofacial anomalies

Craniofacial anomalies are characterized by facial and head deformities in chil-
dren. “Generally, certain craniofacial anomalies put children more at risk of sleep
apnea including, maxillary hypoplasia, mandibular hypoplasia, poor motor tone,
crowded oropharynx, and macroglossia” [16]. These conditions tend to cause air
narrowing and obstruction.

5.5 Neuromuscular disorders

Neuromuscular disorders are characterized as peripheral nervous system diseases.
“Specifically, polymyositis, dermatomyositis, and inclusion body myositis are neuro-
muscular conditions that cause sleep apnea in children” [17]. These conditions result
in sleep apnea due to a loss of muscle tone, respiratory muscles weakness, and move-
ment impairment.

6. Prevalence of risk factors in children

6.1 Prevalence of tonsillar hypertrophy by age, sex, and race

1-5% of children with sleep apnea have tonsillar hypertrophy. Usually, children
between the ages of 2-8 years old have a higher prevalence of tonsillar hypertrophy.
The prevalence of tonsillar hypertrophy is also associated with sex in children. Boys
diagnosed with tonsillar hypertrophy have a higher prevalence of sleep apnea com-
pared to girls. The prevalence of tonsillar hypertrophy in boys is 55.4% compared to
44.6% in girls. However, there is no known association between tonsillar hypertrophy
in childhood sleep apnea cases and race.

6.2 Prevalence of adenoid hypertrophy by age, sex, and race

1-5% of children with sleep apnea have adenoid hypertrophy. Usually, children
ages 2-8 years old have a higher prevalence of adenoid hypertrophy. However, sex and
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race do not play a role in the relationship between adenoid hypertrophy and
childhood sleep apnea.

6.3 Prevalence of obesity by age, sex, and race

“13-59% of children with sleep apnea are obese” [18]. Typically, boys, who are
obese have a higher prevalence of sleep apnea compared to girls, who are obese. In
terms of age, obese adolescents have a higher prevalence of sleep apnea than obese
children of other ages. However, the relationship between race and obesity in child-
hood sleep apnea cases vary.

6.4 Prevalence of craniofacial anomalies by age, sex, and race

“Around 16% of children with craniofacial anomalies have sleep apnea” [16].
“However, children with craniofacial anomalies are 30 times more likely to be diag-
nosed with sleep apnea compared to children without craniofacial anomalies” [16].
Currently, there is no known association between age, sex, and race in children with
craniofacial anomalies and sleep apnea diagnosis.

6.5 Prevalence of neuromuscular disorders by age, sex, and race

“40% of children with neuromuscular disorders have childhood sleep apnea” [18].
“Generally, children between the ages of 10-12 years old with neuromuscular disorders
have a higher prevalence of sleep apnea” [18]. However, the relationship between sex
and race in children diagnosed with neuromuscular disorders and sleep apnea vary.

7. Genetic risk factors in children

A genetic risk factor is the probability of having a genetic mutation or disorder
associated with a disease. Genetic risk factors in children such as, down syndrome,
prader-willi syndrome (PWS), smith-magensis syndrome, and angelman syndrome
(AS) often significantly increase the risk of obstructive sleep apnea compared to
children without these conditions. Sleep apnea in children with down syndrome,
PWS, smith-magensis syndrome, or AS can result in very harmful health outcomes
both physically, mentally, and developmentally.

7.1 Down syndrome

Children with down syndrome have an increased risk of sleep apnea. Down
syndrome is a genetic disease associated with an extra chromosome 21. Individuals
with down syndrome have certain physical features associated with their genetic
condition, such as enlarged adenoids, tongue, tonsils, flat face, short neck, and poor
muscle tone. These physical features are the reason for their increased risk of sleep
apnea compared to other children.

7.2 Prader-Willi syndrome

Commonly, children with prader-willi syndrome (PWS) have an increased risk
of sleep apnea. PWS is a genetic condition that results in numerous physical, mental,
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and behavioral challenges. The most common symptom associated with PWS is expe-
riencing constant hunger. Due to constant hunger being the most common symptom
of the condition, children with PWS are usually obese. Being obese increases the risk
of childhood sleep apnea.

7.3 Smith-Magenis syndrome

Children with smith-magenis syndrome have higher rates of sleep apnea
than children without the condition. Smith-Magenis syndrome is a developmental
disorder associated with emotional challenges, behavioral challenges, and difficulty
with learning processes. Individuals with Smith-Magenis syndrome also have certain
phenotypic facial features that increase their risk of childhood sleep apnea.

7.4 Angelman syndrome

Children diagnosed with AS also have an increased risk of sleep apnea. ASisa
genetic disease associated with developmental challenges, problems with balance
and speech, and seizures. Individuals with AS often have a happy disposition and are
easily excitable. Generally, children with AS have difficulty falling asleep, remaining
asleep, and have various other sleep related conditions.

8. Prevalence of genetic risk factors in children

8.1 Prevalence of sleep apnea in children with down syndrome by age, sex,
and race

“The prevalence of sleep apnea in children with down syndrome is 53-76%
compared to children without down syndrome, who have disease prevalence of
1-5%7 [19]. Prevalence of sleep apnea is also higher in younger children with down
syndrome compared to older children with down syndrome. However, the prevalence
of sleep apnea does not differ by sex or by race and ethnicity in children with down
syndrome.

8.2 Prevalence of sleep apnea in children with prader-willi syndrome by age, sex,
and race

“The prevalence of sleep apnea in children with PWS is 57%” [20]. Prevalence of
sleep apnea is also higher in older children (>2 years) with PWS compared to younger
children with the condition [20]. However, the prevalence of sleep apnea does not
differ by sex or by race and ethnicity in children with PWS.

8.3 Prevalence of sleep apnea in children with angelman syndrome by age, sex,
and race

“The prevalence of sleep apnea in children with AS is 20-80%” [21]. Prevalence
of sleep apnea is higher for children between 2 and 6 years and diminishes as a child
progresses through late childhood [21]. However, the prevalence of sleep apnea does
not differ by sex or by race and ethnicity in children with AS.
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9. Clinical manifestations

Clinical manifestations vary for all children. Clinical manifestations for childhood
sleep apnea include abnormal breathing during sleep, frequent awakenings or rest-
lessness, frequent nightmares, nocturnal enuresis, difficulty getting up in the morn-
ing, excessive daytime sleepiness (EDS), daytime mouth breathing, abnormal sleep
patterns, non-rapid eye movement (NREM) parasomnias, ADHD-like syndrome,
and cognitive and neuropsychological conditions. Clinical manifestations present in
children tend to make day to day activities difficult for parents and children.

9.1 Abnormal breathing during sleep

“Abnormal breathing during sleep is characterized by the ceasing of breathing
during sleep” [22]. Breathing cessation is usually the result of airway blockage from
enlarged tonsils or adenoids in the upper airway. Abnormal breathing can be observed
in children by noticing brief pauses during sleep.

9.2 Frequent awakenings or restlessness

Frequent awakenings or restlessness is characterized by disruptions from sleep or
awakening or inability to sleep. Frequent awakenings are a result of lacking oxygen,
which result in the initiation of the survival reflex. The survival reflex is used to allow
the child to return to normal breathing by waking-up.

9.3 Frequent nightmares

Frequent nightmares are characterized by unpleasant dreams during sleep.
Children, who suffer from sleep apnea experience abnormal or fragmented sleep
patterns that can cause high alert in the brain. By the brain being in high alert, it can
result in mental distress that can be expressed as nightmares in children.

9.4 Nocturnal enuresis

Nocturnal enuresis is bedwetting that occurs at night. Enuresis is a secondary con-
dition that occurs due to exhaustion from the inability to sleep due to childhood sleep
apnea. “Children, who experience exhaustion or extreme fatigue may not be able to
control their bladder as well as children, who are not suffering from sleep apnea” [23].
9.5 Difficulty getting up in the morning

Children with sleep apnea may have trouble getting up in the morning due to
irritability from the lack of a normal sleep pattern caused by childhood sleep apnea.
The irritability that a child may experience during awakening can last throughout the
day, which can result in issues in the classroom.

9.6 Excessive daytime sleepiness

EDS is characterized as the inability to remain awake or alert during the day-
time. EDS in children can result in failing grades, emotional disturbances, and
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inattentiveness. Obese children with sleep apnea are more likely to suffer from EDS
than non-obese children with EDS at any given severity level of sleep apnea.

9.7 ADHD-like symptoms

ADHD-like symptoms are characterized as disruptive behavior in children and is
amimicry condition to ADHD. ADHA-like symptoms are associated with childhood
sleep apnea. ADHD-like symptoms make it difficult for children to function and
concentrate properly during the day.

9.8 Daytime mouth breathing

Children with sleep apnea tend to suffer from adenoid hypertrophy and tonsillar
hypertrophy. These conditions usually cause daytime mouth breathing. Daytime
mouth breathing is characterized as a child breathing through their mouth instead of
their nose during the daytime hours. Daytime mouth breathing can cause harm to a
child’s mental and oral health. Mentally, daytime breathing can result in issues with
problem solving and concentration. In terms of oral health, long-term daytime mouth
breathing can cause gum disease, caries, crowded teeth, and cracked lips.

9.9 Sleep patterns

Sleep patterns are characterized as the typical sleep cycle that individuals undergo
each night. “A typical sleep pattern has 4 to 6 cycles each night. These cycles last
80-100 minutes and involve two phases of sleep” [24]. “Children with moderate sleep
apnea have an abnormal sleep pattern that results in children waking up 120-239
minutes per 8 hours of sleep” [25]. “Children with severe sleep apnea may wake-up 30
or more times per hour” [25].

9.10 Non-rapid eye movement parasomnias

NREM parasomnias is characterized as “sleep walking and confusional arousals
during the first half of the night” [26]. Children with sleep apnea may experience
NREM parasomnias. NREM parasomnias are caused by cortical arousals and/or sleep
inertia caused by abnormalities in arousal mechanisms due to sleep apnea.

9.11 Deficits of IQ and executive function

Children diagnosed with sleep apnea also suffer from cognitive and neuropsy-
chological effects. Children with sleep apnea may have lower IQs and poor executive
functioning. Developing children with untreated sleep apnea can have their cognitive
function altered permanently.

10. Diagnosis

Clinical symptoms of sleep apnea do not manifest in the same manner in children
as adults. For children, clinical manifestations tend to affect behavior, which can
result in hyperactivity and inability to concentrate. While the clinical manifestation
of symptoms differs for adults and children, symptoms of sleep apnea fluctuate for
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all children. Due to fluctuation of clinical symptoms in children, diagnosis criteria,
clinical criteria, and the assessment of severity play a major role in understanding the
extent of sleep apnea in children.

10.1 Diagnosis criteria

Diagnosis criteria for childhood sleep apnea are factors used in medical practice
to direct the care of young patients through the assessment of symptoms, signs, and
tests. Generally, diagnosis criteria are very important aspects of medical practice and
patient care because it ensures that patients receive the best possible care. In children,
the diagnosis criteria for sleep apnea are vital in preventing, understanding, and
identifying declines in oxygen levels, or increases in carbon dioxide levels.

According to the American Academy of Family Physicians (AAFP), “the golden
standard for the diagnosis criteria of sleep apnea in children is measured using the
apnea-hypopnea index (AHI)” [27]. The AHI is the average rate of breathing distur-
bances or apneas or shallow or unusually slow breathing patterns or hypopneas. The
AAFP has set the golden standard for the diagnosis criteria of childhood sleep apnea
as an “AHI of greater than 1 or an average of 0.1-0.5 events per hour or a minimum
oxygen saturation level of less than 92%” [27].

10.1.1 Clinical criteria

Clinical criteria are guidelines that are used to assess a patient’s condition to estab-
lish the patient’s medical needs. In children with sleep apnea, clinical criteria are used
to assess a child’s condition to lead to a diagnosis. The clinical criteria of childhood
sleep apnea are “snoring, labored, paradoxical, or obstructed breathing during sleep,
sleepiness, hyperactivity, behavioral problems, or learning problems” [28].

10.1.2 Polysomnography

Polysomnography (PSG) is a test that is used to diagnose sleep apnea in adults and
children. PSG diagnoses sleep disorders by measuring AHI or respiratory disturbance
index (RDI). Typically, the most recommended environment for the use of PSG in
children is to use an overnight PSG in a sleep laboratory. Figure 2 depicts PSG in a
child with severe obstructive sleep apnea.

10.2 Assessment of severity

The assessment of severity is used to describe the intensity of sleep apnea cases
in children. There are three grades of severity- mild obstructive sleep apnea, moder-
ate obstructive sleep apnea, and severe obstructive sleep apnea. “Mild sleep apnea
is defined as an AHI of greater than 1 to less than 5” [29]. “Moderate sleep apnea is
defined as an AHI of greater than or equal to 5 or less than 10 [29]. “Severe sleep
apnea is defined as an AHI of greater than or equal to 10” [29].

10.3 Preliminary classification using respiratory disturbance
index/apnea-hypopnea index

Both RDI and AHI can be used as a diagnosis and assessment tool for obstruc-
tive sleep apnea in children. While both RDI and AHI are similar, RDI also includes
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PSG in a child with severe obstructive sleep apnea [21].

respiratory effort-related arousal (RERAs) as a standard for diagnosing and assessing
severity of sleep apnea. RERAs is a disorder caused by airflow reduction in the upper
airways and leads to increases in respiratory effort that settles by the appearance of
arousal.

11. Screening

Screening is the application of tools used to detect potential disease occurrence
in patients, who are without symptoms. Medically, symptoms are considered the
subjective experience of patients, who are dealing with a health concern. The screen-
ing process for childhood sleep apnea involves the use of the pediatric sleep question-
naire (PSQ) to identify potential risk. Followed by using Nocturnal Polysomnogram
(PSG) or the Nocturnal Pulse Oximetry to physically confirm cases of childhood sleep
apnea. Generally, Nocturnal Polysomnogram is conducted in a sleep laboratory, while
Nocturnal Pulse Oximetry is conducted at home.

11.1 Pediatric sleep questionnaire

“The Pediatric Sleep Questionnaire (PSQ) is a 22-item survey that accesses for
apneas, snoring, sleepiness, and other childhood sleep apnea symptoms” [30]. PSQ is
scored using 0 and 1 s with 0 s meaning that the symptom is absent and 1 s meaning
that the symptom is present. “A final score of greater than or equal to 0.33 is used to
indicate a risk of childhood sleep apnea” [30].

11.2 Nocturnal polysomnogram

Nocturnal PSGs conducted in sleep laboratories are considered the gold standard
for detecting childhood sleep apnea. A nocturnal PSG can identify both obstruc-
tive events and assess severity. However, the process of scheduling nocturnal PSGs
for pediatric patients is rather complex. Nocturnal PSGs for children are generally
ordered based on several factors, including the decision of the healthcare provider,
age, comorbidities, the preference of the parent or guardian, tolerance of sensors, and
the availability and accessibility of PSG testing.
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The technical process of nocturnal PSG testing involves the use of sensors to track
brain waves, oxygen levels, breathing, heart rate, and physical movement, such as
eye and leg movement. Typically, nocturnal PSGs are performed in sleep laboratories
within hospitals or sleep centers. The set-up time for PSGs can be timely and the
detection of nocturnal seizures can also extend the time further.

11.3 Nocturnal pulse oximetry

A nocturnal pulse oximetry is a device that is used to detect oxygen levels in the
blood as a means for indicating the presence of childhood sleep apnea. Typically,
nocturnal pulse oximetry is used at home during the night and is easy to use. The
device has an apparatus that connects to one finger, which makes it easy to set-up and
easy to manage for parents of young patients.

12. Summary and recommendations

Childhood sleep apnea is a very serious condition in children. While childhood
sleep apnea may not be as common as adult sleep apnea, the effects of the disease is
still very harmful and is often underdiagnosed in children. The effects of childhood
sleep apnea tend to affect the day-to-day activities of children. Certain populations
of children are also more at risk of sleep apnea due to genetic factors, and certain
conditions, such as obesity, neuromuscular disorders, and craniofacial anomalies. To
aid an efforts to relieve, prevent, and diagnose childhood sleep apnea, there needs
to be more efforts to promote the commonality of the disease in children, to educate
parents on identifying the symptoms, to explore new treatment options [31], andto
promote the implementation of diagnostic testing for sleep apnea as a standard of
care in pediatric patients.
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Chapter 4

Perspective Chapter: Role of

the Oral Healthcare Team in the
Management of Obstructive Sleep
Apnea

Michael Greaves, Dwight McLeod
and Ignacio Christian Marquez

Abstract

Obstructive sleep apnea (OSA) represents a significant health issue with numerous
social and health ramifications caused by disturbed sleep. Additionally, it is well-known
that OSA has an influence on cardiovascular diseases. OSA has a multifactorial
etiology, and therefore requires a multidisciplinary approach for both diagnosis and
treatment. Traditionally, dentists have treated OSA at the request of physicians and do
not routinely contribute to diagnosis and treatment; however, the awareness of OSA is
increasing within the healthcare profession and the potential role of dental practitio-
ners in its treatment is an emerging field. The dental profession is in a unique position
to work with their medical colleagues in providing treatment which can dramatically
improve quality of life.

Keywords: obstructive sleep apnea, dentist, oral healthcare team, mandibular
advancement device, oral appliance therapy

1. Introduction

Oral healthcare professionals can play an important role in the screening, evaluation
for clinical signs, and clinical management of obstructive sleep apnea (OSA). Dentists
and other oral healthcare professionals are trained to evaluate for the clinical signs of
obstructive sleep apnea, such as large tonsils, micro or retrognathia, bruxism, TMD,
etc. Working with a patient’s team of medical professionals, the oral healthcare team
can help provide treatment for mild to moderate OSA that includes the fabrication of
oral appliances, management of dental considerations, and follow-up care to maximize
treatment efficacy. In instances where patients cannot tolerate other treatment modali-
ties, oral appliance therapy can also help in managing patients with severe OSA. Due
to the high rates of patient adherence to oral appliance therapy and its efficacy, oral
appliance therapy is similar in effectiveness to CPAP therapy in the treatment of mild to
moderate OSA.

51 IntechOpen



Obstructive Sleep Apnea — New Insights in the 215t Century

2. Relevant anatomy
2.1 Oropharynx

The pharynx is located in the midline of the neck and connects the oral cavity to
the gastrointestinal tract and the trachea. It is funnel-shaped with the upper portion
being larger and is at the base of the skull, while the lower end is narrower and located
at the level of the sixth cervical vertebra (C6). This is where the pharynx meets the
larynx and the esophagus. It is formed of muscles and mucous membranes, which
allows it to serve several functions related to both digestion and respiration, including
food swallowing, air conduction, and voice production [1-3].

The pharynx is divided into three parts from superior to inferior: the nasophar-
ynx, located behind the nasal conchae, the oropharynx, located posterior to the oral
cavity, and the laryngopharynx, which is inferior to the epiglottis. The nasopharynx is
part of the respiratory tract and conducts air from the nasal passages. Also, the lateral
surface of the posterior wall of the nasopharynx includes two openings, which are
called the auditory (or Eustachian/pharyngotympanic) tubes. These tubes are con-
nected to the middle ears posteriorly. Their main function is to equalize pressure and
to drain secretions of the middle ears. The oropharynx is a continuation of the oral
cavity and serves to pass the bolus of food to the laryngopharynx.

Frontal sinus

Sphenoid sinus

Nasal conchae
Superior
Middle

Internal nares

Entrance to auditory tube Inferior

Nasopharynx Nasal cavity
External nares
T Hard palate
Laryngopharynx Soft palate
Oral cavity

Trachea

Epiglottis

Glottis
Vocal fold

The Upper Respiratory System

Figure 1.
Anatomy of the upper airway [4].
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The muscles of the soft palate contract to close the nasal cavity as the bolus passes
from the oral cavity. This prevents the bolus from entering the nasal cavity. At the
same time, the epiglottis (which is cartilage located at the superior portion of the
larynx) is pushed anteriorly to close the opening to the airway and prevent food from
entering. Finally, the laryngopharynx receives the bolus and moves it into the esopha-
gus to continue digestion. Alternatively, air moves from either the nasal cavity to the
nasopharynx or from the oral cavity to the oropharynx and enters the laryngophar-
ynx to the trachea to continue its path on the respiratory tract (Figure1) [2, 5-7].

Typical breathing during sleep

‘ ™ Hard palate

Soft palate
Open airway

Obstructive sleep apnea

Blocked airway

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED.

Figure 2.
Blockage of the airway in obstructive sleep apnea [16].
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2.2 Pathophysiology of obstructive sleep apnea

The pathophysiology of OSA contains many factors and differs between individu-
als. The major contributing components that impact the severity of the obstructive
sleep apnea include anatomic obstruction of the upper airway, low respiratory arousal
threshold, high loop gain (unstable respiratory control), and poor upper airway dila-
tor muscle responsiveness [8].

The most prominent feature of the treatment of OSA is a widening of the lateral
diameter of the airway, especially in the area behind the soft palate [9, 10], likely
through soft tissue connections between the lateral airway wall muscles and the man-
dible [11]. This lateral widening of the airway can be brought about by the advance-
ment of the mandible.

In dentistry, however, there are signs possibly related to OSA that can be observed:
a hard palate that is narrow or exhibits a high arch, relationship between the maxillary
and mandibular jaws, relative tongue size and other soft tissue characteristics (e.g.,
enlarged uvula and narrowing of the airway from the tonsillar area) [12-14].

Obstructive sleep apnea (OSA) is defined as repetitive and intermittent blockage of
the upper airway during sleep [15]. The pharyngeal walls collapse, leading to this con-
strictor or blockage of the airway. A complete closure of blockage leads to apnea and a
partial closure results in hypopnea. There can be significant consequences and changes
in the nervous and circulatory systems from continued apnea events. Snoring is caused
by a narrowing of the pharynx. The soft portions of the upper airway (the pharyngeal
walls, uvula, and soft palate) vibrate, leading to the snoring sound (Figure 2).

3. Common oral signs/symptoms

Dental professionals can identify many intraoral signs and symptoms associated
with OSA during routine appointments in the dental office. Examples of the intraoral
signs associated with OSA include redness of the soft palate and uvula area, narrow
palate, enlarged tongue and bilateral mandibular tori. Symptoms may include dry
mouth (xerostomia) and bruxism (grinding of the teeth). These signs and symptoms
are not necessarily indicative of OSA, however, identification by dental profession-
als may serve the dental professional in identifying the need for further evaluation
of OSA for the patient [17, 18]. There are several clinical indices, for example, the
Mallampati index, that can be used to determine the risk level of the patient for OSA
[19]. There are also several questionnaires/surveys, for example, the STOP-Bang,
that can also be evaluated by dental professionals to help screen their patients for
OSA [20-22]. OSA can negatively impact a patient’s oral and overall health, therefore
dental professionals serve as an important resource within health care for identifying
patients at risk for OSA and identifying non-adherent CPAP or OAT users.

A patient that exhibits a neck circumference greater than 40 centimeters, mac-
roglossia, Mallampati score of Class 3 or 4, and a deep palatal vault have been shown
to be predictive for a high risk for OSA [23]. When the dental professional identifies
a patient exhibiting one or more of these findings, the dental professional should
discuss the patient’s sleep history and screen the patient with a validated question-
naire and refer the patient for further evaluation/diagnosis if appropriate.

OSA should be seen as a condition that needs to have the signs/symptoms iden-
tified in dental appointments and should be included in a routine oral exam [24].
The inter-professional collaboration between dental and medical professionals to
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promote quality care for patients with potential OSA should also be brought to the
attention of dental/medical professionals in their education. This is in line with the
new oral health definition [20], which brings a holistic view of different domains
of overall health that impact oral health. Driving determinants, one domain of
oral health, are factors that affect oral health: genetic and biological factors, social
environment, physical environment, health behaviors, and access to care. This new
definition and framework are used “to explain the multidimensions of oral health
to our patients, other healthcare professionals, policy makers, and those others

we seek to collaborate with and inform” [20]. Thus, understanding associations
between oral health and OSA and interprofessional collaborations within health-
care is of importance. Increased training on OSA is required for oral health profes-
sionals. This additional knowledge is an important step that would improve patient
communication, education, and treatment in the dental field along with increasing
interprofessional collaboration between the oral health professionals and medical
professionals.

4. Impact of OSA on oral health and outcomes of oral healthcare

OSA is a widely prevalent problem in the general population [25]. Untreated OSA
is associated with long-term health consequences including hypertension, heart
disease, diabetes, depression, metabolic disorders, and stroke. The high risk group
of OSA include patients with ischemic heart disease, heart failure, arrhythmias,
cerebrovascular diseases, and type II diabetes [26]. Untreated OSA has been shown
to be associated with cognitive dysfunction, impaired productivity in the workplace,
and an increased risk of motor vehicle accidents, which could result in increased risk
for injury or death. Impaired vigilance, daytime somnolence, performance deficits,
morning headaches, mood disturbances, neurobehavioral impairments, and general
malaise are reported in individuals with OSA [27]. These long-term health conse-
quences can drastically reduce the quality of life and wellbeing, leading to premature
death. Whether diagnosed or undiagnosed, OSA is a serious threat to the overall
health and longevity in those individuals who are burdened by this widely prevalent
sleep-related breathing disorder [28-32].

Obstructive sleep apnea is characterized by frequent episodes of airflow obstruc-
tion associated with a reduced caliber of the upper airway and is vulnerable to further
narrowing and collapse. Both acute and continued effects of apnea and hypopnea
include oxygen desaturation [33], reduction in intrathoracic pressure, excessive
daytime sleepiness, impaired cognitive function and central nervous system arousals
[27, 34]. Obesity is one of the major predisposing factors [35]. Three types of apneas
have been recognized, obstructive, central and mixed with Obstructive sleep apnea
being the most common [36]. Weight loss can lead to improvement in OSA. Treatments
for OSA are based upon a thorough medical and physical examination and a sleep
study or polysomnography. Medications are not effective in the management of sleep
apnea but could help with reducing the effects of pathogenic mechanisms [22, 36-38].
Table 1 highlights some of the potential risk factors/pathogenic mechanisms for OSA
as outlined by Jordan et al. Addressing individual pathogenic mechanisms may be
alternative treatments even though it is understood that Constant Positive Airway
Pressure (CPAP) is the acceptable treatment for Obstructive Sleep Apnea.

This table is a modification of Figure 3. Risk factors, pathogenic mechanism, and
possible treatments for obstructive sleep apnea as presented by Jordan et al. [37].
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Risk factors Pathogenic mechanism Possible treatment

Nasal Congestion Small Upper Airway Lumen Surfactant

Breathing Surface Forces

Genetic & Ethnic Origin Small Upper Airway Lumen Mandibular Advancement Device

Craniofacial Structure Small Upper Airway Lumen Unknown

Obesity Low Lung Volume Oxygen or Drugs
Respiratory Instability

Sex Small Upper Airway Lumen Mandibular Advancement Device
Low Lung Volume Unknown
Respiratory Instability Oxygen or Drugs

Age Low Lung Volume Unknown
Respiratory Instability Oxygen or Drugs
Poor Airway Muscle Function Hypoglossal Nerve Stimulation
Low Arousal Threshold Sedatives

Table1.

Potential risk factors/pathogenic mechanism for obstructive sleep Apnea & Treatment.

‘ Phrase Question

‘Snore Do you snore loudly?

‘ Tired Do you feel tired during the daytime often?
‘ Observed Has anyone observed you

Pressure (Blood Pressure) Are you being treated or have you been
treated for high blood pressure?

‘ Body Mass Index Is your BM| greater than 357
‘ﬁqe Are you over 50 years of age?
Neck Circumference Is your neck circumference greater than 40
cm?
‘Gender Are you male?
Figure 3.

STOP-bang sleep apnea questionnaire [39].

5. Oral-related conditions associated with OSA

Mouth breathing is a common finding in patients diagnosed with OSA or those
who show signs of OSA but are not diagnosed. Xerostomia is often associated with
mouth breathers and can predispose to caries and periodontal disease through
complete or partial reduction of protective salivary flow to portions of the dentition
during sleep or during the day. OSA and periodontal disease share some of the same
risk factors and it is not uncommon to see a greater periodontal disease prevalence in
patients with OSA [40]. Common risk factors may include obesity, gender, male more
than female, age, smoking and mouth breathing resulting in xerostomia, and alcohol-
ism. Additionally, increased adrenocorticosteroids stemming from stress and fatigue
of inadequate sleep can put a patient at risk for periodontal disease.
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The association between xerostomia and OSA has been poorly investigated.
Nocturnal xerostomia or sleep-related xerostomia causes discomfort or dryness in
the mouth or throat making it difficult to swallow. In a clinical study investigating
xerostomia and hyposalivation in patients with OSA, the authors reported the clinical
implication that OSA patients showed a decreased pH value of oral fluid which may
put patients at risk for the development of dental caries. They further demonstrated
that dry mouth upon awakening is a common symptom with OSA and 22 (73.3%) of
the 30 patients evaluated had dry mouth and the prevalence of sleep-related xero-
stomia is correlated with OSA severity. In the majority of patients, dry mouth was
correlated with mouth breathing and not salivary hypofunction and only 20% of the
patients exhibited objective signs of hyposalivation [41].

The quantity and quality of saliva serve as a protective mechanism for the hard
and soft tissue of the periodontium while allowing optimal physiologic functions of
phonation, mastication and homeostasis. When the quantity and quality of saliva are
affected, the tendency for disease is increased because of loss of the beneficial ele-
ments in saliva and a likelihood for increase in bacterial plaque accumulation on soft
and hard tissue structures leading to inflammation of soft tissues and the potential for
the development of periodontal disease and dental caries. Duplancic and colleagues,
evaluating salivary parameters and periodontal inflammation in OSA patients,
showed that patients with hyposalivation and reduced salivation had higher con-
centrations of salivary electrolytes and lower salivary pH than subjects with normal
salivation and that patients with severe OSA tended to have a higher clinical attach-
ment levels and plaque volume. The authors noted that multiple interactions might
impact salivary flow and electrolyte composition and that complex interrelationships
might affect the integrity of oral health, especially considering OSA severity, inflam-
mation, concomitant diseases and medication [40].

5.1 Temporomandibular joint disease

Individuals suffering from OSA complain of snoring, experienced apnoeas, waking
up with a choking sensation, excessive sleepiness [42], fatigue or exhaustion, morn-
ing headache [43], and even temporomandibular joint pain [44]. A recent systematic
review, linking an association between temporomandibular disorders (TMD) and
their association with sleep disorders in adults, concluded that there is inclusive
evidence between the relationship of TMD and sleep bruxism (SB) and insufficient
evidence regarding the relationship with obstructive sleep apnea (OSA). There is
consistent evidence that supports a link between TMD and sleep quality [45]. Ina
review of over 706 reports on tooth wear and the mentioned dental sleep disorders,
the authors concluded that tooth wear is associated with the dental sleep disorders oro-
facial pain, dry mouth, GERD, and sleep bruxism. As these dental sleep disorders are
interlinked, it is difficult to determine the significant consequences of each individual
disorder and leads more to indirect associations [46].

6. Screening for OSA in the dental office

In this era where interprofessional education and interprofessional collabora-
tion care are embedded in the curriculum and taught in most professional schools
to a certain degree, obstructive sleep apnea (OSA) is often a common topic that
brings professional teams together for the health benefit and wellbeing of the
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patient. Dental and dental hygiene students are learning more about how to incor-
porate assessment tooling to screen for OSA. There is evidence that the dental team
spends more time with their patients than their medical counterparts. According
to the ADA Health Policy Resources Center, in any given year 27 million Americans
visit a dentist but do not see a physician. Another 108 million visit a physician but
do not see a dentist, including more than 60 percent of children aged 1 through

4 years. Increased interprofessional collaboration between dentists and medical
professionals will help to raise the awareness of providers and their patients to oral
and overall health [47].

Dentists and dental hygienists are exceptionally educated to counsel patients on
oral health and wellness topics. Dentists and dental hygienists’ in-depth knowledge
of the anatomy of the head and neck, in particular the oral cavity and oropha-
ryngeal area makes them well suited to assisting the medical team in identifying
high risk patients [48] and referring them for definitive diagnosis and treatment.
Berggren et al. reported that dental professionals, including dentists and hygien-
ists, in general dentistry experience with OSA varies widely which leads to oral and
overall health problems (such as OSA) not being recognized regularly. This lack
of experience can be attributed to lack of knowledge about OSA and of validated
indices/questionnaires that can be used to determine OSA risk or detect patients at
risk of OSA [49].

It is important to train oral health professionals about OSA as an oral health
determinant and which may promote interprofessional collaboration between dental
and medical professionals. Practicing dental hygienist and dentists can play even a
greater role in screening by the incorporation of screening questions as part of their
routine medical history, identifying potential risk factors (retrognathia, high arched
palate, enlarged tonsils or tongue, enlarged tori, high Mallampati score, poor sleep,
supine sleep position, obesity, hypertension, morning headache or orofacial pain,
bruxism) and collaborating with the medical team in making referrals [50]. The
earlier undiagnosed cases are referred to the medical team from screening the dental
office, the sooner cases can be diagnosed and treated which may reduce the morbidity
and possible mortality of patients, especially those with severe OSA [51]. The dentist
and dental team should be proactive in screening patients for OSA and making timely
referrals for diagnosis and treatment.

The Table 2 outlines some surgical considerations to manage snoring and OSA or
both. Surgical interventions are not always effective and predictable in the manage-
ment of OSA and/snoring, but there are notable advantages to surgery which may
widen airway spaces allowing better flow of oxygen and breathing [36, 60].

CPAP is the gold standard for treatment of OSA [61], and other treatment options
can be considered for treating mild to moderate OSA cases such as oral appliances
[51]. The dental team is suited to play a role in the treatment and management of
OSA when oral appliances are recommended by the sleep physician. Referrals can be
reciprocated back to the dental team from the medical team for those patients who are
diagnosed but cannot tolerate continuous positive airway pressure (CPAP) therapy
and could benefit from oral appliance, including tongue positioning and mandibular
advancing devices. OSA is the most common sleep disorder [25] and with increasing
awareness and diagnosis, healthcare providers can work with dentists [60], given
their knowledge of the structures and function of the oral cavity, to provide a cus-
tomized treatment plan that is cost effective, elicits compliance and improves sleep
quality, culminating in a better quality of life.
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Tonsillectomy [52] Recommended for enlarged tonsils, reducing obstruction to breathing

Genioglossus Tongue Creates a wider space at the posterior base of the tongue for improved

Advancement [52] breathing

Uvulopalatopharyngoplasty Effective in snoring reduction but not a predictive therapy for OSA

[53, 54]

Laser-assisted More applicable for snoring reduction and not a predictive therapy for OSA

Uvulopalatoplasty [55]

Maxillomandibular A more aggressive treatment consideration when other treatment procedures

Advancement [56, 57] are not effective in controlling OSA

Radio frequency or A treatment consideration which shrinks internal tissue leaving external

Somnoplasty [58] tissues intact and requires multiple treatment sessions. Effective against
snoring and OSA

Hyoid Suspension [52, 56] Leads to a wider airway and is effective an effective treatment for OSA

Tracheostomy [52, 59] 0Old treatment method which is considered when OSA is severe, CPAP is ruled
out and cardio-pulmonary failure has developed

Bilateral Mandibular Prevents posterior displacement of tongue

Torectomy

Table 2.

Obstructive sleep apnea and its surgical management [36].

What Your Dentist
Looks For In Diagnosing
Sleep Apnea

Tonsils

of of above your
CAUSES AT 0
hy {2l hack |
) throat area diring sleeo

Figure 4.
Intraoval signs of obstructive sleep apnea [62].

Oral appliances, mainly the mandibular advancement devices which move the
mandible forward and open the airway during sleep are used to treat mild to moder-
ate OSA, can be beneficial for patients who do not tolerate CPAP, patients who are
at high risk for surgery and patients who decline surgery as a treatment option.
Treatment approach for oral appliances is simple, noninvasive, cost effective and
reversible. Observed oral changes associated with oral appliances in the management
of OSA include tooth mobility and repositioning, temporomandibular joint pain,
tenderness of teeth, sore oral soft tissues and muscle pain (Figure 4).
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7. Oral appliance therapy
7.1 Goals and mechanism of action of oral appliance therapy

Oral appliance therapy is an effective therapy for the treatment of obstructive
sleep apnea. The goal of therapeutic interventions for OSA varies in literature but has
a common factor in the decrease in the apnea-hypopnea index (AHI) [63]. The AHI
is defined as the average number of apneas/hypopneas that occur per hour of sleep
[64]. Mild OSA exhibits an AHI of 5-15, moderate OSA exhibits an AHI of 15-30,
and severe OSA is classified as an AHI > 30 [64]. Generally, successful OSA treatment
is recognized as an AHI <5, a 50% reduction in AHI, to a combination of a decrease
in the AHI from baseline and final AHI [63]. Approximately two-thirds of patients
treated with OAT will achieve a decrease in AHI greater than 50%, with at least one-
third of these patients showing a complete response (AHI < 5) [10].

Oral appliances help treat OSA in three ways: maintaining the mandible in a more
closed position, maintaining the mandible in a more anterior position (protrusion),
and anterior movement of the tongue [63, 65, 66].

Protrusion of the mandible is the primary mechanism of action in oral appliances
fabricated for the treatment of OSA [63]. The protrusion of the mandible leads to an
increase in the space of the airway, created by a widening of the airway laterally in the
velopharynx (posterior surface of the hard palate to the posterior wall of the phar-
ynx) [63]. The advancement of the mandible and the protrusion of the tongue lead to
an improvement, or decrease, in the collapsibility of the airway [66, 67], likely due to
the airway enlargement [63]. This reduction in collapsibility of the airway decreases
the number of episodes of complete or partial collapse of the airway, thereby improv-
ing the AHI of the patient [68]. Patients with mild OSA generally respond better to
oral appliance therapy, as their airways are less collapsible and they tend to show a
greater increase in the size of their pharynx with OAT [69]. It is not entirely clear
why the protrusion of the mandible and tongue leads to stretching of the soft tissue
connections between the mandible, tongue, lateral pharyngeal walls, and soft palate,
which leads to an overall enlargement of the velopharynx as shown in Figure 5 [70].

Without MAS With MAS

Arway volume 12.8 am® Arway volume 14.7 an®

Figure 5.
Enlargement of the Velopharynx with mandibular advancement [70].

60



Perspective Chapter: Role of the Oral Healthcare Team in the Management of Obstructive Sleep...
DOI: http://dx.doi.org/10.5772/intechopen.1003856

Maintaining the mandible in a more closed position allows for a reduction in the
collapsibility of the airway [71]. Mouth breathing not only leads to an increase in
airway collapsibility, it compromises the adherence of patients to OAT as compared
to patients that breathe through their nose [72]. This leads to a decrease in overall
efficacy of the treatment as the patients are not only wearing the appliances less but
the appliances are less effective when they are worn.

7.2 Classifications of oral appliances

Oral appliances fabricated for the treatment of OSA are classified into two cat-
egories: mandibular advancement splits (MAS) or mandibular advancement devices
(MAD) and tongue retaining devices (TRD) [63, 73]. MAS devices act by advancing
the mandible forward, therefore reducing the collapsibility of the airway and increas-
ing the size of the airway [73]. Tongue retaining devices work by suctioning the
tongue in an anterior position [63, 73]. Since TRD’s have limited evidence showing
their efficacy in the treatment of OSA [74], clinical guidelines relate to mandibular
advancement devices (Figures 6 and 7) [63, 77].

A

Figure 6.
Titratable tongue retaining device [75].

Obstructive sleep apnea MRD moves jaw forward
Air

Narrowed
airway

Figure 7.
Mandibular advancement device [76].
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Figure 8.
Example schematics of mandibular advancement devices [78].

There are a wide variety of MADs, ranging from custom-made to prefabricated
[78]. Prefabricated MADs are made from thermoplastic material and are generally a
lower cost alternative, as they are not custom fitted using bite registrations or plaster
casts [78]. Custom-made appliances are fabricated using casts and a bite registration
made by the oral healthcare team [78]. Evidence suggests that custom-made MADs
are more efficacious in reducing OSA severity than the prefabricated MADs [79]. Due
to the reduced efficacy of thermoplastic prefabricated MADs, these devices should
not be used as a screening tool for the success of treatment OSA using OAT [79].
MADs vary from “monobloc,” where the upper and lower devices are attached, to
“duobloc,” where the upper and lower devices are separated. The benefit of the newer
duobloc designs is that they allow for titration of the advancement of the mandible
and lead to less discomfort of the TMJ [78]. There are several types of duobloc designs
summarized below in Figure 8 that allow for titration in a variety of ways [78].

7.3 Titration of oral appliances

The amount of protrusion of the mandible is a key factor in the efficacy of MAD
therapy [80]. However, more protrusion does not necessarily mean a better result
for the patient [80]. Since the optimal protrusion of the mandible depends on the
individual patient, the device must be titrated to determine the greatest efficacy
versus tolerability [80]. It has been suggested by literature that titration of the patient
in the range of 50-75% of the patient’s MMP is the most efficacious, with evidence
supporting no clinical difference between 50 and 75% MMP [81]. An increase in the
protrusion can lead to heavier forces applied to the oral/maxillofacial system and lead
to more side effects, including TMD and dental changes [81]. Therefore, a titration
target of 50% of MMP is most beneficial in the decrease in airway collapsibility,
increase in airway space, and limitation of potential side effects [81].

Evaluating the titration can be accomplished using a variety of methods. The patient
should return to the dentist within 30 days to evaluate the calibration of the device The
device can be titrated using a standardized stepwise protocol, advancing the protru-
sion if subjective criteria (such as daytime sleepiness or perceived reduction in apneic
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events) do not show signs of improvement and a reduction of the protrusion if there are
side effects reported by the patient [82]. Evaluation of the device can also be completed
using an at home monitoring device, such as a high-resolution pulse oximeter or home
sleep apnea test (HSAT) [83]. The results of these objective tests can be sent to the
patient’s physician, who can then discuss the titration of the device with the oral health-
care team. The HSAT must be evaluated by the patient’s physician [82]. Once the dentist
has determined that the patient has achieved final calibration, the patient is referred
back to the treating physician for evaluation of the success of the OAT [83].

7.4 Side effects/potential complications of oral appliance therapy

It is important that the dentist/oral healthcare team discuss fully with the patient
the potential for complications and the importance of routine follow-ups to evaluate
for both efficacy and possible side effects. During the initial stages of OAT, patients
may report soreness or tenderness of the TMJ, teeth, and gums, along with either
excessive salivation or dryness of the mouth [84]. These side effects are typically tran-
sient and can be related to the strain in the musculature of the due to protrusion or
an increase in vertical dimension while the patient is wearing the appliance [84]. The
first line treatment for soreness of the TM]J or muscles of mastication, joint sounds,
excess salivation, and dry mouth associated with the appliance is watchful waiting
[85]. During this time, the dentist will carefully observe and document the patient’s
symptoms and discuss follow-up, depending on the persistence of the side effect [85].
Fortunately, long-term discomfort or impact that is detrimental to the TMJ do not
seem to be long-term side effects [84]. Pain tends to decrease after 1-2 years, likely
due to the adaptability of the temporomandibular complex [84].

A key part of the OAT would be the fabrication of a morning occlusal guide, also
known as an AM aligner [85]. These guides function by engaging the patient’s biting
force to help maintain the patient’s normal occlusal relationship in the morning fol-
lowing the use of the OAT at night [85]. These guides may also help in the stretching of
the muscles of mastication [85]. This morning occlusal guide is fabricated by the oral
healthcare team/dental laboratory and is made in the patient’s normal occlusion [85].
If the patient notices that he/she is unable to maintain the proper occlusion following
wear of the oral appliance, the patient should immediately follow up with his/her oral
healthcare provider to prevent permanent changes to the dentition or joint [85].

If the patient is experiencing soft-tissue irritation, gagging, or appliance breakage,
modification of the appliance is necessary [85]. Passive jaw stretching exercises and
palliative care with the use of intermittent application of ice, a soft diet, and use of
anti-inflammatory medication are the first line therapy for tenderness in the muscles
of mastication or persistent TMJ pain throughout the day [85]. Changes to the denti-
tion, decreased overbite/overjet, and tooth mobility all require thorough evaluation
by the dentist. In these cases, decreasing the titration of the appliance, changing the
design of the appliance, or ceasing oral appliance therapy may be required [85]. To
help avoid these changes, it is important for the patient to routinely use the morning
occlusal guide.

Skeletal changes caused by the downward rotation of the mandible and an increase
in the lower facial height are common with mandibular advancement OAT [84]. There
is also a tendency for the development of a bilateral crossbite in the posterior dentition
after long-term oral appliance therapy use [84]. Using a stepwise approach to the titra-
tion and calibration of the oral appliance helps lower the risk of mandibular advance-
ment beyond the optimal position and therefore lessens the side effects experienced by
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¢ Transient morning jaw pain

* Persistent temporomandibular joint pain

¢ Tenderness in muscles of mastication

¢ Joint sounds

¢ Intraoral tissue-related side effects

* Soft tissue and tongue irritation

* Gingival irritation

* Excessive salivation/drooling

* Dry mouth

¢ Occlusal changes

« Altered occlusal contacts/bite changes

* Incisor changes

* Decreased overjet and overbite

« Alterations in position of mandibular canines and molars

« Interproximal gaps

* Damage to teeth or restorations

* Tooth mobility

« Tooth fractures or damage to dental restorations

* Appliance issues

* Appliance breakage

« Allergies to appliance material

* Gagging

* Anxiety

Table 3.
Oral appliance therapy related side effects [85].

the patient [84]. Due to the potential side effects and changes, it is important that the
patient seek routine follow-up with the oral healthcare provider to prevent long-term
changes that are detrimental to the patient’s health or function [85]. In some cases, it is
prudent to cease OAT and consult with the patient’s physician (Table 3) [85].

7.5 Benefits of oral appliance therapy

Although there are potential complications with OAT, there are also numerous
benefits that make OAT an appropriate first line therapy for patients with mild to
moderate OSA or who are not able to tolerate PAP therapy in severe OSA. OAT and
PAP have equivalent health outcomes [63]. This is due to the fact that PAP therapy is
highly efficacious but has moderate usage/compliance, while OAT therapy is moder-
ately efficacious with higher usage [63, 86]. Although PAP has a higher efficacy, it has
a lower rate of compliance when compared to OAT and therefore has a similar effec-
tiveness [86]. Furthermore, studies show patient preference toward OAT over PAP
[86]. OAT has shown to be either equal or superior to PAP therapy when evaluating
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quality of life and subjective sleepiness scores [86]. Along with better patient compli-
ance, OAT also shows an improvement over PAP in social factors such as perceptions
of the partner, which would lead to further success of the OAT through better adher-
ence [87]. Although PAP has been shown to be a highly efficacious treatment for OSA,
OAT should also be considered for patients due to the improvements over PAP in
adherence to OAT.

7.6 Combination therapy

Oral appliance therapy can be used in conjunction with other treatment modali-
ties to improve adherence and patient outcomes. Using oral appliance therapy in
conjunction with PAP can reduce the PAP pressure requirement [63, 88]. When used
in combination, PAP and OAT together have been shown to decrease both AHI and
oxygen desaturation of the patient [88]. Furthermore, patients undergoing combi-
nation PAP and OAT had lowered therapeutic pressures, which helps with patient
compliance in patients who are PAP intolerant [88]. OAT has also been shown to be
beneficial and an increase in efficacy when used in combination with uvulopalato-
pharyngoplasty (UPPP) vs. UPPP alone [89]. Along with the benefits of combining
OAT with other treatments, combination therapy can allow for patients to use
the treatments interchangeably depending on the patient’s preference [63]. For
example, when a patient is traveling, the patient can use the oral appliance as a short
term treatment [90]. Oral appliance therapy can be used to help improve outcomes
when paired with other therapies or can provide a short term therapy for patients
when compliance is difficult.

8. Professional organizations

With the increase in the use of oral appliance therapy, there has been development
in the number and specificity of organizations focused on the treatment of obstruc-
tive sleep apnea with oral appliance therapies. In the United States, the American
Academy of Dental Sleep Medicine (AADSM) was founded in 1991 as the Sleep
Disorders Dental Society and is the only non-profit national professional society
dedicated solely to the practice of dental sleep medicine [91]. In 2004, the American
Board of Dental Sleep Medicine was established. To support the training of qualified
dentists, the AADSM has Mastery Programs that certify a dentist as a “Qualified
Dentist” to practice dental sleep medicine. The AADSM has worked with the
American Academy of Sleep Medicine (AASM) to establish guidelines for interdis-
ciplinary treatment of OSA between physicians and dentists [92]. Furthermore, the
American Dental Association has released an evidence brief [93] for the use of oral
appliances for sleep-related breathing disorders and a policy statement in 2019 outlin-
ing the Role of Dentistry in Sleep Related Breathing Disorders [94]. In this policy
statement, dentists are encouraged to screen for SRBDs and establishes that OAT is
an appropriate treatment for patients with mild and moderate OSA or for severe OSA
when CPAP is not tolerated by the patient [94]. In Europe, the European Academy
of Dental Sleep Medicine promotes best practices to support the dental treatment of
sleep related breathing disorders [95]. The growth of dental sleep medicine has been
supported by the development of numerous organizations to help promote and guide
the interdisciplinary treatment of OSA between dentists and physicians.
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9. Conclusion

OSA is a common sleep-related breathing disorder which predisposes to life-
threatening disease and can affect the quality and well-being of life. Early screening
is an effective approach which could lead to referral, diagnosis and treatment. The
dental team can play a vital role in this process by incorporating an in-office screening
program and making referrals to the medical team. Reciprocating referrals from the
medical team for fabrication of oral appliances is another way the dental team can help
to improve the quality of life and well-being of patients who are diagnosed with OSA.
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Chapter 5

The Role of Midline Glossectomy
with Coblation in Obstructive Sleep
Apnea

Gabriel Santos De Freitas

Abstract

The aim of this study is to determine the effectiveness of COBLATION midline
glossectomy for obstructive sleep apnea (OSA) when used as an isolated or with palatal
procedure. We also aim to compare the effect of this surgical procedure. The combina-
tion of palatal procedures and tongue-based surgery in a single stage led to improvement
in excessive daytime sleepiness, snoring, respiratory parameters of polysomnography
(PSG), an overall improvement in quality of life, we can show how de tongue base
procedures with COBLATION can give better results to all sleep apnea surgeries.
Currently, there is a wide variety of surgical approaches to tongue-base modification in
OSA patients, including radiofrequency ablation, COBLATION or laser assisted resec-
tion, tongue base suspension, genioglossus advancement, and robot-assisted resection.
COBLATION midline glossectomy is an effective surgical procedure.

Keywords: coblation, midline glossectomy, OSA, tongue base surgery, snore

1. Introduction

Obstructive sleep apnea (OSA), is a disease that leads to recurrent episodes of
upper airway obstruction, which can lead to partial or complete obstruction of the
upper airway, it is a chronic and progressive condition [1]. OSA causes excessive
daytime sleepiness, and brings many adverse consequences, such as hypertension,
obesity, diabetes mellitus, cardiac and encephalic alterations, depression e anxiety,
irritability, diminuigao da libido is a public health problem and studies show that
today it affects approximately 30% of the world’s population [2].

Continuous positive airway pressure (CPAP) devices are traditionally used as the
standard treatment for OSA; however, patient compliance with the treatment is low,
and non-compliant patients are commonly considered candidates for surgical treat-
ment [3, 4]. Usually the levels of obstruction are usually different from one patient
to the next; Therefore, the appropriate surgical procedure should be evaluated for
each case, in this the topographic diagnosis is fundamental for surgical success. The
surgery will only be successful if the diagnosis and the sites of obstruction have been
well established, only then we can compare the success of each surgical technique and
choose the one that best suits the patient, according to the particularity of each patient.
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There are numerous, procedures directed to specific sites of the airway and widely
disseminated to treat obstructive sleep apnea (OSA), one of them and what we cover
extensively in this chapter is the glossectomy of the midline, a procedure that acts
directly by amplifying the hypopharyngeal airspace, Fujita in 1991, described the
tongue base procedure using the carbon dioxide laser and stars a new era in tongue
base surgery access [5].

As previously stated, several surgeries aim to tackle different sites of upper airway
obstruction, each with its particularity and always taking into account the treatment
of obstructive sleep apnea. We can consider that the palate and the base of the tongue
are the most common targets of OSAS surgery, and the resection of the base of the
tongue with COBLATION has been proposed and has become the target of numerous
studies due to the great efficacy that has been presented; The positive results and the
low level of complications speak in favor of this type of approach. Given this idea,
we observed that the approach of several surgical sites in the same step and surgical
moment is the golden surgery for the treatment of sleep apnea.

The tongue base surgery with COBLATION, can be associated with any procedure
related to the treatment of OSA, the maxillomandibular advancement for example,
can have immense benefit when we use the association of COBLATION, since we can
perform a smaller advance, reducing craniofacial changes, postoperative morbidities,
dysfunctions of the temporo-mandibular joint and reducing the index of sleep apnea
and hypopnea drastically, with improvement in the patient’s quality of life.

2. COBLATION what is that?

COBLATION means ‘Controlled Ablation. COBLATION Technology uses a plasma
field to precisely dissolve targeted tissue while maintaining the integrity of surround-
ing tissue. Unlike radiofrequency-based devices that use high temperatures to cut
and cauterize, COBLATION Technology uses lower temperatures causing minimal
damage to surrounding tissue [6].

A range of COBLATION Wands are designed for both tonsil and adenoid proce-
dures, with integrated saline delivery and suction, and malleable shafts. In our pro-
cedures we use the tip PROCISE MAX, designed for surgeons who prefer rapid tissue
removal in his procedures with low thermal effect and easily during hemostasis, since
the device itself allows us to use the ablation and coagulation function, the system is
integrated with suction and with distillation of saline solution, that reduces thermal
effect and assists suction, is an all-in-one instrument designed to help decrease surgi-
cal time and avoid some complications.

3. Access to the tongue base

In fact, there is a wide variety of surgical approaches for partial reduction of the
base of the tongue for patients with sleep apnea, including radiofrequency abla-
tion, COBLATION or laser assisted resection, tongue base suspension, genioglossus
advancement, and transoral robotic surgery (TORS) [7]. We have not yet found
the ideal treatment technique, even with the evidence of high success rates, on the
other hand, there are studies that show high variability of these rates, which makes it
even more difficult to adhere to the ideal technique for this complex and challenging
disease. We always provide surgery in associated with palatal techniques because we
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believe that in this way in addition to reducing the rate of sleep apnea and hypopnea
above the expected, we will also have the reduction of snoring.

We began the procedure by performing dexmedetomidine induced sonoen-
doscopy, where we evaluate airway collapse at different levels improving surgical
accuracy and definition, drug induced sleep endoscopy (DISE), usually takes 15 min
[8] reaching only N2 sleep. However, it is during this phase that most events occur, we
believe that this short period of time can already show us a large part of what hap-
pens during the patient’s night, in the ideal world we should spend the night next to
this patient and perform the nasofibroscopy during natural sleep. Therefore, DISE,
despite not providing all obstructive events that occur in the patient, is an extremely
effective tool, easy to apply and which often leads us to realize that we have missed
some point of obstruction during the assessment in the office, where we perform the
muller maneuver, which today we know how limited it is. After careful visualization
of the obstructive surgical sites, we performed traction of the tongue and suture it in
the surgical field, to improve exposure of the base of the tongue.

A 30° optics is used to assist in the visualization of the base of the tongue, we use
the COBLATION in ablation mode, where there is a rapid tissue removal while main-
taining the hemostatic and minimal thermal effect benefits (Figure 1A and B), so
without deepening the ablation by the risk of injury of noble structures of the base of
the tongue such as the lingual artery, the ideal would be to evaluate the distance from
the surface of the tongue to the hypoglossal/lingual artery neurovascular bundle to
constant surface landmarks in the base of tongue during surgically simulated retrac-
tion versus resting anatomic position (Figure 2), so that we can with tranquility carry
out the dissection of this tissue without produce injurys [9, 10].

Soon after the end of the ablation we perform the coagulation of bleeding points
of the base of the tongue with the COBLATION itself, which has this option during
the procedure, the coagulations should be punctual and should not extend to the lat-
eral redundant tissue of the base of the tongue, we also know that there is no correct
amount of lingual tissue to be removed, This depends on the previous characteristics
evaluated preoperatively and in sonoendoscopy, which show how bulky this tongue
base is and how much it occupies the anteroposterior airspace.

A B

Figure 1.

A. Note the work of coblation wands, at the base of the tongue, always in the midline, B. then already during
the partial ablation of the base of the tongue we see much of the tongue tissue removed showing an expressive
reduction of the base of the tongue.
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Figure 2.

Sugiml views of computed tomography scan of a patient with obstructive sleep apnea syndrome the lingual artery
in the resting position (a) and during the extension position of the way we perform the surgical procedure (b).
The length of the white line indicates the depths of the lingual artery beneath the lingual surface based on three
reference marks.

After the procedure of the base of the tongue is finished, we continue the multi-
level surgery, using palatal techniques and nasal surgeries in most cases, and at the
end of the whole procedure we performed the review of coagulation and intraopera-
tive edema that can be caused, usually insignificant in our point of view, patients are
extubated and taken to the recovery room without the need for intensive care, but
with hospitalization of at least 1 day for evaluation of ventilatory parameters and
prevention of possible bleeding.

4. Complications

Postoperative pain and submandibular edema were 2 most common postoperative
complications which can be easily controlled by antibiotics, [11] the most common
intraoperative complication is bleeding, already during the postoperative period we
have hematoma, edema, abscess, taste changes, reduced mobility of the base of the
tongue, temporary dysphagia, changes during swallowing, paresthesia, usually all
reversible after a few months of the procedure and with easy management in the
office, This patient should be followed for at least 1 year with careful evaluations and
nasofibrolaryngoscopy.

The most feared complication of surgery is velopharyngeal stenosis, which occurs
due to excessive removal of the base of the tongue outside the midline when associ-
ated with palatal surgeries, a complication that leads to reduced quality of life of the
patient as well as respiratory disorders (Figure 3).

Just to know, this patient was treated with a new surgery of expansion and lateral-
ization of the palate with important improvement, but with maintenance of fibrotic
tissue, in the future probably should be submitted to new palatal expansion, and
application of local anti-inflammatory medication.

5. Role of the base of the tongue in sleep apnea

Glossectomy significantly improves sleep outcomes as part of multilevel surgery
in adult patients with OSA [12]. The studies have already shown the surgical efficacy
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Figure 3.

Patient in 4 months after surgery of lateral expansion pharyngoplasty, midline glossectomy with COBLATION,
turbinectomy and septoplasty, we see fibrous scar tissue stenosing the airway and maintaining small vespiratory
pertuito through the ovopharynx.

both alone and in multilevel surgeries, when there is a careful selection of patients
and a good indication the surgery has an important response in the treatment of sleep
apnea.

In our sample of 28 operated patients, all in surgeries combined with midline
glossectomy with COBLATION, expansive lateral pharyngoplasty, septoplasty
and turbinectomy, we verified a significant improvement in the evaluation of the
epworth sleep scale from 13 + 9.4 preoperatively to 3.1 + 2.4 postoperatively, the visual
score analogue mean score of preoperative snoring ranged from 7.8 + 4.1t03.1 £+ 1.5
postoperatively.

And when we talk about the sleep apnea and hypopnea index (AHI), we show a
significant reduction from 26.3 + 28.2 to 10.4 + 16.2 in the postoperative period.

The technique of partial glossectomy for the treatment of OSA has been described
for some time, today we can present numerous techniques with varying degrees of
efficacy, all these procedures are based on the attempt to partially remove the base of
the tongue or its redundant tissue. Sleep surgeries that fit this criterion include mid-
line glossectomy (MLG), submucosal minimally invasive lingual excision (SMILE),
and lingualplasty (LP). Fujita was the first to describe removal of tongue tissue for
OSA with the MLG [5].

We believe that tongue-based surgery, isolated is effective, brings benefit of sleep
apnea, but we know that for us to have a better reduction of AHI, the surgery com-
bines multilevel is certainly more effective.

A recent review about the new treatments for OSA, they try to affirm that midline
glossectomy is not a good option and cases of moderate sleep apnea, especially in

79



Obstructive Sleep Apnea — New Insights in the 215t Century

obese people, obviously believe that when there is a body mass index above 40 kg/m2,
no surgical alternative is coherent, and the first step should be weight loss [13]. The
evidence we present does not disagree with this statement, but when there is a correct
surgical indication seen the patient as a whole, as well as the topographic evaluation
evidencing that the base of the tongue is the problem in question, glossectomy alone
can become a strong ally and can be effective in the treatment of OSA.

6. What we can expect from tongue-base surgeries

Surgeries that access the base of the tongue have evolved significantly in recent
years, with the advent of robotic surgery transoral robotic surgery (TORS), and hypo-
glossal nerve stimulator.

Vicini et al. demonstrated, the condition presented in the hypertrophy of the
base of the tongue, is a difficult management, the surgery to remove the accentu-
ated hypertrophy of the base of the tongue, is a challenge for both the patient and
the surgeon, so the studies are increasingly in search of the perfect surgery for this
structure [14].

The robotic setup, which permits multiplanar tissue transection at any angle,
enhances the surgeon’ dissecting skills in such a complex anatomical region, and, as
opposed to traditional open approaches, tongue base resection by means of TORS
seems to be very well tolerated.

On the other hand, and talking about another type of surgery, one of the most
recent treatments for OSA and that has shown efficacy is the hypoglossal nerve
stimulator, is a device that generates electrical impulses through a generator that is
implanted in the upper right chest (under the skin). The electrical impulse is trans-
mitted directly to the hypoglossal nerve. Today we have in the market three devices
being tested in clinical trials, with publications in the most important otorhinolar-
yngology journals in the world. The Apnex Medical Inc. (St. Paul, MN, USA) device
was promising in a phase II trial but failed at phase III because it did not meet efficacy
standards and the company does not exist now (Figure 4). The second device is the
ImThera aura 6000 (San Diego, CA, USA). It places six electrodes around the trunk of
the hypoglossal nerve. It is still in phase III clinical trial (Figure 5). The third device,
which is the only one approved by the FDA, is Inspire Medical Systems (Maple Grove,
MN, USA) (Figure 6). Since it is the only one approved by the FDA, so we believe that
future medical literature papers about hypoglossal neurostimulators will be based
directly on Inspire medical Systems [15].

7. Final considerations

Snoring is extremely common in the general population and when irregular may
indicate a predisposing to sleep apnea [16].

The combination of palatal procedures with tongue-based surgery in a single
stage, lead to improvement of excessive daytime sleepiness, snoring, respiratory
parameters of polysomnography, an overall improvement in quality of life. The results
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Figure 4.
Apnex Medical Inc. (St. Paul, MIN, USA).

Figures.
ImThera aura6ooo (San Diego, CA, USA).

81



Obstructive Sleep Apnea — New Insights in the 215t Century

Figure 6.
The Inspire system (Maple Grove, MN, USA).

presented in the literature favor the application of the combined procedure, even
knowing that the tongue base treated alone is effective, thus contributing as another
therapeutic option in obstructive sleep apnea.

It is important to emphasize that the more we study the neurophysiology of the
complex syndrome of obstructive sleep apnea, the more we come across studies indi-
cating the basis of the tongue as a problem and the surgery of the same as a resolution
even if temporary of the disorders related to sleep apnea, I believe that the evolution
within the tongue-based surgeries as well as the understanding of the functionality
of the same within this wonderful world that is the knowledge of the syndrome itself
brings us easier and easier paths with less morbidity and with increasingly satisfac-
tory results.

During these years of experience and in my view the surgery performed with
the COBLATION has easy applicability and extremely favorable results compared
to other types of accesses to the base of the tongue. Evolution is imminent and we
will work so that the future shows us more and more conditions to cure this complex
disease that is obstructive sleep apnea.
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Chapter 6

Changes in the Level of Anxiety
and Depression in the Couples of
Patients with Obstructive Sleep

Apnea after One Year of CPAP
Therapy

Isabel Portela Ferreiio

Abstract

Sleeping next to someone with sleep apnea can have a significant impact on
the quality of sleep and the health of both partners. The objective was to assess the
emotional changes in the partners of patients with OSA. It is a comparative longitudi-
nal study of 102 pairs of patients with a possible OSA diagnosis from January 2018 to
October 2019. Female couples 85.7%. The mean age was 48.60 + 8.99 for the couples.
Emotional variables were analyzed through the HAD questionnaire (depression and
anxiety), and we also included a Likert scale of the impact of OSA in couples created
by the research team. The quality of life was evaluated with the SF-36 questionnaire.
For the statistical processing and analysis of the data, the spss program was used. The
conclusion was that couples after one year of CPAP treatment improvement in their
mood. The results obtained suggest that treating the patient improves the quality of
sleep for both.

Keywords: OSA, bed couple, quality of life, anxiety, depression, sleep quality, CPAP
treatment, sleep deprivation

1. Introduction

Obstructive sleep apnea (OSA) is a major public health problem that, in its most
serious forms, affects 3-6% of men and 2-5% of women [1, 2]. It causes arterial
hypertension, increased risk of cardiovascular diseases, and deterioration of the
quality of life of those who suffer from it and of those who live with the affected
person [3, 4].

This pathology is characterized by the appearance of recurrent episodes of
limitation of the passage of air during sleep, followed by awakening from subclinical
sleep to return to normal breathing, leading to fragmented and poor-quality sleep,
excessive daytime sleepiness, observed breathing interruptions, or awakenings due
to gasping or choking in the presence of at least five obstructive respiratory events
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(apneas, hypopneas, or arousals related to respiratory effort) per hour of sleep. The
presence of 15 or more obstructive respiratory events per hour of sleep in the absence
of sleep-related symptoms is also sufficient for the diagnosis of OSA due to the greater
association of this severity of obstruction with important consequences, such as
increased risk of cardiovascular disease [5-7].

Daytime sleepiness is the most common manifestation of OSA. However, other
common daytime effects include irritability, decreased concentration, memory
impairment, decreased energy, and depressive symptoms [8]. Nocturnal symptoms
include restlessness, diaphoresis, awakening with a sensation of suffocation or
dyspnea, esophageal reflux, heartburn, laryngospasm, frequent nycturia, dry mouth,
etc. Many studies have indicated an association between sleep apnea and cardiovas-
cular/cerebrovascular disease-related morbidity and mortality. It has been associated
with hypertension, coronary artery disease, congestive heart failure, arrhythmias,
and stroke [9-13]. It has also been associated with increased mortality, with the most
catastrophic result of daytime sleepiness being falling asleep behind the wheel and
causing fatal car accidents [14].

The symptoms reported by the patient at night during their sleeping hours are
normally witnessed by the partner as snoring, apnea, micro-arousals, and nycturia
[15, 16]. Thus, breaking not only his own circadian rhythm but also that of his
companion. Specifically, snoring, present in 35-45% of men and close to a quarter
of women, often motivates the couple themselves to request a medical visit for the
patient.

Recently, studies have confirmed that the impact of OSA on patients’ perceived
quality of life (HRQoL) is widespread, affecting physical health outcomes (nega-
tive health perceptions, increased bodily pain, and poor physical functioning) and
psychosocial functioning (e.g., mood disturbance, poor academic performance) [17].
Indeed, there are many domains of life that remain unexplored in the sleep labora-
tory. For such cases, Lacasse et al., have defined four key domains of HRQoL: somatic
sensation, physical function, emotional state, and social interaction [18]. Since
physiological measures alone cannot be taken as surrogate markers of HRQoL, this
emphasizes the need to measure it directly [19].

The diagnosis of this disease is made by polysomnography (PSG), which includes
neurophysiological and cardiorespiratory variables or, failing that, given its high
cost, respiratory polygraphy (RP) to identify respiratory events through O2 satura-
tion, nasobuccal flow, and respiratory effort in order to classify the severity of the
disease [20, 21].

General measures to curb OSA include weight loss and reeducation of body
position. Several studies have shown that initial weight loss decreases the number of
apneas-hypopneas and can even make the symptoms disappear by reducing lung vol-
ume [22, 23]. A total of 50% of patients have longer and more frequent apneas when
sleeping in the supine position; these decrease the collapsibility of the nasopharynx
and improve significantly in lateral decubitus [24].

Continuous positive pressure (CPAP) is the first line of treatment, that is, the
gold standard, indicated mainly in patients with moderate to severe OSA. It consists
of a turbine that transmits a predetermined pressure through a nasal or facial mask
adapted to the subject’s face and fixed with a harness, thus closing the circuit. In this
way, an authentic “pneumatic splint” is produced that transmits positive pressure
to the entire upper airway (UPA) and prevents its collapse, both static (apneas) and
dynamic (hypopneas) during sleep. The adjustment of the CPAP level must be indi-
vidualized in each patient through a PSG or through a validated auto-CPAP system
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[25, 26]. This treatment can reduce respiratory disorders and daytime sleepiness and
improve quality of life [27]; it also reduces the risk of traffic accidents [28] and seems
to normalize blood pressure (BP) figures in a relevant percentage of hypertensive
subjects with OSA.

Among the effects of sleeping next to someone who suffers from OSA, the follow-
ing three stand out:

Sleep disturbances: The snoring and breathing pauses associated with sleep apnea
can disturb a partner’s sleep, leading to difficulty falling asleep and staying asleep.

Emotional exhaustion: Lack of sleep can lead to irritability and emotional exhaus-
tion in the bed partner, which can affect the relationship.

Worry and anxiety: Sleep apnea can be a worrisome condition for a partner, who
may feel anxious about their loved one’s health and well-being. The levels of anxiety
experienced by someone sleeping next to a person with sleep apnea can vary depend-
ing on individual circumstances and the severity of the sleep disorder [29].

2. Objectives
2.1 Main objective

To assess the emotional changes in the partners of patients with OSA after one year
of CPAP use.

2.2 Secondary objective

Analyze the impact that OSA has on the quality of life of those who suffer from it
and their partner; considering variables such as the impact on sleep, daytime sleepi-
ness, and the level of satisfaction in the intimate sphere. Likewise, we want to know if
the use of CPAP by the patient improves their symptoms and that of their partner in
the short, medium, and long term.

3. Methodology

Comparative longitudinal study, n = 104, study with 52 patients with obstruc-
tive sleep apnea and their partners at the Alvaro Cunqueiro Hospital in Vigo, Spain.
Patients received CPAP therapy for one year (2018-2019). We analyzed physical,
mental, and sexual changes with validated questionnaires: SF-36 (for quality of life),
HAD (for depression and anxiety), and CSFQ (for sexual variables). We also use a
Likert scale created by our research team to assess the impact on their partners.

3.1 Subjects of study

The recruitment was carried out in the Pneumology Service of the Integrated
Management Organizational Structure (EOXI) of Vigo, which covers an area of
600,000 inhabitants. In this area is the largest hospital in Galicia, Hospital Alvaro
Cunqueiro, which, in turn, is the headquarters of the Galicia Sur Health Research
Institute (IISGS), with which we collaborate to develop this project (http://novohos-
pitalvigo.sergas.es/Paxinas/Portada.aspx) and which combines assistance, teaching,
and translational research in the health area of Vigo.
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To carry out this study, it will be necessary to recruit patients diagnosed with
SAHS and their partners. The set of participants will be recruited from patients who
attend the sleep respiratory disorders consultations of the Pneumology Service of the
Alvaro Cunqueiro Hospital in Vigo.

The criteria for the inclusion of patients are: (1) age > 18 years and > 65 years, (2)
diagnosis of OSA, (3) share rest with your partner, (4) not present other neurologi-
cal or psychiatric pathologies or a history of head trauma, (5) in women, not being
pregnant or lactating, (6) not consume toxins that can affect the results, (7) sign the
Informed Consent and, (8) patients with complete consciousness (full authority to
participate in the study and grant the informed consent).

The criteria for excluding patients are: (1) comorbidity with another serious
diagnosis or concomitant disease that could interfere and (2) the presence of neuro-
muscular disorders that affect the respiratory pattern or cycle.

The patients’ partners will be invited to participate when they accompany their
partners to the consultation. If they agree to participate, they will cover, date, and
sign the informed consent.

As criteria for the inclusion of patients in the second phase after starting positive
pressure therapy, it was necessary to use it for no less than 4 hours per day on average.
The sample size has been determined considering previous studies referring to
the study of quality of life in patients with OSA. For OSA patients, the mean Epworth

sleepiness scale (ESS) decreased from 12.9 +/— 4.4 to 7.3 +/— 4.0 after CPAP treat-
ment. For bed partners, mean SES decreased from 7.4 +/— 6.1t0 5.8 +/— 4.7. Mean
SE-36 scores were significantly reduced in both patients and bed partners. Significant
improvements were observed in the subjects in the role domains: physical, vitality,
social functioning, emotional role, and mental health. In bed partners, significant
changes were observed on the SF-36 in the domains of physical function, vitality,
social functioning, and mental health. If we consider these standard deviations to
detect differences in mean HRQoL scores of four points, assuming a confidence level
of 95% and a statistical power of 80%, we obtain a sample size of 51 patients in each
group for a total of 102 subjects.

3.2 Data analysis

The different variables collected in the questionnaires will be studied, looking for
possible associations between the clinical variables and sociodemographic variables.
In this way, we consider intervariable interactions that may determine the interpreta-
tion of the results. The possible correlations existing between the scores of the AHI,
snore and quality of life.

For data analysis, the statistical program SPSS for Windows version 20.0 will
be used. This part will be carried out with advice from the IBI Statistics Unit. The
Kolmogorov-Smirnov test (Lilliefors modification) will be used to verify the normal-
ity of the variables, the student’s t-test and the Mann-Whitney U statistic to compare
the differences between means with independent data, and the Spearman correlation
index and regression line. Categorical variables will be expressed as percentages and
will be compared using the chi-square test.

3.3 Benefits, applicability, validity, and limitations

With this project, we are interested in knowing the perception of our patients
with OSA and that of their partners before and after receiving treatment with CPAP,
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regarding the changes they perceive in the quality of life in order to better understand
the educational and psychological needs that both have. In this way, we can provide
them with the best comprehensive assistance possible. Normally, we focus only on the
person who suffers from this disease, but according to the reviewed bibliography, its
consequences can have a very negative effect on the health of the roommate, although
there are still few scientific studies on the subject.

It is expected to demonstrate that in parallel to the improvement in the patient’s
symptoms, the quality of life of their partner will also improve, reducing anxiety, and
problems in intimate relationships.

Various self-report instruments have been used to assess the impact of OSA on
HRQoL: the SF-36 health questionnaire, the life satisfaction scale, the Nottingham
health profile, and the 28-item general health questionnaire. Since these instruments
are generic, their ability to detect subtle effects of the disease on the quality of life and
the effects caused by various treatment modalities led to the development of specific
questionnaires for the OSA, such as the sleep apnea quality of life index (SAQLI), the
functional sleep impact questionnaire (FOSQ ), the obstructive sleep apnea severity
index, and the Epworth sleepiness scale. The American Thoracic Society and the
American Sleep Disorders Association have made reviews of the use and properties of
these instruments; however, none of the mentioned organizations has issued recom-
mendations on the use of specific CVRS instruments due to the lack of comparative
data. In a study, the SAQLI was more sensitive to the changes in the quality of life in
patients. For the OSA that the SF-36 has a strong content and a constructive validity,
but it has to be administered by an interview. Sexual function is addressed only in the
FOSQ and OSAPOSI. Aspects related to work are evaluated specifically and in detail
mainly by the OSAPOSI, while leisure activities are evaluated in depth by the FOSQ.
On the other hand, all the instruments evaluate various aspects of interpersonal
interactions and relationships with the exception of the OSAPOSI, which includes
only three items limited to marital and sexual relationships.

We developed a study to investigate the impact of OSA and its treatment with
CPAP on the quality of life of the patient and their partner, where it affects so that
a complete therapy can be planned that meets the specific needs of the patient. Any
treatment modality chosen on the basis of disturbances in physiological parameters is
unlikely to be complete as these parameters may not be the true representative of the
magnitude of suffering in SAHS patients. Therefore, there is a need for a comprehen-
sive holistic treatment that considers the physiological, emotional, and social impair-
ment of the individual patient.

As limitations, the lack of a control group to avoid observation bias stands out.

Variables and questionnaires used.

Variables of the sociodemographic questionnaire:

* Age.

* Sex.

¢ Civil status.

* Country of birth.
* Education level.

¢ Socioeconomic level.
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* Employment situation (Shifts).

* Toxic consumption.

Variables of the clinical questionnaire:
* BP

* Weight and height

* BMI

* Neck perimeter

* AHI

* Presence of ACVA, ischemic cardiopathy, heart failure, COPD, rhinitis, psychiat-
ric disorders, and other diseases.

* Symptoms of respiratory disorder during sleep.

* Questionnaire on sleep quality during the nocturnal PLG study.

* Assessment of sleepiness: excessive daytime sleepiness (Epworth sleepiness scale).
* Functional impact of sleep questionnaire (FOSQ).

* SF-36 health questionnaire.

* Scale of anxiety and depression (HAD).

The Epworth sleepiness scale is a short Likert-type questionnaire that attempts to
determine cministered test in which the investigated subject is asked about the frequency
(or probability) of falling asleep on an increasing scale that goes from 0 to 3, for eight
different everyday situations, in which most people may be involved, in their daily life,
although not necessarily every day. The score of the eight situations is added to obtain
a total number. A result between 0 and 9 is considered normal, while one between 10
and 24 indicates that the patient should be referred to a specialist. For example, a score
between 11 and 15 indicates the possibility of mild to moderate sleep apnea, while a score
of 16 and above indicates the possibility of severe sleep apnea or narcolepsy.

The FOSQ questionnaire was specifically designed to measure the impact that
primary or secondary excessive sleepiness disorders have on daily functioning. The
instrument is based on the concept of functional status, that is, the daily behavioral
performance in the physical, psychological, and social areas. The FOSQ is made up of
30 items that make up five domains: (a) activity level, (b) surveillance, (c) intimacy
and partner relationships, (d) general productivity, and (e) socialization level. You
have four response options: 0 (I do not do this activity for other reasons), 1 (yes,
extremely), 2 (yes, moderately), 3 (yes, little), and 4 (no).

The SF-36 health questionnaire is made up of 36 questions (items) that assess
both positive and negative states of health. The questionnaire covers eight scales,
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which represent the health concepts most frequently used in the main health ques-
tionnaires, as well as the aspects most related to the disease and treatment. The 36
items of the instrument cover the following scales: Physical function, physical role,
bodily pain, general health, vitality, social function, emotional role, and mental
health. Additionally, the SF-36 includes a transition item that asks about the change
in the general state of health compared to the previous year. This item is not used for
the calculation of any of the scales but provides useful information on the perceived
change in health status during the year prior to the administration of the SF-36.

The HAD scale has 14 items and was designed for the evaluation of anxiety and
depression in nonpsychiatric outpatient hospital services. It is a state measure with
two scales, one for anxiety and one for depression. One of its main virtues is the
suppression of somatic symptoms so that they can be evaluated independently of the
underlying somatic disease.

4, Results

In the baseline sample, 85.7% of the patients were male. Mean age in patients is
476 +/— 4.2 and in couples 48.6 +/— 8.9. AHI: 41.3 +/— 27.6. (52% severe).

In the social function (SF), role emotional (RE), and mental health (MH) dimen-
sions of the SF-36, the average score was lower in couples than in patients (p < 0.03,
p < 0.05, and p < 0.03, respectively).

In the physical function (PF), physical role (PR), general health (GH), and
vitality (V) dimensions, the average score was lower in patients than in their partners
(p<0.05p<0.01,p<0.02,and p < 0.02, respectively) (Figure1).

The total score in the questionnaire for changes in sexual function (SF) was lower
in the couple (p < 0.02).

Quality of life is as affected in patients with OSA as in their partners, although in
different dimensions. The couples show a greater alteration in the emotional, social, and
sexual sphere, while the patients perceive greater affectation in the physical plane.

Mild

Moderate

Severe

Figure 1.
Classification of patients according to severity of AHL
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Variable HAD SF-36
Patients AHI P < 0,05 P < 0,02
R =0,237 R =-0,309
Couples Snore P <0,03 P<0,01
R=0,298 =-0,396

Table 1.
Pearson correlation analysis for the HAD and SF-36 questionnaires of OSA patients and bed partners.

Group of patients: The AHI showed a statistically significant correlation, positive
for the HAD questionnaire, and negative for the SF-36 questionnaires.

Group of couples: The correlation is found in snoring, positive for HAD and nega-
tive for the SF-36 questionnaires. In addition to a positive (moderate) correlation with
the level of symptoms reported by the patient (r = 0.424; p < 0.01) (Table1).

After one year of CPAP therapy by the patients, the partners showed lower levels
of anxiety and depression compared to the previous year (P < 0.001). Items related to
quality of life (physical functioning, limitation due to physical problems, discomfort,
social role, mental health, limitation due to emotional problems, vitality, and general
perception of health) showed significant improvement.

Ninety percent of members reported that CPAP has significantly improved the
health of patients and 85% stated that the use of CPAP has had a beneficial impact on
their own health status.

5. Discussion

An adequate understanding and comprehension on the part of the patient and
partner about the type of disease they are facing can be a great support to ensure
correct adherence to treatment with CPAP, the studies carried out by Cartwright
reflected this [30]. It is also of great importance to maintain a healthy relationship to
have an open dialog about rest, even if it means doing it separately on certain occa-
sions so as not to interfere with the other’s sleep [31].

Fatigue-inducing conditions, such as sleep loss, compromise these factors,
leading to decline in decision performance. Aidman et al., using a 40-hour sleep
deprivation protocol, examined these factors and the resulting decision perfor-
mance. Thirteen Australian Army male volunteers (aged 20-30 years) were tested at
multiple time points on psychomotor vigilance, inhibitory control, task switching,
working memory, short-term memory, fluid intelligence, and decision accuracy
and confidence in a medical diagnosis-making test. Assessment took place in the
morning and night over two consecutive days, during which participants were kept
awake. Consistent with previous work, cognitive performance declined after a night
without sleep. Extending previous findings, self-regulation and self-monitoring
suffered significantly greater declines immediately after the sleepless night. These
results indicate that the known decline in complex decision-making performance
under fatigue-inducing conditions might be facilitated by metacognitive rather than
cognitive mechanisms [32].

The Meta-analysis conducted by Natan et al. indicates that sleep deprivation,
whether total or not, leads to a significant increase in state anxiety levels, but sleep
restriction does not. Regarding the effect of the length of the period of sleep depriva-
tion, no significant results were observed, but there was a notable tendency for an
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increase in anxiety in longer sleep deprivations. With regard to tools, the state-trait
anxiety inventory (STAI) seems to be the best one to measure sleep-induced anxio-
genesis, while the profile of mood states (POMS) presented inconclusive results [33].

In the pediatric field Smirni et al. found interesting results on how this pathology
affects the quality of life of mothers, the authors concluded that “the child respiratory
disease, with its sudden and unpredictable features, appeared as a significant source
of stress for the mother”. Such stress condition may have an impact on mothers’
personality traits (self-esteem, locus of control) and on their memory performances
[34]. On the other hand, Operto FF et al. concluded that children with sleep apnea
have fewer emotional intelligence skills than children who do not suffer from this
clinical condition, which considerably affects the response to stress and decision-
making [35].

Adherence to treatment is an essential condition for proper compliance. As CPAP
is a chronic treatment, and due to its special characteristics, the percentage of patients
who abandon the therapy or who decide not to use it from the beginning is not negli-
gible. According to some studies, from 5 to 50% reject treatment or interrupt it on the
first night/week of its use, while abandonment at 5 years stands at 23% (although we
can find figures as diverse as 4-46%, most in the first year) [36].

6. Conclusions

It is essential to understand that anxiety levels can vary from person to person, and
sleep apnea is a medical disorder that requires proper care and treatment. If the bed
partner is experiencing elevated levels of anxiety due to sleep apnea, it is important to
seek medical support and consider options to improve the situation, such as seeking
sleep apnea treatment or considering temporarily separate bedrooms. Emotional sup-
port and open communication are also critical in addressing any worries or concerns
related to shared sleep disorder.

The impact on the quality of life of patients with OSA without CPAP treatment
depends on the AHI, while in their partners their snoring is the determining factor.

After one year of treatment, the couples showed a decrease in anxiety and depres-
sion variables, as well as an increase in all areas of quality of life, including libido.

It can be affirmed that CPAP treatment improves the general state of health of both
the patient and the couple, that is the reason why we can conclude that treating one
improves the sleep quality of both.
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OSA
CPAP
UPA
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POMS
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ER
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PF
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Author details

obstructive sleep apnea
continuous positive airway pressure
upper airway
polysomnography

blood pressure
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state-trait anxiety inventory
profile of mood states

sleep apnea quality of life index
sleep impact questionnaire
social function

emotional role

mental health

physical function

physical role

general health

vitality
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