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Preface

There is a significant prevalence of OSA disease in the current population with
a great impact on the development of complications when these patients
require hospital admission. The status of this patients is more vulnerable in
critical situations when they require invasive or non-invasive ventilatory
support in intensive care units or serious surgical procedures. In many of these
cases, the development of infectious or non-infectious complications
aggravates the prognosis. In these situations, precise knowledge of the
pathophysiological aspects and the development of preventive actions and
early treatment are required as it acts in the most vulnerable phase of this
disease.

This book describes all the actions that are required as well as possible
scenarios that the hospitalized patient with OSA may require.

The book has been structured from the analysis of epidemiology,
comorbidities, Pharmacological data, and a description of all the Ventilatory
Management Options (High Flow Nasal Oxygen in Sleep-Disordered
Breathing, Invasive Mechanical Ventilation), details of essential aspects in
Monitoring in Critical Care and a whole analysis of situations such as
Hypercapnic. OSA and COPD: The Overlap Syndrome, Asthma. Overlap
Syndrome: Concept and Ventilatory Modes, Severe Acute Pneumonia, Acute
Heart Failure, Neurological Diseases, Interstitial Lung Diseases:
Pathophysiology and Treatment.

We have analyzed an essential aspect such as weaning Mechanical
Ventilation, extubation Period: Clinical and Practical Implications and all the
situations of greatest risk in Anesthesiology-Perioperative Medicine
(Pathophysiology, Diagnosis and Treatment).

Finally, it has been considered that it is essential to complete this study
with a design of how to carry out the preparation of these patients in the
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discharge from Intensive Care Unit, determinants in Mortality and Outcome,
Telemedicine: Clinical and social Life Effects.
We hope that this book may help in the complexity of OSA in critical care.

Antonio M. Esquinas, MD, PhD, FCCP
International Fellow AARC. Fellow NIV
Murcia, Spain

Takatoshi Kasai, MD, PhD
Tokyo, Japan



Chapterl

Epidemiology

Giovanni D’Agostino, MD
and Annachiara Marra“, MD, PhD

Department of Neurosciences, Reproductive and Odontostomatological Sciences,
University of Naples “Federico II,” Naples, Italy

Abstract

Obstructive sleep apnea (OSA) is a chronic condition characterized by at
least five obstructive events (apneas and hypopneas) per hour during
sleep due to an intermittent, complete, or partial, upper airway
obstruction. OSA is related to various diseases determining an admission
to intensive care unit (ICU) and poor outcome. Some articles have shown
increased risk of poor outcomes and higher mortality and higher risk of
admission to ICU in patients with hypercapnic acute respiratory failure
with OSA compared to non-OSA patients. Thus, there is the necessity of
earlier diagnosis for OSA patients in ICU and earlier treatment to
improve the outcome. Their management in ICU must be individualized
to increase the odds of discharge and to avoid the complications. The aim
of this chapter is to describe the OSA in intensive care unit, its prevalence
and what kind of complications OSA patients have.

Keywords: comorbidities, intensive care unit, hypercapnic acute respiratory
failure, mortality, obstructive sleep apnea, outcome
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2 Giovanni D’Agostino and Annachiara Marra

Introduction

Obstructive sleep apnea (OSA) is nowadays considered as one of the most
frequent chronic diseases, with multi-organ consequences and a high societal
burden. OSA is characterized by at least five obstructive events (apnoea and
hypopnoea) per hour during sleep due to an intermittent, complete, or partial,
upper airway obstruction. Most of the time, the respiratory events are
associated with snoring, oxygen desaturations and brief arousal from sleep
with a BMI > 40 kg/m2. The global prevalence of OSA in the middle-aged
population is above 20% [1]. This prevalence has substantially increased over
the last few decades owing to the parallel epidemics of obesity and type 2
diabetes [2]. OSA prevalence is even higher in patients suffering from
cardiovascular diseases, reaching 50% in hypertension, arrhythmia, or stroke
patients [3].

The combination of OSA and morbid obesity might be associated with
some specific frailties and a relatively high risk of cardiovascular and
metabolic comorbidities, along with an increased risk of mortality.

OSA patients often present multiple comorbidities, such as obesity,
diabetes, hypertension, ischemic heart disease, heart failure and/or stroke,
which are also frequently the underlying causes for intensive care unit (ICU)
admission [4-7]. Sleep disordered breathing has also been identified as a
common contributing cause of hypercapnic respiratory failure in obese
patients admitted to the ICU [8]. In addition, patients with OSA often have co-
morbidities, such as chronic obstructive pulmonary disease (COPD) and
asthma [9], and these would aggravate and complicate the pulmonary
conditions when OSA patients develop acute respiratory failure [10].

The prevalence of OSA in the ICU population has been reported as being
between 7.8% and 10.3% according to two retrospective American surveys
[11, 12]. OSA prevalence certainly appears to differ from one ICU to another
depending on the predominant ICU activity (i.e., surgical versus medical,
pediatric neurological or trauma oriented ICU). In a study the physician-
reported prevalence of OSA of only 5.6% reflects a massive under-diagnosis
of OSA in ICU patients [7] while, studies implementing polysomnographic
assessment of ICU survivors reported a much higher OSA prevalence [13, 14].
A study assessing the prevalence and severity of OSA in patients surviving
acute hypercapnic respiratory failure (AHRF) in the ICU by sleep studies,
observed a much higher than expected prevalence of moderate to severe OSA
and severe OSA for both COPD and non-COPD groups[14]. For patients
admitted and surviving acute hypercapnic respiratory failure the prevalence of
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OSA increases to 65%% [13, 14]. Extensive data have demonstrated that
undiagnosed OSA syndrome is associated with an increased risk of poor
outcomes and higher mortality in the postoperative period [15, 16].

Patients presenting with OSA at ICU admission were older, with a higher
BMI and a larger number of comorbidities than non-OSA patients [17].

The most common reasons for first-time ICU admission in critically ill
OSA patients were cardiovascular events, followed by respiratory events,
cerebrovascular events, and infectious events [18]. Hang et al., [18] found that
the clinical variables of the patients admitted due to respiratory,
cerebrovascular, and cardiovascular events showed no significant differences
in age, gender, BMI, apnoea-hypopnoea index (AHI), mean oxygen saturation
(Sa03), minimum (SaOy), laboratory data, length of ICU stay and in-hospital
and two-year mortality rate. However, patients admitted due to respiratory
events had significantly higher APACHE 11 scores, lower arterial blood gas
pH levels and higher PaCO2 than patients admitted due to cardiovascular and
cerebrovascular events. There was no difference in short- and long-term
mortality but patients admitted due to respiratory had a significantly higher
incidence of requiring NIV after extubation and higher ICU readmission rates
[18].

Obese patients admitted to an ICU require more complex management
and those with OSA often need continuous positive airway pressure (CPAP)
treatment [19].

OSA is known to be associated with renal decline [20, 21] and it has been
reported that OSA is linked with a higher risk of acute kidney damage in
critically ill patients [22]. Also, sleep apnea and deterioration in sleep quality
might impair immune responses and protection against infections [23]; e.g.,
for influenza patients with exacerbation OSA was a significant contributor to
the reasons for ICU admission [24]. Moreover, OSA patients are more
sensitive to opioids developing central apneas after extubation [25].
Intravenous fluid loading also influences OSA severity [26]. Taken together,
these reports advocate that, as for obese individuals, the detection of
underlying OSA should impact ICU management.

Combining OSA with other comorbidities may be associated with an
effect on the impact of hospital-free survival [14]. A retrospective observation
designed to identify novel risk factors associated with readmission after
hospitalization for acute exacerbation of COPD identified sleep apnea among
other comorbid conditions, as a novel risk factor for readmission [27].

It has been assumed that OSA patients have increased morbidity and
mortality when admitted to an ICU. A study found that OSA patients were
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more likely to require ICU transfer and intubation or noninvasive positive
pressure ventilation after surgery [28].

Recently, studies are being focused on the association between OSA
status and the prognosis of critically ill patients, but with controversial results
[7, 11]. One found that OSA was associated with decreased mortality [11] but
the other did not identify such benefit [7]. A retrospective cohort study by Lin
et al., found that compared with those without OSA, patients with OSA had a
significantly lower risk of ICU- and in-hospital mortality [17]. After adjusted
for age, gender, weight, SAPS Il scores, sequential organ failure assessment
(SOFA) score, comorbidities, and laboratory tests, OSA was still associated
with decreased risk of mortality, which indicated that OSA itself might be a
protective factor for mortality. Several factors could explain the protective
effect of OSA in critical care patients. First, in this study, patients without
OSA were older and had higher SAPS Il scores, indicated that patients without
OSA had greater severity of illness.

Second, long-term adaptation to hypoxia might cause ischemic
preconditioning due to the nocturnal cycles of hypoxia-reoxygenation, which
might alleviate the acute stress response and protect the cardiocirculatory
system against infarction and further ischemic insults [29]. Furthermore, the
mobilization, proliferative and angiogenic capacities of endothelial progenitor
cells were heightened in patients with OSA, indicating that vascular
endothelial cell repair might also be involved in the mechanism of
cardiovascular protection [30]. Another mechanism by which OSA might
reduce mortality was the development of coronary collaterals. OSA might
promote angiogenesis through oxidative stress and upregulation of vascular
endothelial growth factor in patients with coronary artery disease, which might
trigger the development of coronary collaterals and improve blood supply to
the heart [31].This adaptive change in the cardiovascular system might
increase myocardial oxygen and reduce cardiovascular risk among patients
with serious illnesses [32].

The prevalence of OSA in patients with severe Coronavirus Disease 2019
(COVID-19) has been subject of debate [33]. A study by Maas et al., found a
prevalence of 6.3% in patients with COVID-19 in their cohort from the USA
[34]. This is in concordance with the results of Voncken et al., [35], as well as
with estimations of the worldwide prevalence of OSA between 3 and 7%.

There is a strong association of OSA with increased mortality in COVID-
19 patients. A brief report studying 4,668 COVID-19 patients from an
electronic patient registry from New England, USA, showed an increased all-
cause mortality rate (11.7%) compared with controls (6.9%) [36]. Maas et al.,
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[34] showed that OSA was associated with increased risk for hospitalization
(OR 1.65) and respiratory failure (OR 1.98).

Several pathophysiological mechanisms may help to explain the increased
mortality risk in COVID-19 patients with OSA. One frequently suggested
mechanism is an increased risk of aspiration. This theory is supported by an
overall higher incidence of pneumonia in OSA patients [37]. The mechanism
may be related to laryngeal sensory dysfunction, laryngeal adductor reflection
attenuation, impaired cough reflexes (during REM sleep) and/ or
gastroesophageal reflux, which have all been described in patients with OSA
[38]. In addition, gasping is a common phenomenon in patients with OSA and
gasping may predispose to aspiration of virus particles [39]. Furthermore, also
other mechanical problems in OSA contribute to less effective ventilation
treatment, including a higher risk of difficult intubation and non-invasive
ventilation may be less effective due to the intermittent airway obstruction
episodes [40]. In addition, higher levels of inflammatory markers have been
reported in OSA patients compared to patients without OSA. This could
increase the risk for overproduction of prompt response proinflammatory
cytokines which could increase chances of developing Cytokine Storm
Syndrome (CSS) [41].

Conclusion

Patients with OSA in ICU represent a big challenge. Known OSA is not
demonstrated to be an independent risk factor for adverse outcomes in ICU
patients.
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Abstract

Obstructive sleep apnea (OSA) is a common sleep-disordered breathing
associated with repetitive apneas, hypopneas, or respiratory effort-related
arousals. OSA is associated with increased prevalence of many
comorbidities including cardiovascular diseases like arrhythmias
particularly atrial fibrillation, heart failure, stroke, pulmonary
hypertension, and metabolic disturbance including diabetes mellitus and
dyslipidemia. Depression and mood changes are also common in OSA.
Furthermore, there are overlaps in the clinical presentations of some of
these comorbidities and OSA symptoms making the possibility of
underdiagnoses of OSA or its comorbidities. Some of these comorbidities
are a physiological sequela of OSA. Though some comorbidities could
be linked to obesity, there is growing evidence of OSA as an independent
risk factor. Continuous positive airway pressure (CPAP) has been proven
to alleviate some of these comorbidities or their severity while additional
detailed studies are required to further characterize benefits in some
others.
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Introduction

The incidence of cardiovascular diseases and cardiovascular events has
increased in OSA patients. Similarly, there is a proportional relationship
between all-cause mortality and the severity of OSA [1]. The current available
data suggests that CPAP therapy is ineffective as a secondary prevention of
cardiovascular diseases or cardiovascular events [2], however, there are many
limitations in the current available evidence urging further randomized
controlled trials. Many other cardiovascular diseases are associated with OSA
including systemic hypertension, ischemic heart disease, arrhythmias
particularly atrial fibrillation, heart failure, stroke, and pulmonary
hypertension. Depression and metabolic disturbance including diabetes
mellitus are also associated with OSA. While CPAP can be effective on
reducing some of these comorbidities, still there is a gap in the knowledge of
CPAP efficacy on others. Further studies targeting OSA phenotypes might be
the key to answer many questions.
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Figure 1. Cumulative incidence of the primary endpoint comparing CPAP group
(CPAP plus usual care) and usual care group (usual care alone). N Engl J Med 2016;
375:919-93.
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OSA and Cardiovascular Diseases
Cardiovascular Events

Observational studies have shown that OSA is associated with increased
cardiovascular disease and increased morbidity and mortality. Sleep-
disordered breathing increases all-cause mortality in proportion to the severity
of sleep-disordered breathing as classified by apnea/hypopnea index (AHI)
with hazard ratios of 0.93, 1.17, and 1.46 for mild, moderate, and severe OSA
respectively [1]. This risk is particularly worse in men aged forty to seventy
and coronary artery disease follows the same pattern as all-cause mortality [1].

The Sleep Apnea Cardiovascular Endpoints (SAVE) study which was one
of the largest randomized controlled trials to investigate the benefit of CPAP
in preventing cardiovascular events revealed that CPAP did not prevent
cardiovascular events in those with moderate to severe OSA and existing
cardiovascular diseases or coronary artery disease (Figure 1). These
cardiovascular events include cardiovascular deaths, stroke, myocardial
infarction, hospitalizations for unstable angina, transient ischemic attack, or
heart failure [2]. However, there are many limitations in this study which
include the exclusion of the sleepy population with an Epworth sleepiness
score (ESS) of 15 (range of 0-24), or severely hypoxic patients (oxygen
saturation <80% for more than 10% of recorded time) and those who are at
elevated risk of road traffic accident. Furthermore, the study was conducted
on patients with already established cardiovascular disease (i.e., not primary
prevention). In addition, the diagnosis of OSA in the studied population was
made by Apnea Link (automated oximetry) rather than full polysomnography
and the adherence to CPAP was poor (mean of 3.3 hours per night). All these
limitations constrain the generalization of these results. Several meta-analyses
of RCT showed comparable results [3] with different OSA severity and
duration of treatment. Further RCTs are required to indicate CPAP benefit on
OSA patients according to patient characteristics or phenotypes (e.g., sleep vs
non-sleepy patients).

Coronary Artery Disease

There is convincing evidence that untreated men with severe OSA (mean AHI
of 45 events/hour) are associated with increased non-fatal cardiovascular
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events including stroke, myocardial infarction, and acute coronary syndrome,
as well as fatal cardiovascular events irrespective of confounding factors
including obesity when it is compared with patient with mild to moderate OSA
[4]. This reflects the importance of CPAP treatment. Further RCTs are needed
to prove the CPAP effect on cardiovascular outcomes.

Hypertension

There is a well-known association between OSA and hypertension with close
to fifty percent of OSA patients being hypertensive. Furthermore, there is an
increased prevalence of OSA in patients with resistant hypertension. OSA is
also linked to non-dipping nocturnal blood pressure, particularly in those who
have cardiovascular risk and moderate to severe OSA [5]. A prospective
population-based study for patients with OSA found that after four years of
follow-up, there was a proportional relationship between the severity of OSA
and the presence of hypertension with an odds ratio of 2.03 and 2.89 for mild
and moderate-severe OSA respectively after adjustment for other risk factors
[6]. One meta-analysis has shown that using CPAP is associated with a small
reduction in systolic blood pressure (mean of 2.6 mmHg) [7]. This little
reduction is clinically important as it can lessen cardiovascular risk.
Additional studies are required to further characterized benefits in certain
groups of OSA patients like sleepy patients and to investigate benefits
according to the severity of OSA. Moreover, more evidence is required to
examine the effect of withdrawal of CPAP on blood pressure control, the effect
on diastolic blood pressure, the effect of CPAP when it is compared to
antihypertensive agents, duration of CPAP usage to see the effect and
alternative treatment to CPAP and their effect on blood pressure.

Atrial Fibrillation and Other Arrhythmias

Arrhythmias in general and particularly atrial fibrillation are associated with
OSA. These arrhythmias were attributed to several physiological changes in
OSA which include hypoxia and it is associated with delayed depolarization,
fluctuated autonomic system, and respiratory acidosis. The prevalence of atrial
fibrillation (AF) in OSA patients is variable from 2% to 5% independent of
other risk factors and it is three to four folds higher than the general population.
Outcomes of sleep disorders in older men (MrOS) study revealed that the
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prevalence of atrial fibrillation and complex ventricular ectopy (CVE) are
proportionally correlated to the severity of sleep-disordered breathing (SDB)
measured by respiratory disturbance index (RDI) in older men. Though this
study also showed that CVE is more prevalent in obstructive sleep apnea as
compared with AF which was more common in central sleep apnea [8].

Patients with OSA have an elevated risk of recurrent AF after ablation
compared with non-OSA patients close to 31%. This risk can increase to 57%
if CPAP therapy is not used. Furthermore, CPAP can reduce AF recurrence at
a rate close to the non-OSA patient [9].

Other arrhythmias like conduction delay including sinus pause, asystole,
and atrioventricular block were reported in old literature but have never been
proven in large studies. Ventricular arrhythmia, on the other hand, has been
linked to OSA as well [10], yet large RCTs are still required to determine the
utility of CPAP or alternative therapy to prevent or reduce the recurrent rate.

Stroke

There is growing evidence of an increased incidence of stroke in OSA patients.
Several hypotheses have been proposed as mechanisms for increasing stroke
risk. Firstly, OSA is associated with an increase in other cardiovascular risks
including diabetes mellitus and insulin resistance, hypertension, heart
diseases, and atrial fibrillation. Furthermore, there might be a reduction in
cerebral flow velocity secondary to increased intrathoracic pressure because
of the obstructive events. Moreover, intermittent hypoxia can attenuate the
cerebral vasodilatory response. Similarly, endothelial dysfunction secondary
to oxidant stress and an increase in sympathetic drive all can play a role in the
pathogenesis of stroke. Likewise, OSA can result in pulmonary hypertension
which could lead to right to left shunt in patients with patent foramen ovale
(PFO) and therefore possible paradoxical embolism and stroke. The hazard
ratio (HR) is 2.89 in one observational study irrespective of confounding
factors like diabetes mellitus, hypertension, previous stroke, atrial fibrillation,
smoking history, body mass index, age, or gender. This risk corresponds
proportionally to the severity of OSA with hazard ratios of 2.44 and 3.56 in
patients with AHI (5-15) and >15 events per hour respectively [11]. Using
CPAP may alleviate some of the proposed risk factors for stroke like
improving blood pressure. Though some RCTs have shown no proven effect
on the rate of stroke after CPAP therapy [2]. However large detailed RCTs to
investigate the benefit of CPAP in reducing stroke incidence are lacking.
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Heart Failure

The prevalence of heart failure in OSA patients is variable in the literature
between 50% to 75%. Many physiological changes could explain this
correlation which includes reduced preload and increased afterload because of
increased negative intrathoracic pressure during obstructive respiratory
events. Similarly, increasing sympathetic drive could increase heart failure
recurrence. In addition, some of the OSA’s symptoms can be confused with
heart failure symptoms like paroxysmal nocturnal dyspnea and nocturia due
to diuresis which can lead to under recognition of OSA. On other hand, heart
failure is proposed as a risk to worsen OSA, particularly in supine positions
due to neck edema.

The risk to develop heart failure is worse in men and those with severe
OSA. The risk is approximately 59% compared with subjects with no OSA
[12]. CPAP therapy reduces the incidence of heart failure in those more than
60 years of age [13].

Pulmonary Hypertension

Pulmonary hypertension due to OSA belongs to group 3 according to the
clinical classification of pulmonary hypertension (i.e., pulmonary
hypertension due to lung disease and/or hypoxia). The severity of pulmonary
hypertension in OSA patients is usually mild if there is no coexisting other
potential etiology for pulmonary hypertension. Pulmonary hypertension can
also be a prognostic factor in OSA patients. CPAP therapy has been proven to
improve systolic pulmonary arterial pressure and pulmonary vascular
resistance after a few months of treatment.

OSA and Metabolic Disturbance

Diabetes and insulin resistance are proven in cross-sectional studies to be
associated with OSA. Similarly, increasing OSA severity is associated with
increasing type 2 diabetes incidence independent of possible confounding
factors like body mass index, age, race, gender, and baseline fasting glucose.
This risk is less in those who use CPAP [14]. OSA not only leads to an
increased risk of diabetes, but it is associated with other metabolic
disturbances which can lead to metabolic syndrome. This is attributed to the



