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Preface

In 1983 the first edition of Anesthesia and Co-Existing Disease 
by Drs. Robert K. Stoelting and Stephen F. Dierdorf was pub-
lished with the stated goal “to provide a concise description 
of the pathophysiology of disease states and their medical 
management that is relevant to the care of the patient in the 
perioperative period.” Since then, five more editions have been 
published. The last two editions were published under our edi-
torial leadership.

This seventh edition of Anesthesia and Co-Existing Disease 
continues the tradition of presenting new and updated medi-
cal information to the anesthesiology community. New chap-
ters include those on sleep-disordered breathing and critical 

care medicine. The chapters on geriatric medicine and cancer 
medicine have major updates, but all chapters contain new 
information, refer to major medical society guidelines and 
recommendations that affect the practice of perioperative 
medicine, and contain many tables, figures, illustrations, and 
photographs to aid in understanding key concepts. We hope 
that our readers will continue to find this book relevant to the 
care of the patient in the perioperative period.

Roberta L. Hines, MD
Katherine E. Marschall, MD
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Scientific study of sleep in humans dates back only about 
a century, whereas the development of sleep medicine as a 
medical discipline dates back only about 50 years. Rapid eye 
movement (REM) sleep was first described in cats in 1957. The 
genetic mutation of narcolepsy was first described in dogs in 
1999. The clock gene mutation was first described in mice in 
2005, demonstrating that a mutation in the circadian system 
clock gene disturbed not only the sleep cycle but also energy 
balance, resulting in hyperphagia, hyperlipidemia, hypergly-
cemia, hypoinsulinemia, obesity, metabolic syndrome, and 
hepatic dysfunction. The term sleep apnea syndrome was first 

introduced in 1975. Prior to that the term Pickwickian syn-
drome was used. In 1974 one of the first cases of what would 
be considered obstructive sleep apnea (OSA) was described as 
a case of periodic nocturnal upper airway obstruction in an 
obese patient with normal control of breathing, a positional 
increase in upper airway resistance, and associated dysrhyth-
mias (bradycardia and asystole) that resolved with tracheos-
tomy, which was the treatment of choice at that time. In 1981 
the treatment of OSA was advanced by the understanding of its 
pathophysiology and by demonstrating the therapeutic efficacy 
of continuous positive airway pressure (CPAP) in a patient with 
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severe OSA who was scheduled for tracheostomy but refused 
the surgery and elected to undergo the “experimental” therapy 
with CPAP.

PHYSIOLOGY OF SLEEP

Our current understanding of the wake/sleep state maintains 
that wakefulness is accomplished by a brainstem neuronal path-
way known as the ascending reticular activating system (ARAS), 
which involves several neurotransmitters including acetylcholine, 
dopamine, norepinephrine, histamine, and 5-hydroxytrypta-
mine. Sleep is maintained by inhibition of the ARAS via a hypo-
thalamic nucleus known as the ventrolateral preoptic (VLPO) 
nucleus. This involves two neurotransmitters: γ-aminobutyric 
acid (GABA) and galanin. There is reciprocal inhibition between 
the ARAS and the VLPO nucleus. The neurotransmitter adenos-
ine promotes sleep by inhibiting cholinergic ARAS neurons and 
activating VLPO neurons. The timing and duration of sleep 
are influenced by three factors: (1) sleep homeostasis, which 
involves buildup of the inhibitory neurotransmitter adenosine 
during wakefulness, (2) circadian homeostasis, which is regu-
lated by a hypothalamic nucleus that provides GABAergic input 
to the pineal gland, and (3) environmental zeitgebers (“time-
givers”), which include light, temperature, eating, body position, 
and environmental stimulation. Light is the most important zeit-
geber. It provides input to the hypothalamus to suppress release 
of melatonin from the pineal gland, whereas darkness stimu-
lates the release of melatonin, also known as “the hormone of 
darkness.” In normal circadian rhythm, time of onset of release 
of melatonin under dim light conditions occurs about 2 hours 
before sleep onset. Temperature is another important zeitgeber. 
Falling core body temperature promotes falling to sleep, whereas 
rising body temperature promotes awakening. Caffeine inhibits 
sleep by blocking the effects of adenosine.

Sleep Stages

Electroencephalography (EEG) is an important method of 
studying wakefulness and sleep and defining sleep stages. The 
electrical activity of the brain can be categorized into three 
states: wakefulness, REM sleep, and non-REM (NREM) sleep. 
The latter can be further categorized into three stages: N1, N2, 
and N3, according to the progressive decrease in frequency and 
increase in amplitude of EEG waveforms. Muscle tone as mea-
sured by electromyography (EMG) is normal during wakeful-
ness, decreased during NREM sleep, and abolished during REM 
sleep. In terms of vegetative functions and energy expenditures, 
REM sleep matches or exceeds that in awake levels and has been 
described as a state of an active brain in a paralyzed body.

Sleep occurs in all stages of human life, including in utero, 
but sleep duration and stage proportions differ according to 
age. Sleep stages are not equally distributed during the sleep 
period. Stage N3, also known as slow wave sleep, occurs during 
the first third of the night. REM sleep periods increase in dura-
tion and intensity as sleep progresses. REM sleep is defined 
by three electrical findings: (1) on EEG: low amplitude, mixed 

frequency waves; (2) on electromyography: low or absent 
muscle tone (atonia); and (3) on electrooculogram (EOG): 
rapid eye movements. Tonic REM sleep refers to REM sleep–
associated muscle atonia. Phasic REM sleep refers, in addition 
to atonia, to phasic bursts of rapid eye movements, muscle 
twitches, sympathetic activation, and dreaming that is likely to 
be recalled upon awakening, unlike NREM dreaming, which 
is less likely to be recalled. 

Physiologic Differences Between NREM and 
REM Sleep

NREM sleep maintains homeostasis and autonomic stability 
at low energy levels—that is, with a low basic metabolic rate 
and a decreased heart rate, cardiac output, and blood pressure. 
Hormonal secretion is maintained.

REM is considered a more primitive state of sleep. It impairs 
homeostasis and disrupts autonomic stability. REM-induced 
autonomic instability manifests as irregularity in heart rate, 
cardiac output, blood pressure, and tidal volume and suppres-
sion of cardiac and respiratory chemoreceptor and barore-
ceptor reflexes. REM sleep is associated with skeletal muscle 
atonia affecting all skeletal muscles including upper airway 
dilator muscles and intercostal muscles but with significant 
sparing of the diaphragm. 

Respiratory Control During Wakefulness and 
Sleep

The brainstem respiratory control center consists of two 
groups of neurons: a dorsal respiratory group that promotes 
inspiration and a ventral respiratory group that functions 
as the respiratory pacing center. The ventral group contains 
μ-opioid receptors that inhibit respiration when they are 
activated by endogenous or exogenous opioids. The respira-
tory control center sends output to the phrenic nerve and the 
hypoglossal nerve and receives input from three areas of the 
body: (1) electrical input from the forebrain regarding sleep/
wake state, sleep stage, and voluntary control of breathing; (2) 
chemical input from peripheral and central chemoreceptors 
regarding pH, Paco2, and Pao2; and (3) input via the vagus 
nerve from mechanoreceptors in the lungs and airway. REM 
sleep decreases all three aspects of breathing control to a 
greater extent than NREM sleep.

The transition from wakefulness to sleep can be associated 
with breathing irregularity, including periodic breathing and 
sleep-onset apnea. After this transition, sleep is usually asso-
ciated with an increase in airway resistance and Paco2 (2–8 
mm Hg) and a decrease in Pao2 (3–10 mm Hg), chemosensi-
tivity, CO2 production (10%–15%), tidal volume, and minute 
ventilation. 

Effects of Aging and Disease on Sleep

Aging decreases the percentage of sleep in its slow wave por-
tion and in the REM portion and the total time in bed during 
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which one is asleep (also known as sleep efficiency). Aging 
increases the time it takes to fall asleep (also known as sleep 
latency) and the incidence of daytime napping.

Disease states can also disrupt sleep quality and quantity 
and produce vicious cycles in which sleep disruption and the 
disease state exacerbate each other until the cycle is broken 
by treating the disease or the sleep disruption or both. Both 
acute pain (including postoperative pain) and chronic pain 
disorders (e.g., fibromyalgia, chronic fatigue syndrome) also 
disrupt the quality and quantity of sleep. Clinically, fibromy-
algia and chronic fatigue syndrome manifest with insomnia, 
nonrefreshing sleep, excessive daytime sleepiness, and fatigue. 

Cardiovascular System Physiology During 
NREM and REM Sleep

NREM sleep increases vagal and baroreceptor control of 
the cardiovascular system and results in sinus dysrhythmia 
through the coupling of respiratory activity and cardiorespira-
tory centers in the brain. REM sleep–induced loss of homeo-
stasis results in irregularity and periodic surges in heart rate, 
blood pressure, and cardiac output, which can present clinical 
risk in patients with cardiopulmonary disease or those with 
underdeveloped cardiorespiratory systems, such as infants 
(which increases the risk of sudden infant death syndrome). 
Phasic REM sleep is associated with phasic increases in sympa-
thetic activity, resulting in heart rate and blood pressure surges 
without a corresponding increase in coronary blood flow. 
This can result in nocturnal angina and nocturnal myocar-
dial infarction. Tonic REM sleep is associated with increased 
parasympathetic activity, resulting in abrupt decreases in heart 
rate, including pauses, which in patients with a congenital long 
QT syndrome or Brugada syndrome can trigger multifocal 
ventricular tachycardia or even sudden unexplained nocturnal 
death. 

Cerebral Blood Flow, Spinal Cord Blood Flow, 
and Epileptogenicity During NREM and REM 
Sleep

NREM sleep is associated with a decrease in cerebral blood 
flow and spinal cord blood flow, with maintenance of auto-
regulation. REM sleep is associated with regional increases in 
cerebral blood flow and impaired autoregulation. Phasic REM 
sleep periods increase in intensity and duration toward early 
morning, with resulting early morning surges in blood pres-
sure that can lead to an increased risk of stroke in the early 
morning hours. OSA is also associated with early morning 
surges in blood pressure, increased vascular reactivity to Pco2, 
and increased intracranial pressure that can result in addi-
tional risk of early morning stroke.

NREM sleep is more epileptogenic than both wakefulness 
and REM sleep because of increased thalamocortical synap-
tic synchrony and neuronal hyperpolarization, which pro-
mote seizure propagation. REM sleep is least epileptogenic 
because of decreases in thalamocortical synaptic synchrony 

and interhemispheric neuronal connectivity and the presence 
of REM-induced muscle atonia. 

Effects of Sleep on Energy Balance and 
Metabolism

Sleep and sleep deprivation are associated with hormonal 
changes that affect energy metabolism and other endocrine 
functions. Hormonal release can be regulated by sleep homeo-
stasis, circadian rhythms, or both. There are sleep deprivation–
related postprandial increases in both insulin and glucose to 
levels greater than would occur without sleep deprivation, 
which indicates insulin resistance. This might explain the 
association between sleep deprivation and insulin resistance 
and diabetes mellitus. Sleep deprivation–related thyroid stim-
ulating hormone peak release indicates that sleep deprivation 
is a hypermetabolic state. 

Effects of Drugs on Sleep

Drugs that affect the central nervous system, autonomic ner-
vous system, or immune system may affect sleep architecture 
and cause sleep disorders. Many drugs are capable of these 
changes, and some are listed in Table 1.1. Alcohol, barbitu-
rates, benzodiazepines, nonbenzodiazepine GABA receptor 
agonists such as zolpidem, opioids, acetylcholinesterase inhib-
itors such as donepezil (which is used to treat Alzheimer’s 
disease), antiepileptic drugs, adrenergic α1-agonists such as 
prazosin, adrenergic α2-agonists such as clonidine, β-blockers 
such as propranolol, β-agonists such as albuterol, nonsteroidal 
antiinflammatory drugs, corticosteroids, pseudoephedrine, 
theophylline, diphenhydramine, tricyclic antidepressants, 
monoamine oxidase inhibitors, selective serotonin reuptake 
inhibitors, serotonin and norepinephrine reuptake inhibi-
tors, serotonin antagonist and reuptake inhibitors, dopamine 
and norepinephrine reuptake inhibitors, antimigraine drugs 
(triptans), and statins can all cause sleep disruption and sleep 
disorders. 

SPECIFIC SLEEP DISORDERS

Specific sleep disorders are disorders that manifest predomi-
nantly but not exclusively with sleep manifestations. They 
include disorders that manifest primarily as: (1) decreased 
sleep (insomnia), which is the most common type of sleep dis-
order, (2) increased sleep (hypersomnias), (3) abnormal sleep 
behavior (parasomnias), (4) disruptions of circadian rhythm, 
and (5) sleep-induced exacerbations of certain pathophysio-
logic problems such as sleep-related movement disorders and 
sleep-related breathing disorders (SRBDs).

Narcolepsy represents the loss of boundaries between the 
three distinct states of wakefulness, NREM sleep, and REM 
sleep. Parasomnias represent admixtures of wakefulness with 
either NREM sleep or REM sleep. The admixture of wakeful-
ness with NREM sleep results in NREM parasomnias that 
include confusional arousal, sleep terror, and sleep acting 
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(talking, walking, cooking, or eating). REM parasomnias 
include REM nightmares and REM sleep behavior disorder, 
which is REM sleep without the usual atonia, which allows 
physical enactment of dreams during REM sleep and can 
result in injury to self or others. 

PATHOGENESIS OF SLEEP-RELATED 
BREATHING DISORDERS

Pathogenesis of Obstructive Sleep Apnea

The hallmark of OSA is sleep-induced and arousal-relieved 
upper airway obstruction. The pathogenesis of this airway 
obstruction is not fully understood. Comorbid conditions that 
are associated with increased prevalence rates for OSA include 
hypertension, coronary artery disease, myocardial infarction, 
congestive heart failure, atrial fibrillation, stroke, type 2 dia-
betes mellitus, nonalcoholic steatohepatitis (NASH), polycys-
tic ovarian syndrome, Graves disease, hypothyroidism, and 
acromegaly. Predisposing factors include genetic inheritance, 
non-Caucasian race, upper airway narrowing, obesity, male 
gender, menopause, use of sedative drugs and alcohol, and 
cigarette smoking. Direct physiologic mechanisms involved in 
the pathogenesis of OSA include (1) anatomic and functional 
upper airway obstruction, (2) a decreased respiratory-related 

arousal response, and (3) instability of the ventilatory response 
to chemical stimuli.

Narrowing of the Upper Airway
Airway obstruction can be due to anatomic narrowing or to 
functional collapse of the airway or to both factors. The most 
common sites of upper airway obstruction are the retropala-
tal and retroglossal regions of the oropharynx. Obstruction 
can be due to bony craniofacial abnormalities or, more com-
monly, excess soft tissue, such as thick parapharyngeal fat pads 
or enlarged tonsils. Children have many reasons for anatomic 
upper airway narrowing, including the very common enlarge-
ment of tonsils and adenoids, as well as the much less common 
congenital airway anomalies. The latter include Pierre-Robin 
syndrome, Down syndrome, achondroplasia, Prader-Willi 
syndrome, Klippel-Feil syndrome, Arnold-Chiari malforma-
tion type II, maxillary hypoplasia, micrognathia, retrognathia, 
tracheomalacia, and laryngomalacia.

In adults, acromegaly, thyroid enlargement, and hypo-
thyroidism are additional causes of narrowing of the upper 
airway. Mallampati developed a clinical classification of oro-
pharyngeal capacity to predict difficult tracheal intubation, 
and this was later found useful in predicting the risk of OSA 
as well. For every 1-point increase in the Mallampati score, the 
odds ratio for OSA is increased by 2.5.

  �� Effects of Drugs on Sleep Architecture and Sleep Disorders
  
Drug Effect on REM Sleep Effect on Slow Wave Sleep Effect on Sleep Disorder

Alcohol ↓ ↑ Snoring and exacerbation of SRBD
Barbiturates ↓
Benzodiazepines ↓
Zolpidem ↑ NREM parasomnia
Opioids ↑ At high doses ↓ ↑ Hypoxia with OSA
Prazosin ↑ Resolves nightmares
Clonidine Induces nightmares
β-Blockers ↑ Daytime sleepiness,

Induce nightmares
Corticosteroids Insomnia

Bizarre dreams
Caffeine ↓
Amphetamine ↓ ↓ Bruxism
Tricyclic antidepressants ↓ ↑ Periodic limb movements, restless legs syndrome 

(RLS)
MAOIs ↓ To almost zero
SSRIs ↓ ↑ Periodic limb movements, RLS

↑ REM sleep without atonia
SNRIs ↑ Periodic limb movements, RLS

REM sleep behavior disorder
Trazodone ↑
Mirtazapine ↑ Periodic limb movements, RLS
Bupropion ↑ ↓ Periodic limb movements
Antipsychotics ↓ ↑ Periodic limb movements, RLS
Lithium ↓ ↑ Sleep walking
Statins Insomnia

Sleep disruption

��MAOIs, Monoamine oxidase inhibitors; NREM, non-REM sleep; OSA, obstructive sleep apnea; REM, rapid eye movement sleep; SNRIs, serotonin and norepinephrine 
reuptake inhibitors; SRBD, sleep-related breathing disorder; SSRIs, selective serotonin reuptake inhibitors.

TABLE 1.1
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Graves disease can cause OSA by extraluminal compres-
sion of the upper airway, and thyroid mass lesions can cause 
snoring, stridor, or sleep apnea. Toxic goiter may “burn out,” 
leading to hypothyroidism, which increases the risk of OSA 
by inducing obesity and macroglossia. Acromegaly increases 
the risk of OSA by maxillofacial skeletal changes, upper airway 
soft tissue enlargement (including tongue size), and obesity.

Functional collapse of the upper airway occurs when forces 
that can collapse the upper airway overcome the forces that 
can dilate the upper airway. Collapsing forces consist of intra-
luminal negative inspiratory pressure and extraluminal posi-
tive pressure. Dilating forces consist of pharyngeal dilating 
muscle tone and longitudinal traction on the upper airway by 
an increased lung volume, so-called tracheal tug. Excessive 
inspiratory efforts to help overcome upper airway obstruc-
tion can lead to even more upper airway collapse by gener-
ating excessive negative intraluminal pressure. The supine 
position enhances airway obstruction by increasing the 
effect of extraluminal positive pressure against the pharynx, 
which lacks any bony support. Sleep, particularly REM sleep, 
decreases muscle tone generally, including that of the upper 
airway, and decreases lung volume, which decreases the tra-
cheal tug effect. Patients with OSA have a more collapsible 
upper airway with altered neuromuscular control. Their upper 
airway muscles have inflammatory infiltrates and denervation 
changes, which might decrease their ability to dilate the airway 
during sleep.

The respiratory-related arousal response is stimulated by 
(1) hypercapnia, (2) hypoxia, (3) upper airway obstruction, 
and (4) the work of breathing, which is the most reliable stim-
ulator of arousal. 

Obesity
Obesity is a risk factor for OSA in all age groups. A 10% 
increase in body weight is associated with a 6-fold increase 
in the odds of having OSA and a 32% increase in the apnea-
hypopnea index. A 10% weight loss is associated with a 26% 
decrease in the apnea-hypopnea index. Besides affecting the 
size of subcutaneous cervical fat, obesity could be associated 
with increased amounts of fat in the tongue and larger para-
pharyngeal fat pads. 

Genetic Factors
Genes can affect the pathogenesis of OSA by influencing the 
regulation of sleep, breathing, energy metabolism, and cranio-
facial anatomy; certain alleles have been found to be associ-
ated with OSA. Heredity as a factor in OSA development is 
suggested by familial aggregation of cases of OSA. 

Pathogenesis of Central Sleep Apnea

Central sleep apnea (CSA) refers to sleep apnea that is not asso-
ciated with respiratory efforts during the apnea event. This 
absence of respiratory effort could be due to instability of neu-
ral control of respiration, weakness of respiratory muscles, or 

both. Instability of respiratory control may include increased, 
decreased, or oscillating respiratory drive.

Primary/Idiopathic Central Sleep Apnea
Primary/idiopathic CSA has an unknown cause and manifests 
as periodic breathing with a cycle length composed of apnea 
plus the subsequent hyperpnea. There is then an oscillation 
between hyperventilation and apnea. Increased chemosensi-
tivity to Pco2 predisposing to respiratory control system insta-
bility may be the underlying pathogenesis. 

Secondary Central Sleep Apnea
The most common form of secondary CSA is narcotic-
induced CSA, which is encountered in up to half of patients 
using opioids chronically. It can manifest either as periodic 
Biot’s breathing or irregular ataxic breathing. The latter is usu-
ally associated with significant hypoxia and prolonged apnea. 

Central Sleep Apnea With Cheyne-Stokes Breathing
CSA with Cheyne-Stokes breathing was the first form of a 
sleep-related breathing disorder to be described. In 1818 
John Cheyne described the periodic nature of breathing in an 
obese patient who suffered from a stroke and heart failure. He 
described the patient as:

A.B., sixty years, of a sanguine temperament, circular 
chest, and full habit of body, for years had lived a very 
sedentary life, while he indulged habitually in the luxuries 
of the table….The patient suddenly developed palpitations 
and displayed signs of severe congestive heart failure. The 
only particularity in the last period of his illness, which 
lasted eight or nine days, was in the state of respiration. 
For several days his breathing was irregular; it would 
entirely cease for a quarter of a minute, then it would 
become perceptible, though very low, then by degrees it 
became heaving and quick, and then it would gradually 
cease again. This revolution in the state of his breathing 
occupied about a minute…this symptom, as occurring in 
its highest degree, I have only seen during a few weeks pre-
vious to the death of the patient.
Congestive heart failure, stroke, and atrial fibrillation are 

the three most common conditions during which CSA with 
Cheyne-Stokes breathing is encountered. It is postulated that 
a significant decrease in ejection fraction and consequent 
increase in circulation time is at least partially responsible 
for this condition. The pathophysiology of this form of peri-
odic breathing is described in terms of its four cyclical com-
ponents: hypopnea, apnea, hypoxia, and hyperventilation 
(Fig. 1.1). 

Pathogenesis of Sleep-Related Hypoventilation 
Disorders

Sleep-related hypoventilation disorders can be primary 
or due to a comorbid illness. Primary forms are rare and 
include the obesity hypoventilation syndrome (OHS/
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Pickwickian syndrome) and central alveolar hypoventila-
tion syndrome/Ondine’s curse. Comorbid forms are more 
common, since they are usually associated with (1) com-
mon respiratory diseases, such as chronic obstructive pul-
monary disease (COPD) or the overlap syndrome (COPD 
plus OSA); (2) drug-induced respiratory depression; (3) 
neurologic disorders such as amyotrophic lateral sclerosis, 
spinal cord injury, or postpolio syndrome; (4) neuromus-
cular disorders; and (5) restrictive chest wall disorders such 
as kyphoscoliosis. The clinical features of OHS include: (1) 
marked obesity, (2) somnolence, (3) twitching, (4) cyanosis, 
(5) periodic respiration, (6) secondary polycythemia, (7) 
right ventricular hypertrophy, and (8) right ventricular fail-
ure/cor pulmonale. OHS is characterized by hypoventilation 
during wakefulness, which worsens in the supine position 
and during sleep. 

Pathogenesis of Sleep-Related Hypoxemia 
Disorder

Sleep-related hypoxemia disorder is due to exacerbation of 
diurnal hypoxemia due to cardiopulmonary disease. 

PATHOPHYSIOLOGIC CONSEQUENCES OF 
SLEEP-RELATED BREATHING DISORDERS

Pathophysiologic Consequences of Obstructive 
Sleep Apnea

Cardiovascular Consequences (Table 1.2)
The pathophysiology of OSA is the result of three immediate 
events: apnea episodes, arousals, and increased respiratory 
effort. Direct and indirect effects of these events can interact 
and produce significant acute and chronic cardiac, neurologic, 
and metabolic morbidity and mortality.

Apneic and hypopneic episodes result in hypoxia, which 
can be prolonged and severe. OSA-induced hypoxia and 
reoxygenation cycles activate redox-sensitive genes, oxida-
tive stress, inflammatory processes, the sympathetic nervous 
system, and the coagulation cascade, all of which can con-
tribute to endothelial dysfunction and ultimately to systemic 
hypertension, pulmonary hypertension, atherosclerosis, right 
and left ventricular systolic and diastolic dysfunction, coro-
nary artery disease, congestive heart failure, atrial fibrillation, 
stroke, and sudden cardiac death.

Arousal episodes lead to increased sympathetic system 
activity and decreased parasympathetic system activity, which 
results in increases in heart rate, left ventricular afterload, 
myocardial oxygen consumption, dysrhythmias, myocardial 
toxicity, and apoptosis. Arousal episodes lead to nonrestor-
ative sleep and chronic sleep deprivation, which are also asso-
ciated with increased sympathetic activity, inflammation, and 
a hypermetabolic state.

Increased inspiratory efforts can result in large swings in 
negative intrathoracic pressure, which are transmitted to the 
heart, lungs, and great vessels. The increase in transmural pres-
sure in these structures can have multiple detrimental effects.

Swedish national data found that OSA is associated with an 
increased prevalence of coronary artery disease and that treat-
ment of OSA reduces this risk. Untreated moderate to severe 
OSA is associated with an increased risk of repeat revascu-
larization after percutaneous coronary intervention, and suc-
cessful treatment of the OSA reduces this risk. OSA patients 
having coronary artery bypass surgery have an increased risk 

Depth of 
respiration

Respiratory
center excited

PCO2 of
respiratory
neurons

PCO2 of
lung blood

FIG. 1.1  Proposed underlying pathophysiology of Cheyne-Stokes 
breathing showing changing Pco2 in the pulmonary blood (red line) 
and delayed changes in the Pco2 of the fluids of the respiratory cen-
ter (blue line). (From Hall JE. Regulation of respiration. In: Hall JE, 
ed. Guyton and Hall Textbook of Medical Physiology. 13th ed. 
Philadelphia: Elsevier; 2016:539.)

  �� Cardiovascular Consequences of Obstructive Sleep Apnea
  
Immediate results Hypoxemia, hypercarbia Arousal Reduced pleural pressure
Intermediate-term clinical 

consequences
Decreased oxygen delivery
Oxidative stress
Inflammation
Hypercoagulability
Pulmonary vascular constriction

Sympathetic activation
Parasympathetic inactivation

Increased transmural pressure on 
heart and great vessels

Long-term clinical conse-
quences

Cardiac dysfunction
Endothelial dysfunction
Increased right ventricular 

afterload
Right ventricular hypertrophy

Tachycardia
Hypertension
Increased left ventricular afterload
Increased myocardial oxygen 

consumption
Myocardial toxicity
Dysrhythmias

Increased right and left ventricular 
afterload

Dysrhythmias,
Aortic dilatation
Increased lung water

TABLE 1.2
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of major adverse perioperative cardiac and cerebrovascular 
events. They also have a greater risk of significant dysrhyth-
mias and atrial fibrillation in this setting. 

Neurologic Consequences
The EEG changes of chronic sleep deprivation include overall 
slowing of the EEG, a decrease in deeper stages of sleep, and a 
compensatory increase in lighter stages of sleep. Psychomotor 
vigilance task testing demonstrates an increase in the num-
ber of lapses. OSA-induced disruption of sleep is associated 
with extensive daytime sleepiness, a decrease in cognition 
and performance (attention, memory, executive functioning), 
decreased quality of life, mood disorders, and increased rates 
of motor vehicle collisions. Caffeine consumption in OSA 
patients could be a behavioral compensatory mechanism to 
overcome their daytime sleepiness.

The mortality impact of OSA is evident in moderate to 
severe OSA. The economic impact is due to increased health-
care utilization, decreased productivity, and years of potential 
life lost. It is estimated that the yearly incidence of OSA-related 
motor vehicle accidents alone costs about $16 billion and 1400 
lost lives. Treating all drivers with OSA with positive airway 
therapy (at a cost of ≈ $3 billion a year) would save about $11 
billion and about 1000 lives. 

Metabolic Consequences
With OSA, multiple mechanisms interact to produce meta-
bolic derangements and disorders that can worsen OSA and 
produce a vicious cycle that must be broken by treating both of 
its elements. Pathophysiologic mechanisms of these metabolic 
derangements include hypoxic injury, systemic inflamma-
tion, increased sympathetic activity, alterations in hypotha-
lamic-pituitary-adrenal function, and hormonal changes. The 
metabolic derangements include insulin resistance, glucose 
intolerance, and dyslipidemia. Metabolic disorders include 
type 2 diabetes mellitus, central obesity, and metabolic syn-
drome. OSA is encountered in 50% of patients with NASH and 
in 30%–50% of patients with polycystic ovarian syndrome. 

Pathophysiologic Consequences of Central 
Sleep Apnea

Unlike OSA events, CSA respiratory events are not associated 
with increased respiratory effort and may terminate with-
out arousal. Nevertheless, they are associated with hypoxia 
that can be severe and prolonged and can be associated with 
severe sleep disruption, including difficulty in establishing or 
maintaining a refreshing sleep state. The combination of sleep 
deprivation and hypoxia results in many associated cardiovas-
cular, neurologic, and metabolic derangements. 

Pathophysiologic Consequences of Sleep-
Related Hypoventilation Disorders

About 90% of patients with OHS also have some degree of 
OSA, exacerbating their degree of hypoxia and hypercarbia. 

The major consequences of hypoxia and hypercarbia include 
pulmonary hypertension, cor pulmonale, and an increased 
risk of sudden unexplained nocturnal death. Patients with 
interstitial lung disease (e.g., interstitial pulmonary fibrosis) 
usually suffer from even more severe hypoxia and sleep dis-
ruption than those with COPD. 

PREVALENCE OF SLEEP-RELATED 
BREATHING DISORDERS

Sleep-related breathing disorders are the second most com-
mon category of sleep disorders (after insomnia disorder) and 
are the most common sleep disorders encountered in sleep 
medicine clinics. OSA accounts for about 90% of sleep-related 
breathing disorders. Snoring is more common than OSA and 
is the most common reason for referral for a sleep study.

Prevalence of Obstructive Sleep Apnea

In 2014 the American Academy of Sleep Medicine (AASM) 
estimated that OSA affects at least 25 million adults in the 
United States. The proportion of OSA patients who are not 
clinically diagnosed is estimated to be roughly 80% among men 
and 90% among women. Patients with hypertension (includ-
ing drug-resistant hypertension), type 2 diabetes mellitus, 
coronary artery disease, atrial fibrillation, permanent pace-
makers, various forms of heart block, congestive heart failure, 
a history of stroke, and those coming for bariatric surgery have 
a much greater prevalence of OSA than the general popula-
tion, and many of them are undiagnosed. 

Prevalence of Central Sleep Apnea

CSA is not common. About 50% of cases of CSA are found in 
patients with congestive heart failure. Other common comor-
bidities include chronic renal failure, stroke, multiple sclero-
sis, neuromuscular disorders, chronic opioid use, and living at 
higher altitudes. 

Prevalence of Obesity Hypoventilation 
Syndrome

OHS has an estimated prevalence of 0.15%–0.3% in the gen-
eral population, with higher rates among women than men, 
probably owing to higher rates of obesity among women than 
men. 

DIAGNOSIS OF SLEEP-RELATED 
BREATHING DISORDERS

The diagnosis of a sleep-related breathing disorder is based on 
criteria established by professional organizations, which also 
provide classifications of sleep disorders. The International 
Classification of Diseases, 10th edition (ICD-10), is devel-
oped by the World Health Organization and adopted by many 
government and billing organizations. The ICD-10 divides 
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sleep disorders into six categories: insomnias, hypersomnias, 
parasomnias, circadian rhythm sleep disorders, sleep-related 
movement disorders, and sleep-related breathing disorders. 
The latter are further divided into four categories: OSA, CSA, 
sleep-related hypoventilation disorders, and sleep-related 
hypoxemia disorder.

Polysomnography

Polysomnography (PSG) can be used to differentiate CSA 
from OSA; assess its severity; detect associated hypoventi-
lation and hypoxia; detect associated EEG, ECG, and limb 
movement events; and, when indicated, titrate positive airway 
pressure (PAP) therapy and perform follow-up assessments 
of any implemented therapy for the sleep-related breath-
ing disorder. Rules for performing and interpreting PSG are 
published in the AASM Manual for the Scoring of Sleep and 
Associated Events. The manual covers the performance and 
interpretation of polysomnographic studies and home sleep 
apnea testing. The impact of these rules extends beyond per-
forming and scoring an individual sleep study. These rules also 
affect diagnosis rates, which then affect calculations in epide-
miologic studies and the implementation of individual and 
public health therapeutic interventions.

Standard PSG consists of simultaneous recording of mul-
tiple (7–12) physiologic parameters during a full night of sleep 
in a sleep laboratory with a sleep technologist in attendance 
(Table 1.3). It should contain 6 or more hours of recordings. 
The recorded PSG study is divided into 30-second periods 
called epochs for scoring purposes. During scoring, each indi-
vidual epoch must be scored for sleep stage and any respiratory 
events such as apnea or hypopnea with or without obstruction, 
cardiac or limb events, and associated arousal. Respiratory 
events are scored if they last 10 seconds or longer (Table 1.4).

Sleep apnea testing can be done in several ways, each with 
a decreasing degree of complexity: level 1 testing is PSG; level 

2 testing is unattended PSG done at home (rarely done); level 
3 testing is home apnea testing in combination with an acti-
graph (a device that keeps track of movements as an assess-
ment of sleep state); and level 4 testing uses 1–2 channels to 
monitor pulse oximetry and airflow. Level 4 testing is inad-
equate for a diagnosis of OSA, since it lacks information about 
respiratory effort.

Overnight home oximetry is an example of a level 4 home 
sleep apnea test. Data derived from this monitoring include 
the hourly frequency of a drop in Sao2 by 3% or more and the 
T90, which is the total time spent with an oxygen saturation of 
less than 90%. 

Morphometric Models

The association of anatomic risk factors with sleep apnea has 
been used to produce morphometric models to predict the 
likelihood of OSA. One morphometric model uses the triad 
of BMI, neck circumference, and oral cavity measurements 
and has a very high sensitivity and specificity. The oral cav-
ity measurements include palatal height, maxillary intermo-
lar distance, mandibular intermolar distance, and overjet (the 
horizontal distance between the edge of the upper incisors and 
the labial surface of the lower incisors). Note that overjet is not 
the same as overbite. 

Questionnaires

Multiple tools in the form of questionnaires have been devel-
oped for screening populations for OSA. The Epworth Sleepi-
ness Scale is used to assess excessive daytime sleepiness. The 
Berlin Questionnaire has three categories assessing snoring, 
sleepiness, and risk factors. The AASM developed a 10-item 
questionnaire to detect classic symptoms of OSA, and a 6-item 
checklist to identify patients who are at high risk for OSA. The 
American Society of Anesthesiologists (ASA) created an OSA 

  �� Physiologic Functions Studied During 
Polysomnography

  
Electroencephalogram to measure and evaluate sleep stages
Electrooculogram to measure eye movements
Chin electromyogram to measure muscle tone and the presence 

of REM sleep without atonia
Limb electromyogram to detect periodic limb movements and 

restless legs syndrome
Electrocardiogram to detect dysrhythmias
Upper airway sound recording to detect snoring
Nasal and oral airflow via a thermal sensor to detect apnea
Nasal airflow via a pressure sensor to detect hypopnea and  

arousals
Thoracoabdominal inductance plethysmography to detect  

respiratory efforts
Pulse oximeter to detect oxygen saturation/desaturation
Capnography to detect hypercarbia/hypoventilation
Body position sensor to note body position effects
Video recording or sleep technologist observation to detect  

parasomnias

TABLE 1.3   �� Rules for Scoring Respiratory Events During 
Polysomnography in Adults

  
Respiratory Event Scoring Criteria

Obstructive apnea Apnea for longer than 10 seconds with a ≥ 
90% air flow reduction despite respira-
tory effort

Central apnea Apnea for longer than 10 seconds with a ≥ 
90% air flow reduction without respira-
tory effort

Hypopnea A > 30% reduction in air flow for longer 
than 10 seconds associated with a ≥ 3% 
decline in oxygen saturation OR arousal

Hypoventilation A 10-minute period with a Pco2 > 55 mm 
Hg or a ≥ 10 mm Hg increase in Pco2 to 
≥ 50 mm Hg

Periodic breathing ≥3 consecutive cycles of Cheyne-Stokes 
breathing with a cycle length ≥ 40 sec-
onds or ≥ 5 episodes of Cheyne-Stokes 
breathing in 2 hours

TABLE 1.4
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checklist with three categories: predisposing physical charac-
teristics, history of apparent airway obstruction during sleep, 
and somnolence. Chung et al. used an acronym of some of the 
clinical features and risk factors of OSA to develop the STOP-
BANG scoring model. The acronym STOP stands for Snor-
ing, Tired (daytime sleepiness), Observed apnea, and high 
blood Pressure; and the acronym BANG stands for BMI 35 
or greater, Age 50 years or older, Neck circumference 40 cm 
(17 inches) or larger, and male Gender. Ramachandran et al. 
developed the Perioperative Sleep Apnea Prediction (P-SAP) 
score based on logistic regression analysis of surgical patient 
data. It has nine elements: age, male gender, obesity, snoring, 
diabetes mellitus type 2, hypertension, thick neck, Mallampati 
class 3 or greater, and reduced thyromental distance. (These 
questionnaires are available as appendixes to this chapter in 
Expert Consult online.)

Compared to PSG, most questionnaires demonstrate a trade
off between sensitivity and specificity, with a trend toward 
decreased specificity as the questionnaire score increases or 
the severity of OSA increases. 

Criteria for the Diagnosis of Obstructive Sleep 
Apnea in Adults

Elements of the diagnosis of adult OSA include: (1) signs and 
symptoms such as extreme daytime sleepiness, fatigue, insom-
nia, snoring, subjective nocturnal respiratory disturbance, 
and observed apnea; (2) associated medical or psychiatric 
disorders such as hypertension, coronary artery disease, atrial 
fibrillation, congestive heart failure, stroke, diabetes mellitus, 
cognitive dysfunction, and mood disorders; and (3) predomi-
nantly obstructive respiratory events recorded during sleep 
center nocturnal PSG or during out-of-center sleep testing. 
The sum of apnea and hypopnea events per hour is defined as 
the apnea-hypopnea index (AHI). The sum of apnea, hypop-
nea, and arousal events is defined as the respiratory disturbance 
index (RDI).

Clinical findings of OSA in adults can be divided into three 
categories: (1) anatomic features; (2) nocturnal and diurnal 
signs and symptoms of OSA, including loud snoring, gasping, 
choking, breath-holding, breathing interruption, insomnia, 
restless sleep, nocturia, bruxism, morning headache, non-
refreshing sleep, fatigue, decreased cognitive and executive 
function, depression and irritability; and (3) commonly asso-
ciated comorbidities. 

Criteria for the Diagnosis of Central Sleep 
Apnea

Clinical findings of CSA can be divided into two categories: 
(1) nocturnal and diurnal signs and symptoms, including 
insomnia, frequent nocturnal awakenings with breath-hold-
ing, gasping or choking, mild snoring, breathing interrup-
tions reported by bed partner, nonrestorative sleep, fatigue, 
and excessive daytime sleepiness; and (2) clinical findings of 
associated comorbidities, including neuromuscular diseases, 

congestive heart failure, stroke, end-stage renal disease, and 
opioid use. PSG will show apneic periods without respiratory 
efforts. 

Criteria for the Diagnosis of Sleep-Related 
Hypoventilation Disorders

Clinical findings in patients with sleep-related hypoventilation 
disorders can be divided into three categories: (1) specific signs 
and symptoms of diseases associated with an increased likeli-
hood of a hypoventilation disorder, including neuromuscular 
diseases such as amyotrophic lateral sclerosis, postpolio syn-
drome, and facial muscle weakness in muscular dystrophy; (2) 
clinical findings due to chronic hypoxia (plethora) and hyper-
capnia; and (3) clinical findings due to systemic complications 
of chronic hypoxia and hypercapnia, including polycythemia, 
right heart failure, liver congestion, and peripheral edema. The 
BMI is typically over 30 kg/m2. PSG will demonstrate signifi-
cant increases in Pco2 during both wakefulness and sleep. 

Criterion for the Diagnosis of Sleep-Related 
Hypoxemia Disorder

The criterion for diagnosis of this disorder is 5 minutes of a 
sleep-related decrease in oxygen saturation to less than 88% 
with or without hypoventilation. 

TREATMENT OF SLEEP-RELATED 
BREATHING DISORDERS

Treatment of Obstructive Sleep Apnea

Because of its high prevalence rate and a general lack of diag-
nosis, the first step in management of OSA is detection. In cases 
of suspected obstructed sleep apnea, objective testing should 
be performed to confirm the diagnosis and assess its severity 
using PSG. Testing should be followed by patient education, 
initiation of treatment, and long-term follow-up to assess the 
effect of therapy.

Positive Airway Pressure Therapy
The PAP device is an air compressor that delivers air pres-
surized to specific levels. The device-patient interface can be 
a facemask, a nasal mask, or nasal pillows. PAP can be con-
tinuous (CPAP), bilevel (BiPAP) or autotitrating (APAP). The 
goal of PAP titration is to select the lowest airway pressure 
that would eliminate all respiratory events, including apneas, 
hypopneas, arousals, and snoring, so that the respiratory dis-
turbance index decreases to less than 5 per hour, with accept-
able oxygenation (Spo2 ≥ 90%) and an acceptable mask leak 
level. Suggested mechanisms for the efficacy of PAP therapy 
include (1) increasing the pharyngeal transmural pressure 
(pneumatic splint effect), (2) reducing pharyngeal wall thick-
ness and airway edema, (3) increasing airway tone by mecha-
noreceptor stimulation, and (4) increasing end-expiratory 
lung volume and producing a tracheal tug effect.
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CPAP consists of a single fixed PAP that is maintained 
during both inhalation and exhalation. BiPAP consists of 
two fixed airway pressures: a higher inspiratory pressure and 
a lower expiratory pressure. The transition from inspiratory 
to expiratory pressure is based on the machine’s detection of 
expiratory effort. BiPAP mode allows a lower expiratory pres-
sure than what would be required with CPAP. BiPAP is an 
alternative therapy for OSA in patients requiring high levels of 
PAP who have difficulty exhaling against a fixed pressure, or 
who develop gastric distention from swallowing air while on 
CPAP, or who have co-existing central hypoventilation.

PAP therapy can be titrated either manually or automatically. 
Manual in-laboratory, PSG-guided, full night titration of fixed 
PAP is considered the norm. APAP titration consists of a single 
variable PAP that is maintained during both inhalation and 
exhalation, with variation from breath to breath according to 
the presence or absence of apnea, hypopnea, or snoring. APAP 
is an acceptable alternative for the treatment of uncomplicated 
moderate to severe OSA that is associated with snoring. APAP 
mode may improve patient adherence and may minimize the 

average airway pressure by allowing higher PAP during periods 
of greater obstruction, such as the supine position and REM 
sleep, and lower PAP during periods of lesser obstruction.

Expiratory positive airway pressure (EPAP) devices are dis-
posable adhesive valves that direct exhaled airflow into small 
channels to increase resistance to exhalation and thereby cre-
ate a degree of expiratory positive airway pressure. 

Oral Appliance Therapy
Oral appliance therapy is considered second-tier treatment 
in the management of OSA. The most common forms of oral 
appliances for OSA treatment include mandibular advancement 
devices and tongue retaining devices. Mandibular advancement 
devices are usually custom-made devices that are fitted to the 
teeth like a mouth guard and act to advance and stabilize the 
mandible to increase upper airway capacity (Fig. 1.2). Tongue 
retaining devices advance and retain the tongue in an anterior 
position by holding it in a suction cup placed over the front 
teeth. (See video at aveotsd.com.) Mandibular advancement 
devices are more costly but have greater efficacy and patient 

A

C

B

FIG. 1.2  An oral appliance (mandibular advancement device) for use in obstructive sleep apnea. 
A, Device. B, Natural occlusion of this patient. C, Mandibular advancement device in position. Note 
the forward movement of the lower teeth/jaw with this device. (From Marcussen L, Henriksen JE, 
Thygesen T. Do mandibular advancement devices influence patients’ snoring and obstructive sleep 
apnea? A cone-beam computed tomography analysis of the upper airway volume. J Oral Maxil-
lofacial Surg. 2015;73:1816-1826.)
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compliance. Oral appliance therapy is indicated for the treat-
ment of snoring, mild to moderate OSA, and selected cases of 
moderate to severe OSA, such as that due predominantly to the 
supine position or to a disproportionally large tongue relative to 
oral cavity capacity. This modality has been shown to be effec-
tive in reducing sleep interruption, daytime sleepiness, neuro-
cognitive impairment, and cardiovascular complications. Side 
effects include excessive salivation, temporomandibular joint 
discomfort, and long-term occlusion changes.

Hypoglossal nerve stimulation uses a nerve stimula-
tor that is implanted in the chest and has electronic sensing 
leads implanted between the internal and external intercostal 
muscles in the fourth intercostal space. These sensors detect 
breathing and signal the device to stimulate the hypoglos-
sal nerve during inhalation, which results in enlargement of 
upper airway capacity. The system is turned on by the patient 
before going to sleep and turned off upon awakening. 

Surgical Therapy
Surgical treatment of the airway in the form of tracheostomy 
is the oldest form of therapy for OSA and has a very high rate 
of efficacy. However, its invasiveness is its major deterrent. In 
adults, in whom anatomic causes of OSA are relatively uncom-
mon, airway surgery treatment for OSA is considered third-
tier therapy. These surgical procedures target soft tissue and 
bony tissue to enlarge airway capacity at the levels of the nose, 
palate, and/or tongue base and include maxillomandibular 
advancement, laser-assisted uvulopalatoplasty, uvulopalato-
pharyngoplasty, and palatal implants.

Bariatric surgery aims to restrict caloric intake or absorp-
tion or both. Bariatric surgery can be the sole therapy or an 
adjunctive treatment to PAP therapy in patients with morbid 
obesity associated with OSA or OHS. Screening for OSA should 
be performed in all patients undergoing bariatric surgery. 

Medical Therapy
Adjunctive medical therapy for OSA can be used in combina-
tion with any of the other forms of OSA therapy: PAP, oral 
appliances, or surgery. These adjuncts include diet, exercise, 
positional therapy, avoidance of alcohol and sedatives before 
sleep, supplemental oxygen, and pharmacologic therapy, such 
as with a stimulant drug like modafinil (Provigil). Positional 
therapy consists of devices that discourage or prevent the 
patient from sleeping in the supine position.

Comorbid conditions should be treated. Thyroid disorders 
should be treated surgically, medically, or both as indicated. 
Acromegaly should be treated surgically, medically, or both 
as indicated. Bromocriptine and somatostatin therapy can 
reduce the apnea-hypopnea index in patients with acromeg-
aly by 50%–75%. However, continued PAP therapy is usually 
required owing to persistent skeletal changes. 

Treatment of Central Sleep Apnea

In CSA related to congestive heart failure, first-tier therapy con-
sists of CPAP therapy and nocturnal oxygen supplementation. 

This can be augmented with BiPAP or drug therapy with 
acetazolamide and theophylline after medical optimization 
of congestive heart failure. Therapies for CSA associated with 
end-stage renal disease include CPAP, supplemental oxygen, 
use of bicarbonate during dialysis, and nocturnal dialysis. 

Treatment of Sleep-Related Hypoventilation 
Disorders

Treatment of sleep-related hypoventilation disorders should 
enhance airway patency and ventilation, which is best achieved 
using noninvasive positive pressure ventilation (NIPPV) in one 
of three modes: (1) spontaneous mode, in which the patient 
cycles the device from inspiratory PAP to expiratory PAP; 
(2) spontaneous timed mode, in which a backup rate delivers 
PAP for a set inspiratory time if the patient does not trigger 
the device within a set period of time; and (3) timed mode, in 
which both the inspiratory time and respiratory rate are fixed. 
NIPPV is recommended for the treatment of hypoventilation 
due to any sleep-related breathing disorder. 

PERIOPERATIVE CONSIDERATIONS 
IN PATIENTS WITH SLEEP-RELATED 
BREATHING DISORDERS

Management of sleep-related breathing disorders are a topic of 
special interest within the specialties of anesthesiology and sleep 
medicine. In 2011 this combined interest by the two specialties 
resulted in the establishment of the Society of Anesthesia and 
Sleep Medicine (SASM), which is an international society with 
a stated mission “to advance standards of care for clinical prob-
lems shared by Anesthesiology and Sleep Medicine, including 
perioperative management of sleep disordered breathing, and 
to promote interdisciplinary communication, education and 
research in matters common to anesthesia and sleep.”

The prevalence of OSA among surgical patients is higher 
than the overall prevalence of 2%–4% in the general popula-
tion. The perioperative period can exacerbate sleep-related 
breathing disorders because of (1) sleep deprivation due to 
anxiety, pain, alterations in circadian rhythms, and nursing 
interventions; (2) REM sleep rebound, which worsens OSA; 
and (3) the suppressant effects of anesthetics, sedatives, and 
analgesics on airway patency, respiratory drive, and arousal. 
The effect of sleep-disordered breathing on perioperative out-
comes has been the subject of many observational studies and 
systematic reviews, with conflicting findings based on study 
population, examined outcomes, and study design. The evi-
dence is, however, mostly negative. 

PRACTICE GUIDELINES FOR 
PERIOPERATIVE MANAGEMENT OF 
PATIENTS WITH OBSTRUCTIVE SLEEP 
APNEA

The AASM, the ASA, and the Society for Ambulatory Anes-
thesia (SAMBA) have provided practice parameters for the 
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perioperative management of OSA patients. Algorithms for 
the perioperative management of OSA patients have also been 
developed by individual groups.

In 2003 the AASM published a statement for the peri-
operative management of OSA in which it indicated that 
the literature is insufficient to develop standards-of-prac-
tice recommendations, and that the statement was based 
on a consensus of clinical experience and published peer-
reviewed medical evidence that, unfortunately, was scanty 
and of limited quality. The statement provided an introduc-
tion about OSA and listed the most common factors that 
contribute to increased perioperative risk in OSA patients, 
including: (1) increased risk of upper airway obstruction 
and respiratory depression due to effects of sedative, anes-
thetic, and narcotic medications; (2) decreased functional 
residual capacity (FRC) and decreased oxygen reserve due 
to obesity; and (3) the cardiopulmonary effects of OSA. 
It described the symptoms and signs of OSA, as well as a 
description of CPAP therapy, and provided a questionnaire 
and checklist for preoperative recognition of patients who 
are at high risk for OSA. The AASM also detailed recom-
mendations for intraoperative and postoperative patient 
care, including transfer of care.

In 2006 the ASA developed comprehensive practice guide-
lines for the perioperative management of OSA patients and 
updated them in 2014. These guidelines provide a checklist 
for preoperative identification and assessment of OSA and 
detailed recommendations covering the areas of preopera-
tive evaluation, considerations for inpatient versus outpatient 
surgery, preoperative preparation, intraoperative manage-
ment, postoperative management, and criteria for discharge to 
unmonitored settings.

In 2012, SAMBA produced a consensus statement on 
preoperative selection of adult patients with OSA scheduled 
for ambulatory surgery, which concluded that patients with 
known OSA might be considered for ambulatory surgery 
if they were medically optimized and could use their CPAP 
postoperatively. Patients with presumed OSA could be consid-
ered for ambulatory surgery if they could be managed with 
nonopioid analgesia perioperatively.

The elements of the practice parameters for perioperative 
care of patients with OSA are noted in Table 1.5. 

PERIOPERATIVE OPIOID-INDUCED 
RESPIRATORY DEPRESSION

The Anesthesia Patient Safety Foundation (APSF) made peri-
operative opioid-induced respiratory depression a top priority 
in 2006. In 2011 it held its second conference on this sub-
ject and focused on monitoring for this entity. The executive 
summary of this conference recommended that “all patients 
receiving postoperative opioid analgesia should have periodic 
assessment of level of consciousness and continuous monitor-
ing of oxygenation by pulse oximetry,” and if supplemental 
oxygen is provided, “continuous monitoring of ventilation by 
capnography (PETCO2) or an equivalent method.”

In 2009 the ASA provided “Practice Guidelines for the Pre-
vention, Detection, and Management of Respiratory Depres-
sion Associated with Neuraxial Opioid Administration.” These 
were updated in 2016. Like the APSF, the ASA recommended 
that all patients receiving neuraxial opioids be monitored for 
adequacy of ventilation, oxygenation, and level of consciousness, 
with increased monitoring for patients with high-risk condi-
tions, including unstable medical conditions, obesity, OSA, 
concomitant administration of opioid analgesics or hypnotics 
by other routes, and extremes of age. They also recommended 
administering supplemental oxygen to patients with an altered 
level of consciousness, respiratory depression, or hypoxemia, 
and having resuscitative measures available as needed, includ-
ing narcotic reversal drugs and NIPPV. 

KEY POINTS

	•	� Electroencephalography (EEG) is an important method of 
studying wakefulness and sleep and defining sleep stages. 
The electrical activity of the brain can be categorized into 
three states: wakefulness, rapid eye movement (REM) 
sleep, and non-REM (NREM) sleep. The latter can be fur-
ther categorized into three stages: N1, N2, and N3, accord-
ing to the progressive decrease in frequency and increase in 
amplitude of EEG waveforms. Muscle tone as measured by 
electromyography is normal during wakefulness, decreased 
during NREM sleep, and abolished during REM sleep.

	•	� NREM sleep maintains homeostasis and autonomic stabil-
ity at low energy levels—that is, with a low basic metabolic 
rate and a decreased heart rate, cardiac output, and blood 
pressure. Hormonal secretion is maintained.

	•	� REM sleep impairs homeostasis and disrupts autonomic 
stability. REM-induced autonomic instability manifests as 
irregularity in the heart rate, cardiac output, blood pressure 
and tidal volume, and suppression of cardiac and respira-
tory chemoreceptor and baroreceptor reflexes. REM sleep 
is associated with skeletal muscle atonia affecting all skel-
etal muscles, including upper airway dilator muscles and 
intercostal muscles, but with significant sparing of the 
diaphragm.

	•	� Specific sleep disorders are disorders that manifest pre-
dominantly but not exclusively with sleep manifestations. 
They include disorders that manifest primarily as: (1) 
decreased sleep (insomnia), which is the most common 
type of sleep disorder, (2) increased sleep (hypersomnias), 
(3) abnormal sleep behavior (parasomnias), (4) disruptions 
of circadian rhythm, and (5) sleep-induced exacerbations 
of certain pathophysiologic problems such as sleep-related 
movement disorders and sleep-related breathing disorders.

	•	� The hallmark of obstructive sleep apnea (OSA) is sleep-
induced and arousal-relieved upper airway obstruction.

	•	� Functional collapse of the upper airway occurs when forces 
that can collapse the upper airway overcome the forces that 
can dilate the upper airway. Collapsing forces consist of 
intraluminal negative inspiratory pressure and extralumi-
nal positive pressure. Dilating forces consist of pharyngeal 
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dilating muscle tone and longitudinal traction on the upper 
airway by an increased lung volume, so-called tracheal tug.

	•	� Central sleep apnea refers to sleep apnea that is not associ-
ated with respiratory efforts during the apnea event. This 
absence of respiratory effort could be due to instability of 
neural control of respiration, weakness of respiratory mus-
cles, or both. Instability of respiratory control may include 
increased, decreased, or oscillating respiratory drive.

	•	� Apneic and hypopneic episodes result in hypoxia, which 
can be prolonged and severe. OSA-induced hypoxia and 

reoxygenation cycles activate redox-sensitive genes, oxi-
dative stress, inflammatory processes, the sympathetic 
nervous system, and the coagulation cascade, all of which 
can contribute to endothelial dysfunction and ultimately 
to systemic hypertension, pulmonary hypertension, ath-
erosclerosis, right and left ventricular systolic and diastolic 
dysfunction, coronary artery disease, congestive heart fail-
ure, atrial fibrillation, stroke, and sudden cardiac death.

	•	� Polysomnography can be used to differentiate CSA from 
OSA, assess its severity, detect associated hypoventilation 

  �� Perioperative Management of the Patient With Obstructive Sleep Apnea
  
Potential Sources of Perioperative Risk Perioperative Risk Mitigation

Lack of institutional protocol for periopera-
tive management of sleep apnea patients

Develop and implement institutional protocol for perioperative management of sleep apnea 
patients.

Patients with a known diagnosis of obstruc-
tive sleep apnea (OSA)

Know sleep study results.
Know the therapy being used: oral appliance, positive airway pressure (PAP) with settings 

(mode, pressure level, supplemental oxygen if any).
Consult sleep medicine specialist as needed.

Patients without a diagnosis of OSA Use a screening tool to determine the likelihood of OSA: AASM questionnaire, ASA checklist, 
Berlin questionnaire, or STOP-BANG questionnaire.

Inpatient versus outpatient surgery Decisions based on institutional protocol containing factors related to: (1) patient, (2) proce-
dure, (3) facility, and (4) postdischarge setting

Preoperative lack of optimization of therapy 
for OSA

Consult sleep medicine specialist to optimize therapy.

Preoperative sedative-induced airway com-
promise or respiratory depression

Use preoperative sedation only in a monitored setting.

Intraoperative sedative/opioid/anesthetic-
induced upper airway compromise or 
respiratory depression during monitored 
anesthesia care (MAC)

Whenever possible, use topical, local, or regional anesthesia with minimal to no sedation.
Continuous monitoring of ventilation adequacy
Use of the patient’s OSA therapy device during MAC with sedation
Consider general anesthesia with a secured airway vs. deep sedation with an unsecured 

airway.
At risk for oxygen desaturation Elevate head of bed to facilitate spontaneous ventilation/oxygenation.

Preoxygenate sufficiently.
Maintain oxygen insufflation by nasal cannula during endotracheal intubation.

Possible difficult mask ventilation or endo-
tracheal intubation

Apply ASA Difficult Airway Algorithm, including the use of laryngeal mask airway, videolaryn-
goscope, fiberoptic bronchoscope, and transtracheal jet ventilation as indicated.

Optimize head/neck position for mask ventilation and endotracheal intubation.
Potential difficulty with noninvasive blood 

pressure monitoring and/or increased risk 
for cardiovascular complications

Consider intraarterial catheter for blood pressure monitoring and blood sampling for arterial 
blood gases.

Postextubation airway obstruction in the op-
erating room or postanesthesia care unit 
with associated risk of negative pressure 
pulmonary edema

Elevate the head of the bed.
Extubate only after patient clearly meets objective extubation criteria.
Maintain readiness for reintubation with the same device used during induction and expect 

that the difficulty of intubation will be greater than previously.
At risk for postoperative oxygen desaturation Supplemental oxygen therapy

Consider nasal airway.
Consider PAP therapy (this can be initiated de novo in the postoperative setting).

Communication failure during transfer of 
care

Identify the patient’s diagnosis of sleep apnea and its therapy.
Alert staff about expected problems and their management.

Perioperative opioid-related respiratory 
depression due to opioids administered 
by neuraxial route, intravenous route with 
bolus injection, or via intravenous patient-
controlled analgesia (IV-PCA)

Supplemental oxygen as needed
Continuous electronic monitoring of oxygenation and ventilation
Maintain patient’s OSA therapy whenever possible; use home settings as a guide.
Avoid background mode with IV-PCA.
Consider opioid-sparing analgesic techniques (e.g., transcutaneous electrical nerve stimula-

tion), and use nonopioid analgesics (e.g., NSAIDs, acetaminophen, tramadol, ketamine, 
gabapentin) whenever possible.

Postdischarge opioid-induced respiratory 
depression and/or exacerbation of OSA

Ensure companionship and a safe home environment for high-risk patients.
Consult sleep medicine specialist to optimize sleep apnea therapy if needed.

��ASA, American Society of Anesthesiologists; NSAIDs, Nonsteroidal antiinflammatory drugs.

TABLE 1.5
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and hypoxia, detect associated EEG, ECG, and limb move-
ment events, and, when indicated, titrate positive airway 
pressure (PAP) therapy and perform follow-up assessment 
of any implemented therapy for the sleep-related breathing 
disorder.

	•	� Because of its high prevalence rate and a general lack of 
diagnosis, the first step in management of OSA is detection.

	•	� Suggested mechanisms for the efficacy of continuous PAP 
therapy include (1) increasing the pharyngeal transmural 
pressure (pneumatic splint effect), (2) reducing pharyngeal 
wall thickness and airway edema, (3) increasing airway 
tone by mechanoreceptor stimulation, and (4) increasing 
end-expiratory lung volume and producing a tracheal tug 
effect.

	•	� The perioperative period can exacerbate sleep-related 
breathing disorders because of (1) sleep deprivation due to 
anxiety, pain, alterations in circadian rhythms, and nurs-
ing interventions; (2) REM sleep rebound, which worsens 
OSA; and (3) the suppressant effects of anesthetics, seda-
tives, and analgesics on airway patency, respiratory drive, 
and arousal.

	•	� To avoid opioid-induced respiratory depression, all patients 
receiving opioids, including neuraxial opioids, should 
be monitored for adequacy of ventilation, oxygenation, 
and level of consciousness, with increased monitoring 
for patients with high-risk conditions, including unstable 
medical conditions, obesity, OSA, concomitant administra-
tion of opioid analgesics or hypnotics by other routes, and 
extremes of age.
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Epworth Sleepiness Scale (ESS)

The ESS was developed in 1990 at Epworth Hospital in Mel-
bourne, Australia, by Dr. Murray W. Johns to assess excessive 
daytime sleepiness (EDS). It has 8 questions, scored from 0–3 
for each, to assess the likelihood of falling asleep in common 
daytime activities. 

THE ESS

How likely are you to doze off or fall asleep in the following 
situations, in contrast to feeling just tired? This refers to your 
usual way of life in recent times. Even if you haven’t done some 
of these things recently, try to work out how they would have 
affected you. Use the following scale to choose the most appro-
priate number for each situation.
Scale:
0 = would never doze
1 = slight chance of dozing
2 = moderate chance of dozing
3 = high chance of dozing

Situation:
	1.	� Sitting and reading
	2.	� Watching TV
	3.	� Sitting inactive in a public place (e.g., a theater or a meeting)
	4.	� As a passenger in a car for an hour without a break
	5.	� Lying down to rest in the afternoon when circumstances 

permit
	6.	� Sitting and talking to someone
	7.	� Sitting quietly after a lunch without alcohol
	8.	� In a car while stopped for a few minutes in traffic 

INTERPRETING ESS SCORES

ESS score = 6 is the population norm.
ESS score ≥ 10 is considered abnormal and indicative of exces-

sive daytime sleepiness.
ESS score ≥ 16 is commonly reported in patients with narcolepsy.
ESS score = 24 is considered a contraindication to operating a 

motor vehicle because it indicates a high chance of dozing 
in a car while stopped for a few minutes in traffic. 

APPENDIX

1.1

From Johns MW. A new method for measuring daytime sleepiness: 
the Epworth sleepiness scale. Sleep. 1991;14:540-545.
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The BQ was developed in 1996 at the Conference on Sleep in 
Primary Care in Berlin, Germany. It has 3 categories assess-
ing snoring, sleepiness, and risk factors. A category is scored 
positive if it had ≥2 positive answers and the BQ is considered 
indicative of high risk for OSA if it has ≥2 positive categories.

Netzer et al. found that being high-risk according to the BQ 
group predicted an RDI ≥ 5 with a sensitivity of 0.86, a speci-
ficity of 0.77, a positive predictive value of 0.89, and a likeli-
hood ratio of 3.79.

Berlin Questionnaire (BQ)

Height _____ m; Weight _____ kg; Age _____; Male/Female 

CATEGORY 1. SNORING AND APNEA

Category 1 has 5 questions, with positive answers to each 
question being as follows:
	1.	 Do you snore?

Yes
	2.	 If you snore, your snoring is:

Louder than talking or can be heard in adjacent room
	3.	 How often do you snore?
≥3–4 times a week

	4.	 Has your snoring ever bothered other people?
Yes

	5.	� Has anyone noticed that you stop breathing during your 
sleep?
≥3–4 times a week 

CATEGORY 2. DAYTIME SLEEPINESS

Category 2 has 4 questions, with positive answers to each 
question being as follows:
	6.	 How often do you feel tired or fatigued after your sleep?
≥3–4 times a week

	7.	� During your waking time, do you feel tired, fatigued, or not 
up to par?
≥3–4 times a week

	8.	� Have you ever nodded off or fallen asleep while driving a 
vehicle?
Yes

	9.	 If yes, how often does this occur?
≥3–4 times a week 

CATEGORY 3. RISK FACTORS

Category 3 has 3 questions, with positive answers to each 
question being as follows:
	10.	 Do you have high blood pressure?

Yes
	11.	 Is your BMI > 30 or your neck collar size > 17 inches?

Yes
	12.	 Do you have a very small jaw or large overbite?

Yes 

Berlin Questionnaire (BQ)

APPENDIX

1.2

From Netzer NC, Stoohs RA, Netzer CM, et al. Using the Berlin 
Questionnaire to identify patients at risk for the sleep apnea syn-
drome. Ann Intern Med. 1999;131(7):485-491.
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American Academy of Sleep 
Medicine Questionnaire for 
Exploring Obstructive Sleep Apnea

APPENDIX

1.3

(YES/NO QUESTIONS)

	 1.	� People tell me that I snore.
	 2.	� I wake up at night with a feeling of shortness of breath or 

choking.
	 3.	� People tell me that I gasp, choke, or snort while I am 

sleeping.
	 4.	� People tell me that I stop breathing while I am sleeping.
	 5.	� I awake feeling almost as or more tired than when I went 

to bed.
	 6.	� I often awake with a headache.
	 7.	� I often have difficulty breathing through my nose.
	 8.	� I fight sleepiness during the day.
	 9.	� I fall asleep when I relax before or after dinner.
	10.	� Friends, colleagues or family comment on my sleepiness. 

HIGH RISK FOR OBSTRUCTIVE SLEEP 
APNEA CHARACTERISTICS

	1.	� Male
	2.	� BMI > 25 kg/m2

	3.	� Neck circumference (>17 inches in men, >16 inches in 
women)

	4.	� Habitual snoring/gasping noted by bed partner
	5.	� Daytime sleepiness
	6.	� Hypertension 

LOW RISK FOR OBSTRUCTIVE SLEEP 
APNEA CHARACTERISTICS

	1.	� No snoring
	2.	� Premenopausal
	3.	� Thin 

From Meoli AL, Rosen CL, Kristo D et al. Clinical Practice Review 
Committee, American Academy of Sleep Medicine. Upper air-
way management of the adult patient with obstructive sleep 
apnea in the perioperative period—avoiding complications. Sleep. 
2003;26:1060-1065.
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ASA Checklist: Identification and 
Assessment of Obstructive Sleep 
Apnea in Adults

APPENDIX

1.4

From Gross JB, Bachenberg KL, Benumof JL, et al. American Society 
of Anesthesiologists Task Force on Perioperative Management. Prac-
tice guidelines for the perioperative management of patients with 
obstructive sleep apnea: a report by the American Society of Anes-
thesiologists Task Force on Perioperative Management of Patients 
With Obstructive Sleep Apnea. Anesthesiology. 2006;104:1081-1093.

CATEGORY 1: PREDISPOSING PHYSICAL 
CHARACTERISTICS

	a.	� BMI ≥ 35 kg/m2

	b.	� Neck circumference > 43 cm/17 inches (men) or 40 cm/16 
inches (women)

	c.	� Craniofacial abnormalities affecting the airway
	d.	� Anatomic nasal obstruction
	e.	� Tonsils nearly touching or touching the midline 

CATEGORY 2: HISTORY OF APPPARENT 
AIRWAY OBSTRUCTION DURING SLEEP

Two or more of the following are present (if patient lives alone 
or sleep is not observed by another person, then only one of 
the following need be present):
	a.	� Snoring (loud enough to be heard through a closed door)
	b.	� Frequent snoring
	c.	� Observed pauses in breathing during sleep
	d.	� Awakens from sleep with choking sensation
	e.	� Frequent arousals from sleep 

CATEGORY 3: SOMNOLENCE

One or more of the following are present:
	a.	� Frequent somnolence or fatigue despite adequate “sleep”
	b.	� Falls asleep easily in a nonstimulating environment (e.g., 

watching TV, reading, riding in or driving a car) despite 
adequate “sleep” 

SCORING

If two or more items in category 1 are positive, category 1 is 
positive.

If two or more items in category 2 are positive, category 2 is 
positive.

If one or more items in category 3 are positive, category 3 is 
positive.

High risk of obstructive sleep apnea: two or more categories 
scored as positive

Low risk of obstructive sleep apnea: only one or no category 
scored as positive 
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Obstructive Sleep Apnea (OSA) 
Screening Tools

APPENDIX 

1.5

STOP QUESTIONNAIRE (4 YES-OR-NO 
QUESTIONS)

	1.	� Snoring: Do you snore loudly (loud enough to be heard 
through closed doors)?

	2.	� Tired: Do you often feel tired, fatigued, or sleepy during the 
daytime?

	3.	� Observed: Has anyone observed you stop breathing during 
your sleep?

	4.	� Blood Pressure: Do you have or are you being treated for 
high blood pressure?

High risk of OSA: Yes to 2 or more questions
Low risk of OSA: Yes to fewer than 2 questions 

STOP-BANG SCORING MODEL (8 YES-
OR-NO QUESTIONS)

	1.	� Snoring: Do you snore loudly (loud enough to be heard 
through closed doors)?

	2.	� Tired: Do you often feel tired, fatigued, or sleepy during the 
daytime?

	3.	� Observed: Has anyone observed you stop breathing during 
your sleep?

	4.	� Blood Pressure: Do you have or are you being treated for 
high blood pressure?

	5.	� BMI: BMI more than 35 kg/m2?
	6.	� Age: older than 50 years?
	7.	� Neck circumference: >40 cm (17 inches)?
	8.	� Gender: male?
High risk of OSA: Yes to 3 or more questions
Low risk of OSA: Yes to fewer than 3 questions

Source: Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: 
a tool to screen patients for obstructive sleep apnea. Anesthesiology. 
2008;108:812-821.
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Anesthesiologists commonly deal with patients with lung dis-
eases and know that such patients are at an increased risk of 
perioperative pulmonary complications. There is increasing 
awareness of how these complications contribute to overall 
morbidity, mortality, and increased hospital length of stay. 
Perioperative pulmonary complications can also play an 
important role in determining long-term mortality after sur-
gery. Modification of disease severity and patient optimization 
prior to surgery can significantly decrease the incidence of 
these complications.

Obstructive respiratory diseases can be divided into the 
following groups for discussion of their influence on anes-
thetic management: (1) acute upper respiratory tract infec-
tion (URI), (2) asthma, (3) chronic obstructive pulmonary 

disease (COPD), and (4) a miscellaneous group of respiratory 
disorders.

ACUTE UPPER RESPIRATORY TRACT 
INFECTION

Every year approximately 25 million patients visit their doc-
tors because of a URI. The “common cold” syndrome results 
in about 20 million days of absence from work and 22 million 
days of absence from school, so it is likely there will be a popu-
lation of patients scheduled for elective surgery who have an 
active URI.

Infectious (viral or bacterial) nasopharyngitis accounts for 
about 95% of all URIs, with the most common responsible 
viral pathogens being rhinovirus, coronavirus, influenza virus, 
parainfluenza virus, and respiratory syncytial virus (RSV). 
Noninfectious nasopharyngitis can be allergic or vasomotor 
in origin.

Signs and Symptoms

Most common symptoms of acute URI include nonproduc-
tive cough, sneezing, and rhinorrhea. A history of seasonal 
allergies may indicate an allergic cause of these symptoms 
rather than an infectious cause. Symptoms caused by bacte-
rial infections will usually present with more serious signs and 
symptoms such as fever, purulent nasal discharge, productive 
cough, and malaise. Such patients may be tachypneic, wheez-
ing, or have a toxic appearance. 

Diagnosis

Diagnosis is usually based on clinical signs and symptoms. 
Viral cultures and laboratory tests lack sensitivity, are time and 
cost consuming, and therefore impractical in a busy clinical 
setting. 

Management of Anesthesia

Most studies regarding the effects of URI on postoperative 
pulmonary complications have involved pediatric patients.  
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It is well known that children with a URI are at much higher 
risk of adverse events such as transient hypoxemia and laryn-
gospasm if they are anesthetized while suffering a URI. How-
ever, there are limited data about the adult population in this 
regard. There is evidence to show an increased incidence of 
respiratory complications in pediatric patients with a his-
tory of copious secretions, prematurity, parental smoking, 
nasal congestion, reactive airway disease, endotracheal intu-
bation, and in those undergoing airway surgery. Those with 
clear systemic signs of infection such as fever, purulent rhini-
tis, productive cough, and rhonchi who are undergoing elec-
tive surgery (particularly airway surgery) are at considerable 
risk of perioperative adverse events. Consultation with the 
surgeon regarding the urgency of the surgery is necessary. A 
patient who has had a URI for days or weeks and is in stable or 
improving condition can be safely managed without postpon-
ing surgery. If surgery is to be delayed, patients should not be 
rescheduled for about 6 weeks, since it may take that long for 
airway hyperreactivity to resolve. The economic and practical 
aspects of canceling surgery should also be taken into consid-
eration before a decision is made to postpone surgery.

Viral infections, particularly during the infectious phase, can 
cause morphologic and functional changes in the respiratory 
epithelium. The relationship between epithelial damage, viral 
infection, airway reactivity, and anesthesia remains unclear. 
Tracheal mucociliary flow and pulmonary bactericidal activity 
can be decreased by general anesthesia. It is possible that posi-
tive pressure ventilation could help spread infection from the 
upper to the lower respiratory tract. The immune response of 
the body is altered by surgery and anesthesia. A reduction in 
B-lymphocyte numbers, T-lymphocyte responsiveness, and 
antibody production may be associated with anesthesia, but the 
clinical significance of this remains to be elucidated.

The anesthetic management of a patient with a URI should 
include adequate hydration, reducing secretions, and limiting 
manipulation of a potentially sensitive airway. Nebulized or 
topical local anesthetic applied to the vocal cords may reduce 
upper airway sensitivity. Use of a laryngeal mask airway 
(LMA) rather than an endotracheal (ET) tube may also reduce 
the risk of laryngospasm.

Adverse respiratory events in patients with URIs include 
bronchospasm, laryngospasm, airway obstruction, postintu-
bation croup, desaturation, and atelectasis. Intraoperative and 
immediate postoperative hypoxemia are common and amena-
ble to treatment with supplemental oxygen. Long-term com-
plications have not been demonstrated. 

ASTHMA

Asthma is one of the most common chronic medical condi-
tions in the world and currently affects approximately 300 
million people globally. The prevalence of asthma has been 
rising in developing countries, and this has been attributed to 
increased urbanization and atmospheric pollution.

Asthma is a disease of reversible airflow obstruction char-
acterized by bronchial hyperreactivity, bronchoconstriction, 

and chronic airway inflammation. Development of asthma is 
multifactorial and includes genetic and environmental causes. 
It seems likely that various genes contribute to development of 
asthma and also determine the severity of asthma in an individ-
ual. A family history of asthma, maternal smoking during preg-
nancy, viral infections (especially with rhinovirus and infantile 
RSV), and limited exposure to highly infectious environments 
as a child (i.e., farms, daycare centers, and pets) all contribute 
to the development of asthma. A list of some stimuli that can 
provoke an episode of asthma are summarized in Table 2.1.

The pathophysiology of asthma is a specific chronic inflam-
mation of the mucosa of the lower airways. Activation of 
the inflammatory cascade leads to infiltration of the airway 
mucosa with eosinophils, neutrophils, mast cells, T cells, B 
cells, and leukotrienes. This results in airway edema, particu-
larly in the bronchi. There is thickening of the basement mem-
brane and the airway wall may be thickened and edematous. 
The inflammatory mediators implicated in asthma include his-
tamine, prostaglandin D2 and leukotrienes. Typically there are 
simultaneous areas of inflammation and repair in the airways.

Signs and Symptoms

Asthma is an episodic disease with acute exacerbations inter-
spersed with symptom-free periods. Most attacks are short lived, 
lasting minutes to hours, and clinically the person recovers com-
pletely after an attack. However, there can be a phase in which a 
patient experiences some degree of airway obstruction daily. This 
phase can be mild, with or without superimposed severe episodes, 
or much more serious, with significant obstruction persisting for 
days or weeks. Status asthmaticus is defined as life-threatening 
bronchospasm that persists despite treatment. When the history 
is elicited from someone with asthma, attention should be paid 
to factors such as previous intubation or admission to the inten-
sive care unit (ICU), two or more hospitalizations for asthma in 
the past year, and the presence of significant co-existing diseases. 
Clinical manifestations of asthma include wheezing, productive 
or nonproductive cough, dyspnea, chest discomfort or tightness 
that may lead to air hunger, and eosinophilia. 

Diagnosis

The diagnosis of asthma depends on both symptoms and signs 
and objective measurements of airway obstruction. Asthma 
is diagnosed when a patient reports symptoms of wheez-
ing, chest tightness, or shortness of breath and demonstrates 

  �� Stimuli Provoking Symptoms of Asthma
  
Allergens
Pharmacologic agents: aspirin, β-antagonists, some nonsteroidal 

antiinflammatory drugs, sulfiting agents
Infections: respiratory viruses
Exercise: attacks typically follow exertion rather than occurring 

during it
Emotional stress: endorphins and vagal mediation

TABLE 2.1
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airflow obstruction on pulmonary function testing that is at 
least partially reversible with bronchodilators. Asthma sever-
ity depends on the clinical symptoms, the results of pulmonary 
function testing, and medication usage (Tables 2.2 and 2.3).

Pulmonary Function Testing
Forced expiratory volume in 1 second (FEV1); forced expi-
ratory flow, midexpiratory phase (FEF25%–75% [also called 
maximum midexpiratory flow rate]); and peak expiratory flow 
rate (PEFR) are direct measures of the severity of expiratory 
airflow obstruction (Fig. 2.1). These measurements provide 
objective data that can be used to assess the severity and moni-
tor the course of an exacerbation of asthma. The typical asth-
matic patient who comes to the hospital for treatment has an 
FEV1 that is less than 35% of normal. Flow-volume loops show 
characteristic downward scooping of the expiratory limb of 
the loop. Flow-volume loops in which the inhaled or exhaled 
portion of the loop is flat help distinguish wheezing caused 
by airway obstruction (i.e., due to a foreign body, tracheal 
stenosis, or mediastinal tumor) from asthma (Figs. 2.2 and 
2.3). During moderate or severe asthmatic attacks, the func-
tional residual capacity (FRC) may increase substantially, but 
total lung capacity (TLC) usually remains within the normal 

  �� Most Clinically Useful Spirometric Tests of 
Lung Function

  
Forced expiratory volume in 1 sec (FEV1): The volume of air that 

can be forcefully exhaled in 1 sec. Values between 80% and 
120% of the predicted value are considered normal.

Forced vital capacity (FVC): The volume of air that can be 
exhaled with maximum effort after a deep inhalation. Normal 
values are ≈ 3.7 L in females and ≈ 4.8 L in males.

Ratio of FEV1 to FVC: This ratio in healthy adults is 75%–80%.
Forced expiratory flow at 25%–75% of vital capacity (FEF25%–

75%): A measurement of airflow through the midpoint of a forced 
exhalation.

Maximum voluntary ventilation (MVV): The maximum amount 
of air that can be inhaled and exhaled within 1 min. For patient 
comfort, the volume is measured over a 15-sec time period and 
results are extrapolated to obtain a value for 1 min expressed 
as liters per minute. Average values for males and females are 
140–180 and 80–120 L/min, respectively.

Diffusing capacity (Dlco): The volume of a substance (carbon 
monoxide [CO]) transferred across the alveoli into blood per 
minute per unit of alveolar partial pressure. CO is rapidly taken 
up by hemoglobin. Its transfer is therefore limited mainly by 
diffusion. A single breath of 0.3% CO and 10% helium is held 
for 20 sec. Expired partial pressure of CO is measured. Normal 
value is 17–25 mL/min/mm Hg.

TABLE 2.2

  �� Classification of Asthma Severity in Youths Older Than 12 Years and in Adults
  

Components of
Severity

Classification of Asthma Severity
(Youths ≥ 12 years of age and adults)

Intermittent 

Symptoms

Interference with
normal activity

Lung function

Nighttime
awakenings

Short-acting
β2-agonist use
for symptom
control (not 

prevention of EIB)

Risk

≤ 2 days/week

≤ 2 days/week

≤ 2x/month > 1x/week but
not nightly

>2/year0–2/yearExacerbations
(consider

frequency and
severity)

Frequency and severity may fluctuate over time
for patients in any severity category

Relative annual risk of exacerbations may be related to FEV1.

>2 days/week
but not daily Daily

None

• Normal FEV1
  between
  exacerbations
• FEV1 > 80%
  predicted

• FEV1 < 80%
  predicted

• FEV1 < 60%
  predicted

• FEV1 > 60% but
  < 80% predicted

• FEV1 :FVC
  normal

• FEV1 :FVC
  normal

• FEV1 :FVC
  reduced 5%

• FEV1 :FVC
  reduced > 5%

Minor limitation Some limitation Extremely
limited

Several times
per day

Often
7x/week3–4x/month

> 2 days/week
but not daily Daily Throughout

the day

Impairment

Normal FEV1:FVC:

  8–19 yr  85%
20–39 yr  80%
40–59 yr  75%
60–80 yr  70%

Mild Moderate Severe

Persistent

From National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma (EPR3). Bethesda, MD: 
National Heart, Lung, and Blood Institute; 2007.

TABLE 2.3
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range. Diffusing capacity for carbon monoxide is not changed. 
Bronchodilator responsiveness provides supporting evidence 
if asthma is suspected on clinical grounds. In patients with 
expiratory airflow obstruction, an increase in airflow after 
inhalation of a bronchodilator suggests asthma. Abnormalities 

in pulmonary function test (PFT) results may persist for sev-
eral days after an acute asthmatic attack despite the absence 
of symptoms. Since asthma is an episodic illness, its diagnosis 
may be suspected even if PFT results are normal. 

Arterial Blood Gas Analysis
Mild asthma is usually accompanied by a normal Pao2 and 
Paco2. Tachypnea and hyperventilation observed during an acute 
asthmatic attack do not reflect arterial hypoxemia but rather 
neural reflexes in the lungs. Hypocarbia and respiratory alkalo-
sis are the most common arterial blood gas findings in the pres-
ence of asthma. As the severity of expiratory airflow obstruction 
increases, the associated ventilation/perfusion mismatching may 
result in a Pao2 of less than 60 mm Hg while breathing room air. 
The Paco2 is likely to increase when the FEV1 is less than 25% of 
the predicted value. Fatigue of the skeletal muscles necessary for 
breathing may contribute to the development of hypercarbia. 

Chest Radiography and Electrocardiography
A chest radiograph in a patient with mild or moderate asthma 
even during an asthma exacerbation is often normal. Patients with 
severe asthma may demonstrate hyperinflation and hilar vascular 
congestion due to mucus plugging and pulmonary hypertension. 
Chest x-rays can be helpful in determining the cause of an asthma 
exacerbation and in ruling out other causes of wheezing. The 
electrocardiogram (ECG) may show evidence of right ventricular 
strain or ventricular irritability during an asthmatic attack.

The differential diagnosis of asthma includes viral tracheo-
bronchitis, sarcoidosis, rheumatoid arthritis with bronchiol-
itis, extrinsic compression (thoracic aneurysm, mediastinal 
neoplasm) or intrinsic compression (epiglottitis, croup) of the 
upper airway, vocal cord dysfunction, tracheal stenosis, chronic 
bronchitis, COPD, and foreign body aspiration. Upper airway 
obstruction produces a characteristic flow-volume loop (see  
Fig. 2.3A). A history of recent trauma, surgery, or tracheal 
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FIG. 2.2  Flow-volume curves in different conditions: obstructive 
disease, O; extraparenchymal restrictive disease with limitation in 
inspiration and expiration, R(E); and parenchymal restrictive disease, 
R(P). Forced expiration is plotted for all conditions; forced inspira-
tion is shown only for the normal curve. By convention, lung volume 
increases to the left on the abscissa. The arrow alongside the normal 
curve indicates the direction of expiration from total lung capacity 
(TLC) to residual volume (RV). (Adapted from Weinberger SE. Distur-
bances of respiratory function. In: Fauci B, Braunwald E, Isselbacher 
KJ, et al., eds. Harrison’s Principles of Internal Medicine. 14th ed. 
New York: McGraw-Hill; 1998.)
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intubation may be present in patients with upper airway 
obstruction mimicking asthma. Congestive heart failure and 
pulmonary embolism may also cause dyspnea and wheezing. 

Treatment

Historically, treatment of asthma has been directed at prevent-
ing and controlling bronchospasm with bronchodilator drugs. 
However, recognition of the consistent presence of airway 
inflammation in patients with asthma has resulted in some 
changes in the pharmacologic therapy of asthma. There is now 
an emphasis on preventing and controlling bronchial inflam-
mation as well as treating bronchospasm. Asthma treatments 
can be classified by their role in asthma management and by 
the timing of their effects (i.e., immediate relief or long-term 
therapy) (Tables 2.4 and 2.5).

Serial determination of PFTs can be useful for monitor-
ing the response to treatment. When the FEV1 improves to 
about 50% of normal, patients usually have minimal or no 
symptoms.

Status Asthmaticus
Status asthmaticus is defined as bronchospasm that does not 
resolve despite treatment and is considered life threatening. Emer-
gency treatment of status asthmaticus consists of intermittent or 
continuous administration of β2-agonists. β2-Agonists inhaled 
via a metered-dose inhaler can be administered every 15–20 min-
utes for several doses without significant adverse hemodynamic 
effects, although patients may experience unpleasant sensations 
resulting from adrenergic overstimulation. Continuous admin-
istration of β2-agonists by nebulizer may be more effective for 
delivery of these drugs to relieve airway spasm. Intravenous (IV) 
corticosteroids are administered early in treatment, because it 
takes several hours for their effect to appear. The corticosteroids 
most commonly selected are hydrocortisone and methylpred-
nisolone. Supplemental oxygen is administered to help maintain 
arterial oxygen saturation above 90%. Other drugs used in more 
intractable cases include magnesium and oral leukotriene inhibi-
tors. Studies on the use of IV magnesium sulfate indicate that it 
may significantly improve lung function and reduce the rate of 
hospital admission in children. The National Asthma Education 
and Prevention Program Expert Panel always has the most recent 
evidence-based guidelines for treatment of asthma on their web-
site (http://www.nhlbi.nih.gov/about/org/naepp/).

Measurements of lung function can be very helpful in 
assessing the severity of status asthmaticus and the response 
to treatment. Patients whose FEV1 or PEFR is decreased to 
25% of normal or less are at risk of developing of hypercarbia 
and respiratory failure. The presence of hypercarbia (defined 
as a Paco2 > 50 mm Hg) despite aggressive antiinflammatory 
and bronchodilator therapy is a sign of respiratory fatigue that 
requires tracheal intubation and mechanical ventilation. The 
pattern of mechanical ventilation can be particularly impor-
tant in the patient with status asthmaticus. The expiratory 
phase must be prolonged to allow for complete exhalation and 
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  �� Short-Acting Bronchodilators Used for 
Immediate Relief of Asthma

  
Drug Action Adverse Effects

Albuterol 
(Proventil)

Levalbuterol 
(Xopenex)

β2-Agonist: stimulates β2 
receptors in  
tracheobronchial tree

Tachycardia
Tremors
Dysrhythmias
Hypokalemia

Metaproterenol
Pirbuterol 

(Maxair)

TABLE 2.4

http://www.nhlbi.nih.gov/about/org/naepp/
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to prevent self-generated or intrinsic positive end-expiratory 
pressure (auto-PEEP). To prevent barotrauma, some recom-
mend a degree of permissive hypercarbia. When the FEV1 or 
PEFR improves to 50% of normal or higher, patients usually 
have minimal or no symptoms, and at this point the frequency 
and intensity of bronchodilator therapy can be decreased and 
weaning from mechanical ventilation can ensue.

When status asthmaticus is resistant to therapy, it is likely 
that the expiratory airflow obstruction is caused predominantly 
by airway edema and intraluminal secretions. Indeed, some 
patients with status asthmaticus are at risk of asphyxia due to 
mucus plugging of the airways. In rare circumstances when 
life-threatening status asthmaticus persists despite aggressive 
pharmacologic therapy, it may be necessary to consider general 
anesthesia to produce bronchodilation. Isoflurane and sevoflu-
rane are effective bronchodilators in this situation. Treatment of 
status asthmaticus is summarized in Table 2.6. 

Management of Anesthesia

The occurrence of “severe” bronchospasm has been reported 
in 0.2%–4.2% of all procedures involving general anesthesia 
performed in asthmatic patients. Factors that are more likely 
to predict the occurrence of severe bronchospasm include the 
type of surgery (risk is higher with upper abdominal surgery 
and oncologic surgery) and the proximity of the most recent 
asthmatic attack to the date of surgery.

Several mechanisms could explain the contribution of gen-
eral anesthesia to increased airway resistance. Among these 
are depression of the cough reflex, impairment of mucociliary 
function, reduction of palatopharyngeal muscle tone, depres-
sion of diaphragmatic function, and an increase in the amount 
of fluid in the airway wall. In addition, airway stimulation by 
endotracheal intubation, parasympathetic nervous system 
activation, and/or release of neurotransmitters of pain such as 
substance P and neurokinins may also play a role.

  �� Drugs Used for Long-Term Treatment of Asthma
  
Class Drug Action Adverse Effects

Inhaled corticosteroids Beclomethasone
Budesonide
(Pulmicort)
Ciclesonide
Flunisolide
Fluticasone
(Flovent)
Mometasone
Triamcinolone

Decrease airway inflammation
Reduce airway hyperresponsiveness

Dysphonia
Myopathy of laryngeal muscles
Oropharyngeal candidiasis

Long-acting bronchodilators Arformoterol
(Brovana)
Formoterol
Salmeterol

β2-Agonist: stimulates β2-receptors in 
tracheobronchial tree

Therapy with just long-acting 
bronchodilators can cause 
airway inflammation and 
an increased incidence of 
asthma exacerbations.

Should not be used except with 
an inhaled corticosteroid

Combined inhaled  
corticosteroids + long-acting 
bronchodilators

Budesonide + formoterol
(Symbicort)
Fluticasone + salmeterol
(Advair)

Combination of long-acting bronchodilator 
and inhaled corticosteroid

Leukotriene modifiers Montelukast
(Singulair)
Zafirlukast
(Accolate)
Zileuton
(Zyflo)

Reduce synthesis of leukotrienes by  
inhibiting 5-lipoxygenase enzyme

Minimal

Anti-IgE monoclonal antibody Omalizumab
(Xolair)

Decreases IgE release by inhibiting binding 
of IgE to mast cells and basophils

Injection site reaction
Arthralgia
Sinusitis
Pharyngitis
Headache

Methylxanthines Theophylline
Aminophylline

Increase cAMP by inhibiting  
phosphodiesterase, block adenosine 
receptors, release endogenous  
catecholamines

Disrupted sleep cycle
Nervousness
Nausea/vomiting, anorexia
Headache
Dysrhythmias

Mast cell stabilizer Cromolyn Inhibit mediator release from mast cells, 
membrane stabilization

Cough
Throat irritation

cAMP, Cyclic adenosine monophosphate; IgE, immunoglobulin E.

TABLE 2.5


	Front Cover
	IFC
	Stoelting’s ANESTHESIA  AND CO-EXISTING DISEASE
	Stoelting’s ANESTHESIA  AND CO-EXISTING DISEASE
	Copyright
	Preface
	Contributors
	Contents
	1 - Sleep-Related Breathing Disorders
	PHYSIOLOGY OF SLEEP
	Sleep Stages
	Physiologic Differences Between NREM and REM Sleep
	Respiratory Control During Wakefulness and Sleep
	Effects of Aging and Disease on Sleep
	Cardiovascular System Physiology During NREM and REM Sleep
	Cerebral Blood Flow, Spinal Cord Blood Flow, and Epileptogenicity During NREM and REM Sleep
	Effects of Sleep on Energy Balance and Metabolism
	Effects of Drugs on Sleep

	SPECIFIC SLEEP DISORDERS
	PATHOGENESIS OF SLEEP-RELATED BREATHING DISORDERS
	Pathogenesis of Obstructive Sleep Apnea
	Narrowing of the Upper Airway
	Obesity
	Genetic Factors

	Pathogenesis of Central Sleep Apnea
	Primary/Idiopathic Central Sleep Apnea
	Secondary Central Sleep Apnea
	Central Sleep Apnea With Cheyne-Stokes Breathing

	Pathogenesis of Sleep-Related Hypoventilation Disorders
	Pathogenesis of Sleep-Related Hypoxemia Disorder

	PATHOPHYSIOLOGIC CONSEQUENCES OF SLEEP-RELATED BREATHING DISORDERS
	Pathophysiologic Consequences of Obstructive Sleep Apnea
	Cardiovascular Consequences (Table 1.2)
	Neurologic Consequences
	Metabolic Consequences

	Pathophysiologic Consequences of Central Sleep Apnea
	Pathophysiologic Consequences of Sleep-Related Hypoventilation Disorders

	PREVALENCE OF SLEEP-RELATED BREATHING DISORDERS
	Prevalence of Obstructive Sleep Apnea
	Prevalence of Central Sleep Apnea
	Prevalence of Obesity Hypoventilation Syndrome

	DIAGNOSIS OF SLEEP-RELATED BREATHING DISORDERS
	Polysomnography
	Morphometric Models
	Questionnaires
	Criteria for the Diagnosis of Obstructive Sleep Apnea in Adults
	Criteria for the Diagnosis of Central Sleep Apnea
	Criteria for the Diagnosis of Sleep-Related Hypoventilation Disorders
	Criterion for the Diagnosis of Sleep-Related Hypoxemia Disorder

	TREATMENT OF SLEEP-RELATED BREATHING DISORDERS
	Treatment of Obstructive Sleep Apnea
	Positive Airway Pressure Therapy
	Oral Appliance Therapy
	Surgical Therapy
	Medical Therapy

	Treatment of Central Sleep Apnea
	Treatment of Sleep-Related Hypoventilation Disorders

	PERIOPERATIVE CONSIDERATIONS IN PATIENTS WITH SLEEP-RELATED BREATHING DISORDERS
	PRACTICE GUIDELINES FOR PERIOPERATIVE MANAGEMENT OF PATIENTS WITH OBSTRUCTIVE SLEEP APNEA
	PERIOPERATIVE OPIOID-INDUCED RESPIRATORY DEPRESSION
	KEY POINTS
	THE ESS
	INTERPRETING ESS SCORES
	CATEGORY 1. SNORING AND APNEA
	CATEGORY 2. DAYTIME SLEEPINESS
	CATEGORY 3. RISK FACTORS
	HIGH RISK FOR OBSTRUCTIVE SLEEP APNEA CHARACTERISTICS
	LOW RISK FOR OBSTRUCTIVE SLEEP APNEA CHARACTERISTICS
	CATEGORY 2: HISTORY OF APPPARENT AIRWAY OBSTRUCTION DURING SLEEP
	CATEGORY 3: SOMNOLENCE
	SCORING
	STOP-BANG SCORING MODEL (8 YES-OR-NO QUESTIONS)

	2 - Obstructive Respiratory Diseases
	ACUTE UPPER RESPIRATORY TRACT INFECTION
	Signs and Symptoms
	Diagnosis
	Management of Anesthesia

	ASTHMA
	Signs and Symptoms
	Diagnosis
	Pulmonary Function Testing
	Arterial Blood Gas Analysis
	Chest Radiography and Electrocardiography

	Treatment
	Status Asthmaticus

	Management of Anesthesia

	CHRONIC OBSTRUCTIVE PULMONARY DISEASE
	Signs and Symptoms
	Diagnosis
	Pulmonary Function Tests
	GOLD Spirometric Criteria for COPD Severity (Based on Postbronchodilator FEV1 Measurement)
	Chest Radiography
	Computed Tomography
	Arterial Blood Gases

	Treatment
	Treatment of Patients With COPD
	Lung Volume Reduction Surgery

	Management of Anesthesia
	Risk Reduction Strategies
	Smoking Cessation
	Effects of Smoking Cessation. The adverse effects of carbon monoxide on oxygen-carrying capacity and of nicotine on the cardiova...
	Intermediate to Long-Term Effects. Cigarette smoking causes mucus hypersecretion, impairment of mucociliary transport, and narro...

	Nutritional Status
	Regional Anesthesia
	General Anesthesia

	Postoperative
	Lung Expansion Maneuvers



	LESS COMMON CAUSES OF EXPIRATORY AIRFLOW OBSTRUCTION
	Bronchiectasis
	Pathophysiology
	Diagnosis
	Treatment
	Management of Anesthesia

	Cystic Fibrosis
	Pathophysiology
	Diagnosis
	Treatment
	Clearance of Airway Secretions
	Bronchodilator Therapy
	Reduction in Viscoelasticity of Sputum
	Antibiotic Therapy

	Management of Anesthesia

	Primary Ciliary Dyskinesia
	Bronchiolitis Obliterans
	Tracheal Stenosis
	Diagnosis
	Management of Anesthesia


	KEY POINTS

	3 - Restrictive Respiratory Diseases and Lung Transplantation
	ACUTE INTRINSIC RESTRICTIVE LUNG DISEASE (ALVEOLAR AND INTERSTITIAL PULMONARY EDEMA)
	Pulmonary Edema
	Aspiration
	Neurogenic Pulmonary Edema
	Drug-Induced Pulmonary Edema
	High-Altitude Pulmonary Edema
	Reexpansion Pulmonary Edema
	Negative Pressure Pulmonary Edema
	Management of Anesthesia in Patients With Pulmonary Edema

	ACUTE RESPIRATORY FAILURE
	Overview
	Mechanical Support of Ventilation
	Volume-Cycled Ventilation
	Assist-Control Ventilation
	Synchronized Intermittent Mandatory Ventilation

	Pressure-Cycled Ventilation
	Management of Patients Receiving Mechanical Support of Ventilation
	Sedation
	Muscle Relaxants

	Complications of Mechanical Ventilation
	Infection
	Barotrauma
	Atelectasis


	Monitoring of Treatment
	Mixed Venous Partial Pressure of Oxygen
	Arterial pH
	Intrapulmonary Shunt
	Weaning From the Ventilator
	Tracheal Extubation
	Oxygen Supplementation


	ACUTE RESPIRATORY DISTRESS SYNDROME
	Diagnosis
	Clinical Management

	CHRONIC INTRINSIC RESTRICTIVE LUNG DISEASE (INTERSTITIAL LUNG DISEASE)
	Pulmonary Fibrosis
	Sarcoidosis
	Hypersensitivity Pneumonitis
	Eosinophilic Granuloma
	Alveolar Proteinosis
	Lymphangioleiomyomatosis
	Management of Anesthesia in Patients With Chronic Interstitial Lung Disease

	CHRONIC EXTRINSIC RESTRICTIVE LUNG DISEASE
	Thoracic Extrapulmonary Causes
	Extrathoracic Causes

	ANESTHETIC MANAGEMENT OF PATIENTS WITH RESTRICTIVE LUNG DISEASE
	DIAGNOSTIC PROCEDURES IN PATIENTS WITH LUNG DISEASE
	LUNG TRANSPLANTATION
	Overview
	Management of Anesthesia for Primary Lung Transplantation Surgery
	Management of Anesthesia for Patients With Prior Lung Transplantation
	Physiologic Effects of Lung Transplantation

	KEY POINTS
	RESOURCES

	4 - Critical Illness
	PATHOPHYSIOLOGY OF THE CRITICALLY ILL PATIENT UNDERGOING SURGERY
	Shock: Disordered Perfusion
	Hypodynamic Shock
	Hypovolemic Shock
	Cardiogenic Shock
	Obstructive Shock

	Hyperdynamic Shock
	Septic Shock
	Traumatic Shock


	Inflammation: Sepsis and the Systemic Response to Trauma
	Commonalities of Systemic Inflammation
	Primary Goals: Surviving Sepsis
	General Resuscitative Measures
	Diagnosis of Septic Source
	Empirical Antibiotic Therapy and Infection Source Control
	Fluid Resuscitation
	Vasopressor and Inotropic Medications
	Steroid Management
	Hemoglobin Target
	Ventilator Measures for Sepsis-Induced Acute Respiratory Distress Syndrome
	General Critical Care Management

	A Genomic and Molecular Perspective
	Systemic Inflammatory Response Syndrome
	Compensatory Antiinflammatory Response Syndrome
	Persistent Inflammation, Immunosuppression, and Catabolism Syndrome


	Hemorrhage: The Exsanguinating Patient
	Classification of Hemorrhage
	Coagulopathy Associated With Massive Hemorrhage and Injury
	Damage Control Resuscitation
	Overview and General Principles
	Limitation of Crystalloid Use. Rapid and large-volume crystalloid infusion in exsanguinating patients can worsen bleeding by clo...
	Optimal Transfusion Practice. Patients who require massive transfusion, defined as transfusion of 10 units of packed red blood c...


	Role of Procoagulants in the Exsanguinating Patient
	Clotting Factors
	Antifibrinolytic Agents

	The Anticoagulated Patient
	Platelet Dysfunction and Thrombocytopenia


	Acute Cardiopulmonary Instability
	Hemodynamic Compromise and Circulatory Collapse
	Cardiac Etiologies
	Peripheral Etiologies

	Acute Exacerbation of Respiratory Failure
	Anatomic Mechanical Etiologies
	Airway Circuit Mechanical Etiologies
	Primary Pulmonary Etiologies


	Metabolic Derangements
	Malnutrition
	Overfeeding
	Refeeding Syndrome
	Hyperglycemia
	Paradigm Shifts. Until the beginning of this millennium, blood glucose levels of up to 220 mg/dL were routinely tolerated in cri...


	Sick Euthyroid Syndrome
	Low T3 State
	Low T4 State
	Recovery State
	Treatment
	Utility of Thyroid Function Tests in the Critically Ill Patient

	Relative Adrenal Insufficiency
	Acute Renal Dysfunction
	RIFLE Criteria
	AKIN Criteria
	KDIGO Criteria

	Cirrhosis
	Fulminant Hepatic Failure

	Neurologic Disorders
	Pain, Agitation, and Delirium
	Pain and Analgesia
	Agitation and Sedation
	Delirium

	Metabolic Encephalopathy
	Critical Illness Polyneuropathy
	Acute Quadriplegic Myopathy
	Prolonged Effects of Neuromuscular Blockade


	GENERAL PRINCIPLES OF PERIOPERATIVE MANAGEMENT IN THE CRITICALLY ILL PATIENT
	Intravenous Fluid Management
	Parenteral Solutions
	Maintenance Fluid Therapy
	Resuscitative Fluid Therapy: Crystalloid Versus Colloid

	Interruption of Enteral Nutrition Preoperatively
	Administration of Blood Products
	Process for Availability of Blood Products Intraoperatively
	Emergency Transfusion
	Reconstitution of PRBCs

	Mitigation of Surgical Site Infections
	Risk Factors
	Preventive Measures
	General Principles of Prophylactic Perioperative Antibiotic Administration
	Ongoing Antimicrobial Management of Established Infections in the OR

	Venous Thromboembolism Prophylaxis
	Critically Ill Nonsurgical Patients
	Critically Ill Surgical Patients
	Nonorthopedic Surgical Patients
	Orthopedic Surgical Patients


	Glycemic Management
	Perioperative Impact of Diabetes Mellitus
	Perioperative and Intraoperative Glycemic Control Regimens

	Steroid Management
	Indications for Administration of Stress Steroid Dosing
	Risks Associated With Stress Steroid Dosing


	Thermal Regulation
	Hypothermia
	Hyperthermia
	Malignant Hyperthermia



	SPECIAL SCENARIOS IN THE MANAGEMENT OF THE CRITICALLY ILL SURGICAL PATIENT
	Transporting the Critically Ill Patient to and From the Operating Room
	General Principles
	Maintenance of Therapies
	Contraindications to Transport

	Specific Operations in Critically Ill Patients
	Abdominal Compartment Syndrome
	Definitions
	Significance: Progressive Organ Failure
	Treatment

	Damage Control in the Trauma Patient
	The Initial Operation: A Band-Aid for Anatomy to Facilitate Repair of Physiology
	The SICU Resuscitation: Abrogation of the Lethal Triad
	The Definitive Operation: Restoration of Anatomy

	After Damage Control: Subsequent Operative Interventions
	Common Operations to Facilitate Management of the Critically Ill Patient
	Tracheostomy
	Enteral Feeding Access



	KEY POINTS
	RESOURCES

	5 - Ischemic Heart Disease
	STABLE ANGINA PECTORIS
	Diagnosis
	Electrocardiography
	Nuclear Cardiology Techniques
	Echocardiography
	Stress Cardiac MRI
	Electron Beam Computed Tomography
	CT Angiography
	Coronary Angiography

	Treatment
	Treatment of Associated Diseases
	Reduction of Risk Factors and Lifestyle Modification
	Medical Treatment of Myocardial Ischemia
	Revascularization


	ACUTE CORONARY SYNDROME
	ST-Segment Elevation Myocardial Infarction
	Pathophysiology
	Diagnosis
	Laboratory Studies
	Imaging Studies

	Treatment
	Reperfusion Therapy
	Percutaneous Coronary Intervention
	Coronary Artery Bypass Graft Surgery
	Adjunctive Medical Therapy


	Unstable Angina/Non–ST-Segment Elevation Myocardial Infarction
	Diagnosis
	Treatment


	COMPLICATIONS OF ACUTE MYOCARDIAL INFARCTION
	Postinfarction Ischemia
	Cardiac Dysrhythmias
	Pericarditis
	Mitral Regurgitation
	Ventricular Septal Rupture
	Myocardial Dysfunction
	Cardiogenic Shock
	Myocardial Rupture
	Right Ventricular Infarction
	Mural Thrombus and Stroke

	PERIOPERATIVE IMPLICATIONS OF PERCUTANEOUS CORONARY INTERVENTION
	Percutaneous Coronary Intervention and Thrombosis
	Surgery and Risk of Stent Thrombosis
	Surgery and Bare-Metal Stents
	Surgery and Drug-Eluting Stents

	Risk of Bleeding Related to Antiplatelet Drugs
	Bleeding Versus Stent Thrombosis in the Perioperative Period
	Perioperative Management of Patients With Stents
	PCI-to-Surgery Interval
	Continuation of Dual Antiplatelet Therapy
	Perioperative Monitoring Strategies
	Anesthetic Technique
	Immediate Availability of an Interventional Cardiologist


	PERIOPERATIVE MYOCARDIAL INFARCTION
	Pathophysiology
	Diagnosis

	PREOPERATIVE ASSESSMENT OF PATIENTS WITH KNOWN OR SUSPECTED ISCHEMIC HEART DISEASE
	History
	Physical Examination
	Specialized Preoperative Testing
	Exercise Electrocardiography
	Stress Echocardiography and Stress Nuclear Imaging
	Computed Tomography and Magnetic Resonance Imaging


	MANAGEMENT OF ANESTHESIA IN PATIENTS WITH KNOWN OR SUSPECTED ISCHEMIC HEART DISEASE UNDERGOING NONCARDIAC SURGERY
	Risk Stratification
	Management After Risk Stratification
	Coronary Artery Bypass Grafting
	Percutaneous Coronary Intervention
	Pharmacologic Management

	Intraoperative Management
	Monitoring
	Intraoperative Management of Myocardial Ischemia

	Postoperative Management

	CARDIAC TRANSPLANTATION
	Management of Anesthesia
	Postoperative Complications
	Anesthetic Considerations in Heart Transplant Recipients
	Response to Drugs
	Preoperative Evaluation
	Management of Anesthesia


	KEY POINTS
	RESOURCES

	6 - Valvular Heart Disease
	PREOPERATIVE EVALUATION
	History and Physical Examination
	Drug Therapy
	Laboratory Data
	Presence of Prosthetic Heart Valves
	Assessment of Prosthetic Heart Valve Function
	Complications Associated With Prosthetic Heart Valves
	Management of Anticoagulation in Patients With Prosthetic Heart Valves

	Prevention of Bacterial Endocarditis

	MITRAL STENOSIS
	Pathophysiology
	Diagnosis
	Treatment
	Management of Anesthesia
	Monitoring
	Postoperative Management


	MITRAL REGURGITATION
	Pathophysiology
	Diagnosis
	Treatment
	Management of Anesthesia
	Monitoring


	MITRAL VALVE PROLAPSE
	Diagnosis
	Management of Anesthesia
	Preoperative Evaluation
	Monitoring


	AORTIC STENOSIS
	Pathophysiology
	Diagnosis
	Treatment
	Management of Anesthesia
	Monitoring


	AORTIC REGURGITATION
	Pathophysiology
	Diagnosis
	Treatment
	Management of Anesthesia
	Monitoring


	TRICUSPID REGURGITATION
	Pathophysiology
	Management of Anesthesia

	TRICUSPID STENOSIS
	PULMONIC VALVE REGURGITATION
	PULMONIC STENOSIS
	PERCUTANEOUS TREATMENT OF VALVULAR HEART DISEASE
	Aortic Valve Procedures
	Mitral Valve Procedures
	Pulmonic Valve Procedures
	Left Atrial Appendage Closure

	KEY POINTS

	7 - Congenital Heart Disease
	CONGENITAL HEART LESIONS
	Acyanotic Congenital Heart Disease
	Shunting Lesions
	Atrial Septal Defect
	Signs and Symptoms. Patients can present with increasing dyspnea on exertion, decreased exercise tolerance, fatigue, heart failu...
	Management of Anesthesia. For general management strategies and anesthetic management, please see “Balancing Pulmonary and Vascu...

	Ventricular Septal Defect
	Signs and Symptoms. The severity of signs and symptoms depends on the size of the defect, the pressure difference between the ve...
	Management of Anesthesia. The most conservative summary would probably be to treat a patient with a VSD of unknown severity like...

	Patent Ductus Arteriosus (PDA)
	Signs and Symptoms. Most patients with a PDA have only mild to moderate shunting and remain asymptomatic. It is not uncommon for...
	Management of Anesthesia. Most patients in whom the ductus fails to close spontaneously will be operated on during the neonatal ...


	Obstructive Lesions
	Aortic Stenosis
	Signs and Symptoms. Most patients with bicuspid aortic valves remain asymptomatic until adulthood. Infants with severe (more lik...
	Management of Anesthesia. See Chapter 6, “Valvular Heart Disease,” and the section about aortic stenosis for details on anesthet...

	Pulmonic Stenosis
	Signs and Symptoms. Symptoms depend on the severity and associated defects (e.g., cyanosis in severe cases with an associated VS...
	Management of Anesthesia. Pulmonary stenosis can be treated with open surgery that requires cardiopulmonary bypass or percutaneo...

	Coarctation of the Aorta
	Signs and Symptoms. All forms of aortic coarctation share the common adverse outcomes of systolic hypertension, CHF, aortic diss...
	Management of Anesthesia. Coarctation ideally should be repaired in infancy or early childhood before patients develop systemic ...

	Ebstein Anomaly
	Signs and Symptoms. Severity of symptoms is proportional to the degree of tricuspid valve displacement and function. Symptoms ca...
	Management of Anesthesia. Symptomatic treatment includes pharmacologic therapy for heart failure and dysrhythmias, as well as ca...



	Cyanotic Congenital Heart Disease
	Tetralogy of Fallot
	Signs and Symptoms
	Management of Anesthesia

	Eisenmenger Syndrome
	Signs and Symptoms
	Management of Anesthesia

	Tricuspid Atresia
	Signs and Symptoms
	Management of Anesthesia

	Transposition of the Great Arteries
	Signs and Symptoms
	Management of Anesthesia

	Truncus Arteriosus
	Signs and Symptoms
	Management of Anesthesia

	Partial Anomalous Pulmonary Venous Return
	Total Anomalous Pulmonary Venous Return
	Signs and Symptoms
	Management of Anesthesia

	Hypoplastic Left Heart Syndrome
	Signs and Symptoms
	Management of Anesthesia


	Mechanical Obstruction of the Trachea
	Double Aortic Arch


	NONCARDIAC SURGERY IN THE ADULT PATIENT WITH CONGENITAL HEART DISEASE
	Preoperative Evaluation
	Intraoperative Management
	Postoperative Management

	IMPORTANT MANAGEMENT STRATEGIES FOR ADULTS WITH CONGENITAL HEART DISEASE
	Infective Endocarditis Prophylaxis
	Management of Pulmonary Hypertension
	Balancing Pulmonary and Vascular Resistance (Qp:Qs)

	THE UNIVENTRICULAR HEART DURING DIFFERENT STAGES OF REPAIR
	Surgical Management

	KEY POINTS
	RESOURCES

	8 - Abnormalities of Cardiac Conduction and Cardiac Rhythm
	HISTORICAL ROOTS OF DYSRHYTHMIA DETECTION
	THE ECG AS A MONITOR
	CONDUCTION SYSTEM OF THE HEART
	CARDIAC CONDUCTION DISTURBANCES
	First-Degree Atrioventricular Heart Block
	Second-Degree Atrioventricular Heart Block
	Bundle Branch Blocks
	Right Bundle Branch Block
	Left Bundle Branch Block

	Third-Degree Atrioventricular Heart Block

	CARDIAC DYSRHYTHMIA OVERVIEW
	MECHANISMS OF TACHYDYSRHYTHMIAS
	Increased Automaticity
	Reentry Pathways
	Triggering by Afterdepolarizations

	SUPRAVENTRICULAR DYSRHYTHMIAS
	Sinus Tachycardia
	Premature Atrial Beats
	Paroxysmal Supraventricular Tachycardia
	Wolff-Parkinson-White Syndrome
	Multifocal Atrial Tachycardia
	Atrial Fibrillation
	Atrial Flutter

	VENTRICULAR DYSRHYTHMIAS
	Ventricular Ectopy (Premature Ventricular Beats)
	Ventricular Tachycardia
	Ventricular Fibrillation
	Prolonged QT Syndromes

	MECHANISMS OF BRADYDYSRHYTHMIAS
	Sinus Bradycardia
	Junctional Rhythm

	TREATMENT OF CARDIAC DYSRHYTHMIAS
	Antidysrhythmic Drugs
	Adenosine
	Atropine
	Amiodarone
	β-Adrenergic Blockers
	Calcium Channel Blockers
	Digoxin
	Dopamine
	Epinephrine
	Isoproterenol
	Lidocaine
	Magnesium
	Procainamide
	Sotalol
	Vasopressin
	Twenty-Percent Lipid Emulsion

	Transcutaneous Pacing
	Electrical Cardioversion
	Defibrillation
	Radiofrequency Catheter Ablation

	CARDIAC IMPLANTED ELECTRONIC DEVICES
	Permanently Implanted Cardiac Pacemakers
	Pacing Modes
	Asynchronous Pacing
	Single-Chamber Pacing
	Dual-Chamber Pacing
	DDD Pacing. Dual-chamber pacemakers have two leads, one placed in the right atrium and one located in the right ventricle. DDD p...
	DDI Pacing. In the DDI pacing mode, there is sensing in both the atrium and ventricle, but the only response to a sensed event i...


	Rate-Adaptive Pacemakers
	Anesthesia for Cardiac Pacemaker Insertion

	Permanently Implanted Cardioverter-Defibrillators
	Anesthesia for Insertion of Implantable Cardioverter-Defibrillators

	Cardiac Resynchronization Devices

	SURGERY IN PATIENTS WITH CARDIAC IMPLANTABLE ELECTRONIC DEVICES
	Preoperative Evaluation
	Management of Anesthesia

	KEY POINTS
	RESOURCES

	9 - Systemic and Pulmonary Arterial Hypertension
	SYSTEMIC HYPERTENSION
	Public Health Implications
	Pathophysiology
	Current Treatment of Hypertension
	Lifestyle Modification
	Pharmacologic Therapy
	Treatment of Secondary Hypertension

	Perioperative Implications of Hypertension
	Preoperative Evaluation
	Intraoperative Considerations
	Induction of Anesthesia and Monitoring
	Maintenance of Anesthesia

	Hypertensive Crises
	Acute Postoperative Hypertension

	PULMONARY ARTERIAL HYPERTENSION
	Definitions and Classification
	Definition
	Hemodynamic Classification
	WHO Clinical Classification

	Pathophysiology and Pharmacologic Treatment
	Prostanoids
	Endothelin Receptor Antagonists
	Nitric Oxide/Guanylate Cyclase

	Perioperative Considerations
	Preoperative Evaluation
	Assessing Risk Factors
	Outcome Studies
	Perioperative Physiology
	Right Ventricular Afterload
	Right Ventricular Inotropy
	Myocardial Supply and Demand
	Interventricular Dependence


	Procedural Considerations
	Orthopedics
	Laparoscopy
	Thoracic Surgery


	KEY POINTS
	RESOURCES

	10 - Heart Failure and Cardiomyopathies
	HEART FAILURE
	Definition
	Epidemiology and Costs
	Etiology

	FORMS OF VENTRICULAR DYSFUNCTION
	Systolic and Diastolic Heart Failure
	Systolic Heart Failure
	Diastolic Heart Failure

	Acute and Chronic Heart Failure
	Left-Sided and Right-Sided Heart Failure
	Low-Output and High-Output Heart Failure

	PATHOPHYSIOLOGY OF HEART FAILURE
	Frank-Starling Relationship
	Activation of the Sympathetic Nervous System
	Alterations in Inotropy, Heart Rate, and Afterload
	Humorally Mediated Responses and Biochemical Pathways
	Myocardial Remodeling

	SYMPTOMS AND SIGNS OF HEART FAILURE
	Symptoms
	Signs

	DIAGNOSIS OF HEART FAILURE
	Laboratory Tests
	Electrocardiography
	Chest Radiography
	Echocardiography

	CLASSIFICATION OF HEART FAILURE
	MANAGEMENT OF HEART FAILURE
	Management of Chronic Heart Failure
	Management of Systolic Heart Failure
	Inhibitors of the Renin-Angiotensin-Aldosterone System
	Angiotensin-Converting Enzyme Inhibitors
	Angiotensin II Receptor Blockers
	Aldosterone Antagonists

	β-Blockers
	Statins
	Diuretics
	Vasodilators
	Novel Therapies

	Management of Diastolic Heart Failure
	Surgical Management of Heart Failure
	Anesthetic Considerations for Patients With Implantable Nonpulsatile Ventricular Assist Devices

	Management of Acute Heart Failure
	Diuretics and Vasodilators
	Inotropic Support
	Calcium Sensitizers
	Exogenous B-Type Natriuretic Peptide
	Nitric Oxide Synthase Inhibitors
	Mechanical Devices

	Prognosis

	MANAGEMENT OF ANESTHESIA
	Preoperative Evaluation and Management
	Intraoperative Management
	Postoperative Management

	CARDIOMYOPATHIES
	Hypertrophic Cardiomyopathy
	Signs and Symptoms
	Diagnosis
	Treatment
	Medical Therapy
	Surgical Therapy

	Prognosis
	Management of Anesthesia
	Preoperative Evaluation and Management
	Intraoperative Management
	Parturient Patients. Pregnancy is usually well tolerated in patients with HCM despite the pregnancy-induced decrease in systemic...

	Postoperative Management


	Dilated Cardiomyopathy
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia

	Apical Ballooning Syndrome
	Diagnosis, Treatment, and Prognosis

	Peripartum Cardiomyopathy
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia

	Secondary Cardiomyopathies With Restrictive Physiology
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia

	Cor Pulmonale
	Pathophysiology
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia


	KEY POINTS
	RESOURCES

	11 - Pericardial Disease and Cardiac Trauma
	PERICARDIAL ANATOMY AND FUNCTION
	ACUTE PERICARDITIS
	Diagnosis
	Treatment
	Relapsing Pericarditis
	Pericarditis After Cardiac Surgery

	PERICARDIAL EFFUSION AND CARDIAC TAMPONADE
	Signs and Symptoms
	Cardiac Tamponade
	Loculated Pericardial Effusions

	Diagnosis
	Treatment
	Management of Anesthesia

	CONSTRICTIVE PERICARDITIS
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia

	PERICARDIAL AND CARDIAC TRAUMA
	Diagnosis
	Treatment
	Myocardial Contusion
	Signs and Symptoms
	Diagnosis
	Treatment

	Commotio Cordis

	KEY POINTS
	RESOURCES

	12 - Vascular Disease
	DISEASES OF THE THORACIC AND ABDOMINAL AORTA
	ANEURYSMS AND DISSECTIONS OF THE THORACIC AND ABDOMINAL AORTA
	Incidence
	Etiology
	Classification
	Signs and Symptoms
	Diagnosis
	Medical Management of Aortic Aneurysms
	Preoperative Evaluation
	Indications for Surgery
	Rupture of Abdominal Aortic Aneurysm
	Aortic Dissections
	Type A Dissection
	Ascending Aorta. All patients with acute dissection involving the ascending aorta should be considered candidates for surgery. T...
	Aortic Arch. In patients with acute aortic arch dissection, resection of the aortic arch (i.e., the segment of aorta that extend...
	Descending Thoracic Aorta. Patients with an acute but uncomplicated type B aortic dissection who have normal hemodynamics, no pe...


	Unique Risks of Surgery
	Surgical Approach
	Anterior Spinal Artery Syndrome. Cross-clamping the thoracic aorta can result in ischemic damage to the spinal cord (see Fig. 12...
	Spinal Cord Blood Supply. The spinal cord is supplied by one anterior spinal artery and two posterior spinal arteries (Fig. 12.6...
	Risk Factors. The risk of paraplegia during thoracic aortic surgery is determined by the interaction of four factors: (1) the de...

	Hemodynamic Responses to Aortic Cross-Clamping. Thoracic aortic cross-clamping and unclamping are associated with severe hemodyn...
	Hemodynamic Responses to Aortic Unclamping. Unclamping of the thoracic aorta is associated with substantial decreases in systemi...



	Management of Anesthesia
	Monitoring Blood Pressure
	Monitoring Neurologic Function
	Monitoring Cardiac Function
	Monitoring Intravascular Volume and Renal Function
	Induction and Maintenance of Anesthesia

	Postoperative Management

	ENDOVASCULAR AORTIC ANEURYSM REPAIR
	Complications
	Anesthetic Management
	Postoperative Management

	CAROTID ARTERY DISEASE AND STROKE
	Epidemiology and Risk Factors
	Cerebrovascular Anatomy
	Diagnostic Tests
	Treatment of Stroke
	Carotid Endarterectomy
	Preoperative Evaluation
	Management of Anesthesia
	Postoperative Management and Complications

	Endovascular Treatment of Carotid Disease

	PERIPHERAL ARTERIAL DISEASE
	Chronic Arterial Insufficiency
	Risk Factors
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia
	Postoperative Management

	Subclavian Steal Syndrome
	Coronary-Subclavian Steal Syndrome
	Acute Arterial Occlusion
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia

	Raynaud Phenomenon
	Diagnosis
	Treatment
	Management of Anesthesia


	PERIPHERAL VENOUS DISEASE
	Superficial Thrombophlebitis and Deep Vein Thrombosis
	Prevention of Venous Thromboembolism
	Clinical Risk Factors
	Regional Anesthesia

	Treatment of Deep Vein Thrombosis
	Complications of Anticoagulation



	SYSTEMIC VASCULITIS
	Temporal (Giant Cell) Arteritis
	Thromboangiitis Obliterans (Buerger Disease)
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Polyarteritis Nodosa
	Lower Extremity Chronic Venous Disease

	KEY POINTS
	RESOURCES

	13 - Diseases Affecting the Brain
	CEREBRAL BLOOD FLOW, BLOOD VOLUME, AND METABOLISM
	Arterial Carbon Dioxide Partial Pressure
	Arterial Oxygen Partial Pressure
	Cerebral Perfusion Pressure and Cerebral Autoregulation
	Venous Blood Pressure
	Anesthetic Drugs

	INCREASED INTRACRANIAL PRESSURE
	Methods to Decrease Intracranial Pressure
	Specific Causes of Increased Intracranial Pressure
	Aqueductal Stenosis
	Benign Intracranial Hypertension
	Normal Pressure Hydrocephalus


	INTRACRANIAL TUMORS
	Tumor Types
	Astrocytoma
	Oligodendroglioma
	Ependymoma
	Primitive Neuroectodermal Tumor
	Meningioma
	Pituitary Tumor
	Acoustic Neuroma
	Central Nervous System Lymphoma
	Metastatic Tumor

	Management of Anesthesia
	Preoperative Management
	Induction of Anesthesia
	Maintenance of Anesthesia
	Fluid Therapy
	Monitoring
	Postoperative Management
	Sitting Position and Venous Air Embolism


	DISORDERS RELATED TO VEGETATIVE BRAIN FUNCTION
	Coma
	Management of Anesthesia

	Brain Death and Organ Donation
	Management of Anesthesia


	CEREBROVASCULAR DISEASE
	Cerebrovascular Anatomy
	Acute Ischemic Stroke
	Management of Acute Ischemic Stroke

	Perioperative and Periprocedural Stroke
	Acute Hemorrhagic Stroke
	Intraparenchymal Hemorrhage
	Epidural Hematoma
	Subdural Hematoma
	Subarachnoid Hemorrhage and Intracranial Aneurysms
	Management of Anesthesia

	Arteriovenous Malformation
	Venous Angioma
	Cavernous Angioma
	Capillary Telangiectasia
	Arteriovenous Fistula
	Management of Anesthesia

	Moyamoya Disease
	Management of Anesthesia


	TRAUMATIC BRAIN INJURY
	Management of Anesthesia
	Induction and Maintenance of Anesthesia


	CONGENITAL ANOMALIES OF THE BRAIN
	Chiari Malformation
	Tuberous Sclerosis
	Von Hippel-Lindau Disease
	Neurofibromatosis
	Management of Anesthesia


	DEGENERATIVE DISEASES OF THE BRAIN
	Alzheimer’s Disease
	Parkinson’s Disease
	Management of Anesthesia

	Hallervorden-Spatz Disease
	Huntington’s Disease
	Torticollis
	Transmissible Spongiform Encephalopathies
	Multiple Sclerosis
	Management of Anesthesia

	Postpolio Syndrome

	SEIZURE DISORDERS
	Pharmacologic Treatment
	Status Epilepticus
	Management of Anesthesia

	NEUROOCULAR DISORDERS
	Leber Optic Atrophy
	Retinitis Pigmentosa
	Kearns-Sayre Syndrome
	Ischemic Optic Neuropathy
	Anterior Ischemic Optic Neuropathy
	Posterior Ischemic Optic Neuropathy

	Cortical Blindness
	Retinal Artery Occlusion
	Ophthalmic Venous Obstruction

	KEY POINTS
	RESOURCES

	14 - Spinal Cord Disorders
	ACUTE SPINAL CORD INJURY
	Management of Anesthesia

	CHRONIC SPINAL CORD INJURY
	Management of Anesthesia

	AUTONOMIC HYPERREFLEXIA
	SPINAL CORD TUMORS
	Management of Anesthesia

	INTERVERTEBRAL DISK DISEASE
	Cervical Disk Disease
	Management of Anesthesia

	Lumbar Disk Disease

	CONGENITAL AND DEGENERATIVE DISEASES OF THE VERTEBRAL COLUMN AND SPINAL CORD
	Spina Bifida Occulta
	Meningocele and Myelomeningocele
	Tethered Spinal Cord Syndrome
	Syringomyelia
	Spondylosis and Spondylolisthesis
	Amyotrophic Lateral Sclerosis
	Friedreich’s Ataxia

	KEY POINTS
	RESOURCES

	15 - Diseases of the Autonomic and Peripheral Nervous Systems
	AUTONOMIC DISORDERS
	Multiple System Atrophy
	Management of Anesthesia

	Orthostatic Intolerance Syndrome
	Management of Anesthesia

	Paraganglioma
	Management of Anesthesia

	Carotid Sinus Hypersensitivity
	Management of Anesthesia

	Hyperhidrosis
	Management of Anesthesia


	DISEASES OF THE PERIPHERAL NERVOUS SYSTEM
	Idiopathic Facial Paralysis (Bell’s Palsy)
	Trigeminal Neuralgia (Tic Douloureux)
	Glossopharyngeal Neuralgia
	Management of Anesthesia

	Charcot-Marie-Tooth Disease
	Management of Anesthesia

	Brachial Plexus Neuropathy
	Guillain-Barré Syndrome (Acute Idiopathic Polyneuritis)
	Management of Anesthesia

	Entrapment Neuropathies
	Carpal Tunnel Syndrome
	Ulnar Neuropathy
	Meralgia Paresthetica

	Complex Regional Pain Syndrome
	Management of Anesthesia

	Diseases Associated With Peripheral Neuropathies
	Diabetes Mellitus
	Alcohol Abuse
	Vitamin B12 Deficiency
	Uremia
	Cancer
	Collagen Vascular Diseases
	Sarcoidosis
	AIDS-Associated Neuropathy

	Perioperative Peripheral Neuropathies

	KEY POINTS
	RESOURCES

	16 - Diseases of Aging
	INTRODUCTION
	BIOLOGY OF AGING
	PHYSIOLOGIC EFFECTS OF AGING
	Central Nervous System
	Cardiovascular System
	Respiratory System
	Renal System, Fluids, and Electrolytes
	Gastrointestinal System
	Immune System
	Endocrine Function Changes
	Sarcopenia and Body Composition

	FRAILTY
	GERIATRIC SYNDROMES
	Dementia
	Falls and Balance Disorders

	PHARMACOKINETIC AND PHARMACODYNAMIC CHANGES WITH AGING
	Management of Anesthesia
	Inhalational Anesthetics
	Propofol
	Etomidate
	Thiopental
	Midazolam
	Opioids
	Fentanyl
	Remifentanil
	Meperidine

	Neuromuscular Blocking Drugs


	PERIOPERATIVE OUTCOMES AFTER CARDIAC AND NONCARDIAC SURGERY
	PERIOPERATIVE CARE OF ELDERLY PATIENTS
	Preoperative Assessment
	Nutrition and Anorexia
	Functional Status
	Cognition
	Medication Review
	Goals of Care
	Preoperative Assessment of Patients Undergoing Urgent or Emergent Surgery

	Intraoperative Management
	Monitoring
	Anesthetic Management
	Fluid Therapy/Blood Transfusion

	Postoperative Management
	Postoperative Delirium and Cognitive Dysfunction
	Postoperative Pain Control

	Care of the Elderly in the ICU

	KEY POINTS
	RESOURCES

	17 - Diseases of the Liver and Biliary Tract
	EPIDEMIOLOGY OF LIVER DISEASE
	FUNCTION OF THE LIVER
	Liver Anatomy and Physiology
	Assessment of Liver Function

	DISEASES OF THE BILIARY TRACT
	Biliary Tract Anatomy
	Cholelithiasis
	Choledocholithiasis

	HYPERBILIRUBINEMIA
	Gilbert Syndrome
	Crigler-Najjar Syndrome
	Benign Postoperative Intrahepatic Cholestasis

	HEPATITIDES
	Viral Hepatitis
	Nonalcoholic Fatty Liver Disease
	Alcoholic Liver Disease
	Inborn Errors of Metabolism
	Wilson Disease
	α1-Antitrypsin Deficiency
	Hemochromatosis

	Autoimmune Hepatitis
	Primary Biliary Cirrhosis
	Primary Sclerosing Cholangitis
	Drug/Toxin-Induced Liver Disease
	Cardiac Causes of Liver Disease

	ACUTE LIVER FAILURE
	CIRRHOSIS
	Portal Hypertension
	Ascites and Spontaneous Bacterial Peritonitis
	Varices
	Hepatic Encephalopathy
	Hepatorenal Syndrome
	Hepatopulmonary Syndrome
	Portopulmonary Hypertension

	ANESTHESIA FOR PATIENTS WITH LIVER DISEASE
	PROCEDURES AND OPERATIONS FOR LIVER DISEASE
	Transjugular Intrahepatic Portosystemic Shunt
	Partial Hepatectomy
	Liver Transplantation

	KEY POINTS
	RESOURCES

	18 - Diseases of the Gastrointestinal System
	PROCEDURES TO EVALUATE AND TREAT DISEASES OF THE GASTROINTESTINAL SYSTEM
	Upper Gastrointestinal Endoscopy
	Colonoscopy
	Other Diagnostic Tools

	DISEASES OF THE ESOPHAGUS
	Symptoms of Esophageal Disease
	Esophageal Motility Disorders
	The Chicago Classification
	Achalasia
	Treatment
	Anesthetic Concerns

	Distal Esophageal Spasm

	Esophageal Structural Disorders
	Esophageal Diverticula
	Hiatal Hernia
	Esophageal Tumors
	Esophagectomy
	Morbidity and Mortality. The morbidity and mortality of esophagectomy are quite high. Morbidity rates are almost 50% in speciali...
	Anesthetic Implications. Patients are often malnourished (protein-calorie malnutrition) before esophagectomy and for many months...



	Gastroesophageal Reflux Disease
	Pathophysiology of GERD
	Complications of GERD
	Treatment
	Perioperative Management and Anesthetic Considerations


	PEPTIC ULCER DISEASE
	Complications
	Bleeding
	Perforation
	Obstruction

	Gastric Ulcer
	Stress Gastritis
	Treatment
	Antacids
	H2-Receptor Antagonists
	Proton Pump Inhibitors
	Prostaglandin Analogues
	Cytoprotective Agents
	Miscellaneous Drugs
	Treatment of Helicobacter pylori Infection
	Surgical Treatment


	ZOLLINGER-ELLISON SYNDROME
	Pathophysiology
	Treatment
	Management of Anesthesia

	POSTGASTRECTOMY SYNDROMES
	Dumping
	Alkaline Reflux Gastritis

	INFLAMMATORY BOWEL DISEASE
	Ulcerative Colitis
	Complications

	Crohn’s Disease
	Treatment of Inflammatory Bowel Disease
	Surgical Treatment
	Medical Treatment


	CARCINOID TUMORS
	Carcinoid Tumors Without Carcinoid Syndrome
	Carcinoid Tumors With Systemic Symptoms Due to Secreted Products
	Carcinoid Syndrome
	Treatment
	Management of Anesthesia

	ACUTE PANCREATITIS
	Pathogenesis
	Complications
	Treatment
	Chronic Pancreatitis

	GASTROINTESTINAL BLEEDING
	Upper Gastrointestinal Tract Bleeding
	Lower Gastrointestinal Tract Bleeding

	ADYNAMIC ILEUS
	KEY POINTS
	RESOURCES

	19 - Inborn Errors of Metabolism
	PORPHYRIAS
	Classification
	Acute Porphyrias
	Acute Intermittent Porphyria
	Variegate Porphyria
	Hereditary Coproporphyria
	ALA Dehydratase Porphyria

	Nonacute Porphyrias
	Porphyria Cutanea Tarda
	Congenital Erythropoietic Protoporphyria
	Erythropoietic Protoporphyria
	X-Linked Protoporphyria

	Acute Attacks of Porphyria
	Triggering Drugs

	Management of Anesthesia
	Regional Anesthesia
	General Anesthesia
	Treatment of a Porphyric Crisis


	DISORDERS OF PURINE METABOLISM
	Gout
	Treatment
	Management of Anesthesia

	Lesch-Nyhan Syndrome

	DISORDERS OF CARBOHYDRATE METABOLISM
	HEMOCHROMATOSIS
	WILSON DISEASE
	KEY POINTS
	RESOURCES

	20 - Nutritional Diseases: Obesity and Malnutrition
	OBESITY
	Definition
	Epidemiology
	Pathophysiology
	Fat Storage
	Cellular Disturbances
	Genetic Factors
	Environmental Factors
	Psychological and Socioeconomic Factors

	Diseases Associated With Obesity
	Endocrine Disorders
	Glucose Intolerance and Diabetes Mellitus Type 2
	Endocrinopathies Causing Obesity

	Cardiovascular Disorders
	Systemic Hypertension
	Cardiac Disease
	Coronary Artery Disease. Obesity seems to be an independent risk factor for the development of ischemic heart disease, and this ...
	Heart Failure. Obesity is an independent risk factor for heart failure. In its staging of heart failure, the American College of...


	Respiratory Disorders
	Lung Volumes
	Gas Exchange and Work of Breathing
	Lung Compliance and Airway Resistance
	Obstructive Sleep Apnea
	Obesity Hypoventilation Syndrome

	Gastrointestinal Disorders
	Nonalcoholic Fatty Liver Disease/Nonalcoholic Steatohepatitis
	Gallbladder Disease
	Gastric Emptying and Gastroesophageal Reflux Disease

	Inflammatory Syndrome of Obesity
	Cancer
	Thromboembolic Disorders
	Musculoskeletal Disorders
	Degenerative Joint Disease

	Nervous System

	Treatment of Obesity
	Nonpharmacologic Therapy
	Medical Therapy
	Surgical Therapy
	Types of Bariatric Surgery
	Restrictive Bariatric Procedures. Laparoscopic adjustable gastric banding, sleeve gastrectomy, and vertical banded gastroplasty ...
	Malabsorptive Bariatric Procedures. Malabsorptive procedures include distal gastric or jejunoileal bypass, biliopancreatic diver...
	Combined Bariatric Procedure. The combined bariatric procedure called Roux-en-Y gastric bypass (RYGB) includes both gastric rest...

	Surgical Complications
	Protein-Calorie Malnutrition. Severe malnutrition is the most serious metabolic complication of bariatric surgery. Red meat is p...
	Fat Malabsorption. Fat-soluble vitamin malabsorption and fat malabsorption (evidenced by steatorrhea) are common with RYGB and B...

	Consideration of Bariatric Surgery in Pediatric and Adolescent Patients


	Management of Anesthesia in Obese Patients
	Preoperative Evaluation
	Physical Examination and Airway Examination
	Preoperative Diagnostic Tests
	Home Medications

	Intraoperative Management
	Positioning
	Laparoscopic Surgery
	Choice of Anesthesia
	Regional Anesthesia. Regional anesthesia—spinal anesthesia, epidural anesthesia, and peripheral nerve block—may be technically d...
	General Anesthesia. Induction of general anesthesia in the obese patient is not without risks. The anesthetic plan, including al...

	Airway Management
	Management of Ventilation

	Induction and Maintenance of Anesthesia
	Pharmacokinetics of Anesthetic Drugs
	Monitoring
	Fluid Management
	Emergence

	Postoperative Management
	Transport
	Postoperative Analgesia
	Respiratory and Cardiovascular Monitoring and Management
	Discharge to an Unmonitored Setting
	Postoperative Complications



	MALNUTRITION AND VITAMIN DEFICIENCIES
	Malnutrition
	Enteral Nutrition
	Parenteral Nutrition

	Vitamin Deficiencies

	KEY POINTS
	RESOURCES

	21 - Fluid, Electrolyte, and Acid-Base Disorders
	ABNORMALITIES OF WATER, OSMOLALITY, AND ELECTROLYTES
	Water and Osmolal Homeostasis

	DISORDERS OF SODIUM
	Hyponatremia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia

	Transurethral Resection of the Prostate (TURP) Syndrome
	Hypernatremia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia


	DISORDERS OF POTASSIUM
	Hypokalemia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia

	Hyperkalemia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia


	DISORDERS OF CALCIUM
	Hypocalcemia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia

	Hypercalcemia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia


	DISORDERS OF MAGNESIUM
	Hypomagnesemia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia

	Hypermagnesemia
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia


	ACID-BASE DISORDERS
	Respiratory Acidosis
	Respiratory Alkalosis
	Metabolic Acidosis
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia

	Metabolic Alkalosis
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia


	KEY POINTS
	RESOURCES

	22 - Renal Disease
	CLINICAL ASSESSMENT OF RENAL FUNCTION
	Glomerular Filtration Rate
	Creatinine Clearance
	Serum Creatinine
	Blood Urea Nitrogen
	Renal Tubular Function and Integrity
	Urine Concentrating Ability
	Proteinuria
	Fractional Excretion of Sodium
	Urinalysis
	Other Biomarkers of Renal Function


	ACUTE KIDNEY INJURY
	Etiology
	Prerenal Azotemia
	Renal Azotemia
	Postrenal Azotemia

	Risk Factors
	Diagnosis
	Complications
	Treatment
	Prognosis
	Drug Dosing in Patients With Renal Impairment
	Management of Anesthesia

	CHRONIC KIDNEY DISEASE
	Diagnosis
	Progression of Chronic Kidney Disease
	Adaptation to Chronic Kidney Disease
	Complications
	Uremic Syndrome
	Renal Osteodystrophy
	Anemia
	Uremic Bleeding
	Neurologic Changes
	Cardiovascular Changes

	Treatment
	Blood Pressure
	Nutrition
	Anemia
	Renal Replacement Therapy
	Hemodialysis and Associated Clinical Challenges
	Vascular Access. A surgically created vascular access site is necessary for effective hemodialysis (Fig. 22.3). Native arteriove...
	Nutrition and Fluid Balance. During progressive renal failure, catabolism and anorexia lead to loss of lean body mass, but conco...
	Infection. Infection is the second leading cause of death in patients with ESRD. Contributing factors include impaired phagocyto...


	Peritoneal Dialysis
	Drug Clearance in Patients Undergoing Dialysis
	Perioperative Hemodialysis


	Management of Anesthesia
	Preoperative Evaluation
	Induction of Anesthesia
	Maintenance of Anesthesia
	Fluid Management and Urine Output
	Monitoring
	Associated Concerns
	Regional Anesthesia


	Postoperative Management

	RENAL TRANSPLANTATION
	Management of Anesthesia
	General Anesthesia
	Regional Anesthesia

	Postoperative Complications
	Anesthetic Considerations in Renal Transplant Recipients Undergoing Surgery

	PRIMARY DISEASES OF THE KIDNEYS
	Glomerulonephritis
	Nephrotic Syndrome
	Pathophysiology
	Thromboembolic Complications
	Infection
	Protein Binding
	Nephrotic Edema

	Goodpasture Syndrome
	Acute Interstitial Nephritis
	Hereditary Nephritis
	Polycystic Kidney Disease
	Renal Tubular Acidosis
	Fanconi Syndrome
	Bartter and Gitelman Syndromes
	Nephrolithiasis
	Treatment

	Renal Hypertension
	Uric Acid Nephropathy
	Hepatorenal Syndrome
	Benign Prostatic Hyperplasia
	Medical Therapy
	Invasive Treatments
	Transurethral Resection of the Prostate (TURP) Syndrome
	Intravascular Volume Expansion. Rapid intravascular fluid volume expansion from systemic absorption of irrigating fluids (absorp...
	Intravascular Volume Loss. Perioperative hypotension during TURP is sometimes preceded by systemic hypertension. It is conceivab...
	Hyponatremia. Acute hyponatremia due to intravascular absorption of sodium-free irrigating fluids may cause confusion, agitation...
	Hypoosmolality. Hypoosmolality rather than hyponatremia may be the crucial physiologic derangement leading to CNS dysfunction in...
	Hyperammonemia. Hyperammonemia is a result of the use of glycine-containing irrigation solutions, with subsequent systemic absor...
	Hyperglycinemia. Glycine is an inhibitory neurotransmitter similar to γ-aminobutyric acid in the spinal cord and brain. The use ...




	KEY POINTS
	RESOURCES

	23 - Endocrine Disease
	DIABETES MELLITUS
	Signs and Symptoms
	Type 1 Diabetes
	Type 2 Diabetes

	Diagnosis
	Treatment
	Oral Antidiabetic Drugs
	Insulin

	Complications
	Diabetic Ketoacidosis
	Hyperglycemic Hyperosmolar Syndrome
	Microvascular Complications
	Nephropathy
	Peripheral Neuropathy
	Retinopathy
	Autonomic Neuropathy

	Macrovascular Complications

	Management of Anesthesia
	Preoperative Evaluation
	Intraoperative Management
	Postoperative Care


	INSULINOMA
	THYROID DISEASE
	Diagnosis
	Hyperthyroidism
	Signs and Symptoms
	Treatment
	Management of Anesthesia
	Thyroid Storm

	Hypothyroidism
	Signs and Symptoms
	Treatment
	Management of Anesthesia
	Myxedema Coma

	Goiter and Thyroid Tumors
	Complications of Thyroid Surgery

	PHEOCHROMOCYTOMA
	Signs and Symptoms
	Diagnosis
	Management of Anesthesia
	Preoperative Management
	Intraoperative Management
	Postoperative Management


	ADRENAL GLAND DYSFUNCTION
	Hypercortisolism (Cushing Syndrome)
	Primary Hyperaldosteronism (Conn Syndrome)
	Hypoaldosteronism
	Adrenal Insufficiency
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia


	PARATHYROID GLAND DYSFUNCTION
	Hyperparathyroidism
	Hypoparathyroidism

	PITUITARY GLAND DYSFUNCTION
	Acromegaly
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Diabetes Insipidus
	Syndrome of Inappropriate Antidiuretic Hormone Secretion (SIADH)

	KEY POINTS
	RESOURCES

	24 - Hematologic Disorders
	PHYSIOLOGY OF ANEMIA
	The Transfusion Trigger
	Management of Anesthesia: General Concepts for Anemia

	EVALUATION AND CLASSIFICATION OF ANEMIA
	Microcytic Anemias
	Iron Deficiency Anemia
	Diagnosis
	Treatment

	Thalassemia
	Thalassemia Minor
	Thalassemia Intermedia
	Thalassemia Major
	Management of Anesthesia


	Normocytic Anemias
	Hemolytic Anemias
	Disorders of Red Cell Structure
	Hereditary Spherocytosis. Abnormalities in membrane protein composition can result in lifelong hemolytic anemia. Hereditary sphe...
	Management of Anesthesia. Anesthetic risk in these patients is dictated by the severity of the anemia and whether the hemolysis ...

	Hereditary Elliptocytosis. Hereditary elliptocytosis is caused by an abnormality in one of the membrane proteins, spectrin or gl...
	Acanthocytosis. Acanthocytosis is another defect in membrane structure found in patients with a congenital lack of β-lipoprotein...
	Paroxysmal Nocturnal Hemoglobinuria. Paroxysmal nocturnal hemoglobinuria (PNH) is a stem cell disorder that may arise in hematop...
	Treatment of PNH. In the past, the life expectancy of patients with PNH was 8–10 years after diagnosis. In 2007 the US Food and ...
	Management of Anesthesia. The nocturnal manifestation of hemolysis is thought to result from carbon dioxide retention and the su...


	Disorders of Red Cell Metabolism
	Embden-Meyerhof Pathway. The Embden-Meyerhof pathway (nonoxidative or anaerobic pathway) is responsible for generation of the AT...
	Phosphogluconate Pathway. The phosphogluconate pathway couples oxidative metabolism with nicotinamide adenine dinucleotide phosp...
	Glucose-6-Phosphate Dehydrogenase Deficiency. G6PD deficiency is an X-linked genetic disease and is the most common enzymatic di...
	Pyruvate Kinase Deficiency. Pyruvate kinase deficiency, an autosomal recessive disorder, is the most common erythrocyte enzyme d...

	Methemoglobin Reductase Pathway. The methemoglobin reductase pathway uses the pyridine nucleotide–reduced nicotinamide adenine d...
	Luebering-Rapoport Pathway. The Luebering-Rapoport pathway is responsible for production of 2,3-DPG. A single enzyme—2,3 bisphos...

	Disorders of Hemoglobin
	Sickle S Hemoglobin. Sickle cell disease is a disorder caused by the substitution of valine for glutamic acid in the β-globin su...
	Management of Anesthesia. Sickle cell trait does not cause an increase in perioperative morbidity or mortality. However, sickle ...

	Sickle C Hemoglobin. The prevalence of HbC is about one-fourth that of HbS. HbC causes the erythrocyte to lose water via enhance...
	Management of Anesthesia. The anesthetic risks of HbSC disease have not been as well studied as those of HbSS disease. However, ...

	Sickle Hemoglobin–β-Thalassemia. Among African Americans, the frequency of the β-thalassemia gene is only one-tenth that of the ...
	Unstable Hemoglobins. Hbs are made unstable by structural changes that reduce their solubility or render them more susceptible t...
	Management of Anesthesia. Anesthetic management of patients with unstable Hbs is largely dictated by the degree of hemolysis. Tr...


	Autoimmune Hemolytic Anemias

	Anemia of Chronic Disease
	Treatment

	Anemia of Chronic Kidney Disease
	Aplastic Anemia
	Management of Anesthesia


	Macrocytic/Megaloblastic Anemias
	Folate and Vitamin B12 Deficiency Anemia


	OTHER HEMOGLOBIN-RELATED DISORDERS
	Hemoglobins With Increased Oxygen Affinity
	Management of Anesthesia

	Hemoglobins With Decreased Oxygen Affinity
	Methemoglobinemia
	Management of Anesthesia



	POLYCYTHEMIA
	Physiology of Polycythemia
	Polycythemia Vera
	Management of Anesthesia

	Secondary Polycythemia Due to Hypoxia
	Secondary Polycythemia Due to Increased Erythropoietin Production
	Management of Anesthesia in Secondary Polycythemia


	DISORDERS OF HEMOSTASIS
	Normal Hemostasis
	Cascade Coagulation Model
	New Coagulation Model

	Hemostatic Disorders Affecting Coagulation Factors of the Initiation Phase
	Factor VII Deficiency
	Management of Anesthesia

	Congenital Deficiencies in Factor X, Factor V, and Prothrombin (Factor II)

	Hemostatic Disorders Affecting Coagulation Factors of the Propagation Phase
	Congenital Factor VIII Deficiency: Hemophilia A
	Management of Anesthesia

	Congenital Factor IX Deficiency: Hemophilia B
	Management of Anesthesia

	Acquired Factor VIII or IX Inhibitors
	Management of Anesthesia

	Factor XI Deficiency
	Management of Anesthesia

	Congenital Abnormalities in Fibrinogen
	Hypofibrinogenemia and Afibrinogenemia
	Dysfibrinogenemia
	Management of Anesthesia. Most patients with dysfibrinogenemia have no clinical disease. Those who are symptomatic and at risk o...


	Factor XIII Deficiency
	Management of Anesthesia



	ARTERIAL COAGULATION
	Disorders Affecting Platelet Number
	General Concepts for Treating Thrombocytopenia

	Congenital Disorders Resulting in Platelet Production Defects
	Acquired Disorders Resulting in Platelet Production Defects
	Management of Anesthesia

	Nonimmune Platelet Destruction Disorders
	Thrombotic Thrombocytopenic Purpura
	Hemolytic Uremic Syndrome
	HELLP Syndrome
	Management of Anesthesia in Nonimmune Platelet Destruction Disorders

	Autoimmune Platelet Destruction Disorders
	Thrombocytopenic Purpura in Adults
	Posttransfusion Purpura
	Drug-Induced Autoimmune Thrombocytopenia
	Heparin-Induced Thrombocytopenia. The association of heparin with thrombocytopenia deserves special discussion. Heparin-induced ...
	Management of Anesthesia. Platelet transfusions are appropriate if a patient with thrombocytopenia is experiencing life-threaten...

	Idiopathic Thrombocytopenic Purpura
	Management of Anesthesia. Severe ITP associated with bleeding in adults should be treated as a medical emergency, with administr...



	Qualitative Platelet Disorders
	Congenital Disorders Affecting Platelet Function
	Von Willebrand Disease
	Type 1 Disease. Type 1 vWD (80% of cases) represents a quantitative defect in plasma vWF levels. Clinical severity is quite vari...
	Type 2 Disease. Type 2 vWD is characterized by a qualitative defect in plasma vWF. This can involve a reduction in the number of...
	Type 3 Disease. Type 3 vWD is characterized by the virtual absence of circulating vWF antigen and very low levels of both vWF ac...
	Management of Anesthesia. The type of vWD and its severity, as well as the nature, urgency, and location of the surgical procedu...


	Acquired Abnormalities of Platelet Function
	Myeloproliferative Disease
	Dysproteinemia
	Uremia
	Liver Disease
	Inhibition by Drugs

	Management of Anesthesia in Patients With Qualitative Platelet Disorders


	HYPERCOAGULABLE DISORDERS
	Heritable Causes of Hypercoagulability
	Thrombophilia Due to Decreased Antithrombotic Proteins
	Hereditary Antithrombin Deficiency
	Hereditary Protein C and Protein S Deficiency

	Thrombophilia Due to Increased Prothrombotic Proteins
	Factor V Leiden
	Prothrombin Gene Mutation


	Acquired Causes of Hypercoagulability
	Myeloproliferative Disorders
	Malignancies
	Pregnancy and Oral Contraceptive Use
	Nephrotic Syndrome
	Antiphospholipid Antibodies

	Management of Anesthesia in Venous Hypercoagulable Disorders
	Anesthetic Considerations in Patients Receiving Long-Term Anticoagulant Therapy

	Acquired Hypercoagulability of the Arterial Vasculature
	Heart Disease


	KEY POINTS
	RESOURCES

	25 - Skin and Musculoskeletal Diseases
	SKIN DISEASES
	Acanthosis Nigricans
	Atopic Dermatitis
	Epidermolysis Bullosa
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Pemphigus
	Treatment
	Management of Anesthesia

	Mastocytosis
	Signs and Symptoms
	Management of Anesthesia

	Urticaria
	Chronic Urticaria
	Cold Urticaria
	Management of Anesthesia


	Erythema Multiforme
	Scleroderma
	Signs and Symptoms
	Management of Anesthesia


	DISORDERS OF ELASTIN AND COLLAGEN
	Pseudoxanthoma Elasticum
	Management of Anesthesia

	Ehlers-Danlos Syndrome
	Signs and Symptoms
	Management of Anesthesia

	Marfan Syndrome
	Cardiovascular System
	Management of Anesthesia


	INFLAMMATORY MYOPATHIES
	Polymyositis and Dermatomyositis
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia


	MUSCULAR DYSTROPHY
	Pseudohypertrophic Muscular Dystrophy (Duchenne Muscular Dystrophy)
	Management of Anesthesia

	Becker Muscular Dystrophy
	Limb-Girdle Muscular Dystrophy
	Facioscapulohumeral Muscular Dystrophy
	Oculopharyngeal Dystrophy
	Emery-Dreifuss Muscular Dystrophy
	Myotonic Dystrophy
	Myotonia Dystrophica
	Signs and Symptoms
	Management of Anesthesia



	INHERITED MYOPATHIES
	Nemaline Rod Myopathy
	Management of Anesthesia

	Myotonia Congenita
	Paramyotonia Congenita
	Periodic Paralysis
	Etiology
	Management of Anesthesia
	Hypokalemic Periodic Paralysis
	Hyperkalemic Periodic Paralysis


	Central Core Disease
	Multicore Myopathy
	Management of Anesthesia

	Centronuclear Myopathy
	Management of Anesthesia


	MITOCHONDRIAL MYOPATHIES
	Kearns-Sayre Syndrome
	Management of Anesthesia


	OTHER MYOPATHIES
	Alcoholic Myopathy
	Floppy Infant Syndrome
	Management of Anesthesia


	DISEASES OF THE NEUROMUSCULAR JUNCTION
	Myasthenia Gravis
	Classification
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Myasthenic Syndrome
	Management of Anesthesia


	SKELETAL DISEASES
	Osteoarthritis
	Kyphoscoliosis
	Signs and Symptoms
	Management of Anesthesia

	Back Pain
	Acute Low Back Pain
	Lumbar Spinal Stenosis

	Rheumatoid Arthritis
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Systemic Lupus Erythematosus
	Diagnosis
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Spondyloarthropathies
	Ankylosing Spondylitis
	Treatment
	Management of Anesthesia

	Reactive Arthritis
	Chronic Juvenile Polyarthropathy
	Enteropathic Arthritis

	Paget’s Disease
	Dwarfism
	Achondroplasia
	Management of Anesthesia

	Russell-Silver Syndrome
	Management of Anesthesia


	Tumoral Calcinosis
	Disorders of the Shoulder
	Tracheomegaly
	Prader-Willi Syndrome
	Prune-Belly Syndrome
	Meige Syndrome
	Spasmodic Dysphonia
	Management of Anesthesia

	Chondrodysplasia Calcificans
	Erythromelalgia
	Farber Lipogranulomatosis
	Klippel-Feil Syndrome
	Osteogenesis Imperfecta
	Management of Anesthesia

	Fibrodysplasia Ossificans
	Deformities of the Sternum
	Macroglossia

	KEY POINTS
	RESOURCES

	26 - Infectious Diseases
	INFECTION PREVENTION OVERVIEW
	Antibiotic Resistance
	Surgical Site Infections
	Risk Factors for Surgical Site Infections
	Signs and Symptoms
	Diagnosis
	Management of Anesthesia
	Preoperative
	Prophylactic Antibiotics. It was recognized many years ago that prophylactic administration of antimicrobial agents prevents pos...
	Physical and Physiologic Preventive Measures. Several simple physical measures have been studied to determine their effects on t...
	Oxygen. An easy method of improving oxygen tension is to increase the concentration of inspired oxygen. Studies of patients unde...
	Analgesia. Superior treatment of surgical pain is associated with increased postoperative subcutaneous oxygen partial pressures ...
	Carbon Dioxide. Hypocapnia occurs frequently during anesthesia and can be deleterious for many reasons, particularly because of ...
	Glucose. The results of studies to date suggest that in the perioperative period, the ideal blood glucose goal should be in the ...
	Wound-Probing Protocols. Current studies suggest that infection of contaminated wounds can be decreased by following wound-probi...




	BLOODBORNE INFECTIONS
	Bloodstream Infections
	Signs and Symptoms
	Diagnosis
	Treatment
	Management of Anesthesia
	Preoperative
	Intraoperative
	Postoperative


	Sepsis
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia
	Preoperative
	Intraoperative
	Postoperative



	GASTROINTESTINAL INFECTIONS
	Clostridium Difficile Infection
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia
	Preoperative
	Intraoperative
	Postoperative



	CUTANEOUS INFECTIONS
	Necrotizing Soft Tissue Infection
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia
	Preoperative
	Intraoperative
	Postoperative


	Tetanus
	Signs and Symptoms
	Treatment
	Management of Anesthesia


	RESPIRATORY INFECTIONS
	Pneumonia
	Community-Acquired Pneumonia
	Aspiration Pneumonia
	Postoperative Pneumonia
	Lung Abscess
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia

	Ventilator-Associated Pneumonia
	Diagnosis
	Treatment and Prognosis
	Management of Anesthesia

	Severe Acute Respiratory Syndrome and Influenza
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia
	Preoperative
	Intraoperative
	Postoperative


	Tuberculosis
	Diagnosis
	Treatment
	Management of Anesthesia


	INFECTIOUS DISEASES IN SOLID ORGAN TRANSPLANT RECIPIENTS
	Infectious Disease Occurrence
	Management of Anesthesia
	Preoperative
	Intraoperative
	Postoperative


	HIV INFECTION AND AIDS
	Signs and Symptoms
	Diagnosis
	HIV Infection Clinical Continuum
	Cardiac Manifestations
	Central and Peripheral Nervous System Manifestations
	Pulmonary Manifestations
	Endocrine Manifestations
	Hematologic Manifestations
	Renal Manifestations

	Treatment
	Prognosis
	Management of Anesthesia
	Preoperative
	Intraoperative
	Postoperative


	EBOLA VIRUS DISEASE
	Incidence
	Infection Control
	Treatment

	KEY POINTS
	RESOURCES

	27 - Diseases Related to Immune System Dysfunction
	INADEQUATE INNATE IMMUNITY
	Neutropenia
	Neutropenia in Pediatric Patients
	Neutropenia in Adults

	Abnormalities of Phagocytosis
	Management of Patients With Neutropenia or Abnormalities of Phagocytosis
	Deficiencies in Components of the Complement System
	Hyposplenism

	EXCESSIVE INNATE IMMUNITY
	Neutrophilia
	Monocytosis
	Asthma

	MISDIRECTED INNATE IMMUNITY
	Angioedema
	Management of Anesthesia


	INADEQUATE ADAPTIVE IMMUNITY
	Defects of Antibody Production
	Defects of T Lymphocytes
	Combined Immune System Defects

	EXCESSIVE ADAPTIVE IMMUNITY
	Allergic Reactions
	Anaphylaxis
	Diagnosis
	Treatment

	Drug Allergy
	Epidemiology
	Allergic Drug Reactions During the Perioperative Period
	Muscle Relaxants
	Antibiotics
	Latex
	Hypnotics
	Opioids
	Local Anesthetics
	Volatile Anesthetics
	Aspirin and Other NSAIDs
	Radiocontrast Media
	Dyes
	Chlorhexidine
	Protamine
	Blood and Blood Products
	Synthetic Volume Expanders
	Other Drugs


	Eosinophilia

	MISDIRECTED ADAPTIVE IMMUNITY
	Autoimmune Disorders

	ANESTHESIA AND IMMUNOCOMPETENCE
	Transfusion-Related Immunomodulation
	Neuroendocrine Stress Response
	Effects of Anesthetics on Immune Response

	KEY POINTS
	RESOURCES

	28 - Cancer
	MECHANISM
	DIAGNOSIS
	TREATMENT
	Traditional Chemotherapy
	Targeted Chemotherapy
	Radiation Therapy
	Ablation Therapy
	Adverse Effects of Cancer Treatment
	Cardiovascular System
	Respiratory System
	Renal System
	Hepatic System
	Airway and Oral Cavity
	Gastrointestinal System
	Endocrine System
	Hematologic System
	Nervous System

	Tumor Lysis Syndrome

	CANCER IMMUNOLOGY
	Diagnosis
	Immunomodulators
	Cancer Vaccines

	PARANEOPLASTIC SYNDROMES
	Fever and Cachexia
	Neurologic Abnormalities
	Endocrine Abnormalities
	SIADH
	Hypercalcemia
	Cushing Syndrome
	Hypoglycemia

	Renal Abnormalities
	Dermatologic and Rheumatologic Abnormalities
	Hematologic Abnormalities

	LOCAL EFFECTS OF CANCER AND METASTASES
	Superior Vena Cava Syndrome/Superior Mediastinal Syndrome
	Spinal Cord Compression
	Increased Intracranial Pressure

	CANCER PAIN
	Pathophysiology
	Drug Therapy
	Neuraxial Analgesia
	Neurolytic Procedures

	MANAGEMENT OF ANESTHESIA
	COMMON CANCERS ENCOUNTERED IN CLINICAL PRACTICE
	Lung Cancer
	Etiology
	Signs and Symptoms
	Histologic Subtypes
	Diagnosis
	Treatment
	Management of Anesthesia

	Colorectal Cancer
	Etiology
	Diagnosis
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Prostate Cancer
	Diagnosis
	Treatment

	Breast Cancer
	Risk Factors
	Screening
	Prognosis
	Treatment
	Systemic Treatment
	Chemotherapy. Adjuvant chemotherapy is useful in patients with tumors larger than 0.5 cm, pathologically involved lymph nodes, a...

	Supportive Treatment

	Management of Anesthesia


	LESS COMMON CANCERS ENCOUNTERED IN CLINICAL PRACTICE
	Cardiac Tumors
	Head and Neck Cancers
	Thyroid Cancer
	Esophageal Cancer
	Gastric Cancer
	Liver Cancer
	Pancreatic Cancer
	Renal Cell Cancer
	Bladder Cancer
	Testicular Cancer
	Cervical and Uterine Cancer
	Ovarian Cancer
	Skin Cancer
	Bone Cancer
	Multiple Myeloma
	Osteosarcoma
	Ewing Sarcoma
	Chondrosarcoma


	LYMPHOMAS AND LEUKEMIAS
	Hodgkin Lymphoma
	Non-Hodgkin Lymphoma
	Leukemia
	Acute Lymphoblastic Leukemia
	Chronic Lymphocytic Leukemia
	Acute Myeloid Leukemia
	Chronic Myeloid Leukemia


	HEMATOPOIETIC STEM CELL TRANSPLANTATION
	Anesthesia for Bone Marrow Transplantation
	Complications of Bone Marrow Transplantation
	Graft-Versus-Host Disease
	Graft Rejection
	Pulmonary Complications
	Sinusoidal Obstruction Syndrome


	ANESTHESIA FOR UNIQUE CANCER PROCEDURES
	Proton Radiotherapy
	Hyperthermic Intraperitoneal Chemotherapy
	Isolated Limb Perfusion
	Photodynamic Therapy
	Robotic Surgery

	KEY POINTS
	RESOURCES

	29 - Psychiatric Disease, Substance Abuse, and Drug Overdose
	MOOD DISORDERS
	Depression
	Diagnosis
	Treatment
	Selective Serotonin Reuptake Inhibitors
	Serotonin Syndrome. Serotonin syndrome is a potentially life-threatening adverse drug reaction that may occur with therapeutic d...

	Monoamine Oxidase Inhibitors
	Management of Anesthesia. Anesthesia can be safely conducted in patients being treated with MAOIs despite earlier recommendation...
	Postoperative Care. Provision of analgesia during the postoperative period is influenced by the potential adverse interactions b...

	Nonpharmacologic Treatments of Depression
	Management of Anesthesia. Anesthesia for ECT must be brief, provide the ability to monitor and limit the physiologic effects of ...



	Bipolar Disorder
	Treatment
	Lithium
	Management of Anesthesia. Evidence of lithium toxicity is an important consideration during the preoperative evaluation. The mos...



	SCHIZOPHRENIA
	Treatment
	Management of Anesthesia

	Neuroleptic Malignant Syndrome

	ANXIETY DISORDERS
	EATING DISORDERS
	Anorexia Nervosa
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Bulimia Nervosa
	Signs and Symptoms
	Treatment

	Binge-Eating Disorder

	SUBSTANCE ABUSE
	Diagnosis
	Treatment
	Drugs of Abuse
	Alcohol
	Treatment
	Overdose
	Withdrawal Syndrome
	Cocaine
	Treatment
	Management of Anesthesia

	Opioids
	Overdose
	Withdrawal Syndrome
	Management of Anesthesia

	Barbiturates
	Overdose
	Withdrawal Syndrome

	Benzodiazepines
	Amphetamines
	Overdose
	Withdrawal Syndrome
	Management of Anesthesia

	Designer/Club Drugs
	Hallucinogens
	Overdose
	Management of Anesthesia

	Marijuana

	Substance Abuse as an Occupational Hazard in Anesthesiology
	Why Anesthesiologists?
	Demographic Characteristics of Anesthesiologists Who Abuse Drugs
	Most Frequently Abused Drugs
	Methods of Obtaining Drugs for Abuse
	Signs and Symptoms of Addictive Behavior
	Associated Risks of Physician Drug Addiction
	Physician

	Process for Dealing With Suspected Substance Abuse
	Reporting and Intervention
	Treatment


	DRUG OVERDOSE
	Acetaminophen Overdose

	POISONING
	Organophosphate Poisoning
	Carbon Monoxide Poisoning
	Pathophysiology
	Signs and Symptoms
	Diagnosis
	Treatment


	KEY POINTS
	RESOURCES

	30 - Pediatric Diseases
	UNIQUE CONSIDERATIONS IN PEDIATRIC PATIENTS
	Anesthesia-Induced Developmental Neurotoxicity
	Anxiety
	Anatomy and Physiology
	Body Size and Thermoregulation
	Central Nervous System
	Airway
	Respiratory System
	Cardiovascular System
	Fluids and Renal Physiology
	Hepatic System
	Hematologic System

	Pharmacology
	Anesthetic Requirements
	Pharmacokinetics

	Pediatric Cardiac Arrest During Anesthesia
	Causes of Cardiac Arrest
	Management


	THE PRETERM NEWBORN
	Definition
	Respiratory Distress Syndrome
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Bronchopulmonary Dysplasia
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Laryngomalacia and Bronchomalacia
	Retinopathy of Prematurity
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Apnea of Prematurity
	Signs and Symptoms
	Treatment

	Postanesthetic Apnea
	Hypoglycemia
	Signs and Symptoms
	Treatment

	Hypocalcemia
	Signs and Symptoms
	Treatment


	SURGICAL DISEASES OF THE NEWBORN
	Congenital Diaphragmatic Hernia
	Signs and Symptoms
	Treatment
	Management of Anesthesia
	Postoperative Management

	Esophageal Atresia and Tracheoesophageal Fistula
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Omphalocele and Gastroschisis
	Signs and Symptoms
	Omphalocele
	Gastroschisis

	Treatment
	Management of Anesthesia

	Hirschsprung Disease
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Anorectal Anomalies
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Infantile Hypertrophic Pyloric Stenosis
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Necrotizing Enterocolitis
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Biliary Atresia
	Signs and Symptoms
	Treatment
	Management of Anesthesia


	CENTRAL NERVOUS SYSTEM DISORDERS
	Cerebral Palsy
	Signs and Symptoms
	Management of Anesthesia

	Hydrocephalus
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Spina Bifida
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Craniosynostosis
	Signs and Symptoms
	Treatment
	Management of Anesthesia


	CRANIOFACIAL ANOMALIES
	Cleft Lip and Palate
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Mandibular Hypoplasia
	Pierre-Robin Sequence
	Hemifacial Microsomia
	Treacher Collins Syndrome
	Management of Anesthesia

	Midface Hypoplasia
	Apert Syndrome
	Crouzon Syndrome
	Management of Anesthesia


	UPPER AIRWAY DISORDERS
	Acute Epiglottitis (Supraglottitis)
	Signs and Symptoms
	Management of Anesthesia

	Croup (Laryngotracheitis/Laryngotracheobronchitis)
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Postintubation Laryngeal Edema
	Signs and Symptoms
	Management of Anesthesia

	Subglottic Stenosis
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Foreign Body Aspiration
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Laryngeal Papillomatosis
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Adenotonsillar Hypertrophy/Sleep-Disordered Breathing
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Upper Respiratory Tract Infection
	Management of Anesthesia


	GENITOURINARY DISORDERS
	Vesicoureteral Reflux
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Cryptorchidism
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Hypospadias

	ORTHOPEDIC/MUSCULOSKELETAL DISORDERS
	Clubfoot (Talipes Equinovarus)
	Signs and Symptoms
	Management of Anesthesia

	Slipped Capital Femoral Epiphysis
	Signs and Symptoms
	Management of Anesthesia


	CHILDHOOD MALIGNANCIES
	Wilms Tumor
	Signs and Symptoms
	Management of Anesthesia

	Hepatoblastoma
	Signs and Symptoms
	Management of Anesthesia

	Neuroblastoma
	Signs and Symptoms
	Management of Anesthesia

	Ewing Sarcoma
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Tumors of the Central Nervous System
	Signs and Symptoms
	Astrocytomas
	Medulloblastomas
	Ependymomas
	Craniopharyngiomas



	DOWN SYNDROME (TRISOMY 21)
	Signs and Symptoms
	Management of Anesthesia

	MALIGNANT HYPERTHERMIA
	Pathogenesis
	Signs and Symptoms
	Anesthesia-Induced Rhabdomyolysis

	Treatment
	Management of Anesthesia

	KEY POINTS
	RESOURCES

	31 - Pregnancy-Associated Diseases
	PHYSIOLOGIC CHANGES ASSOCIATED WITH PREGNANCY
	Cardiovascular System
	Respiratory System
	Hematologic System
	Gastrointestinal System
	Endocrine System
	Other Changes

	ANESTHETIC CONSIDERATIONS
	Nonobstetric Surgery
	Obstetric Anesthesia Care
	Regional Analgesic Techniques
	Lumbar Epidural Analgesia
	Combined Spinal-Epidural Analgesia
	Anesthesia for Cesarean Delivery


	HYPERTENSIVE DISORDERS OF PREGNANCY
	Gestational Hypertension
	Preeclampsia
	Pathophysiology
	Treatment
	Management of Anesthesia
	Labor Analgesia
	Spinal Anesthesia. Spinal anesthesia is the anesthetic of choice for patients with preeclampsia, unless it is contraindicated be...
	General Anesthesia. Not only are patients with preeclampsia subject to the common risks of general anesthesia during pregnancy, ...



	HELLP Syndrome
	Signs and Symptoms
	Treatment
	Management of Anesthesia

	Eclampsia
	Signs and Symptoms
	Management of Anesthesia


	OBSTETRIC CONDITIONS AND COMPLICATIONS
	Obstetric Hemorrhage
	Placenta Previa
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia
	Preoperative. Mild to moderate blood loss is well tolerated by the patient and thus may result in underestimation of bleeding by...
	Intraoperative. Parturient patients with complete or partial placenta previa will be delivered by cesarean section. Anesthetic m...


	Placenta Accreta
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Preoperative. Significant hemorrhage should be anticipated, and thus at least two large-bore IV catheters should be placed. Inse...
	Intraoperative. A cesarean hysterectomy can be performed successfully under neuraxial anesthesia. If any of the parties involved...


	Placenta Abruption
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia

	Postpartum Hemorrhage
	Uterine Atony
	Retained Placenta


	Uterine Rupture
	Signs and Symptoms
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia

	Trial of Labor After Cesarean Delivery
	Management of Anesthesia

	Amniotic Fluid Embolism
	Signs and Symptoms
	Pathophysiology
	Diagnosis
	Treatment

	Abnormal Presentations and Multiple Births
	Breech Presentation
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia

	Multiple Gestations
	Treatment
	Prognosis
	Preoperative. The physiologic changes associated with pregnancy may be exaggerated with multiple gestations. The larger size of ...
	Intraoperative. Epidural analgesia is preferred for labor analgesia because it will facilitate instrumented vaginal delivery or ...




	CO-EXISTING MEDICAL CONDITIONS
	Heart Disease
	Cardiomyopathy of Pregnancy
	Diagnosis
	Treatment
	Prognosis
	Management of Anesthesia


	Diabetes Mellitus
	Diagnosis
	Treatment
	Management of Anesthesia
	Preoperative
	Intraoperative


	Myasthenia Gravis
	Maternal Obesity
	Prognosis
	Management of Anesthesia
	Preanesthetic
	Local Analgesia
	Cesarean Delivery


	Advanced Maternal Age
	Management of Anesthesia

	Substance Abuse
	Diagnosis
	Alcohol Abuse
	Signs and Symptoms
	Management of Anesthesia

	Tobacco Abuse
	Signs and Symptoms
	Management of Anesthesia

	Opioid Abuse
	Management of Anesthesia

	Cocaine Abuse
	Signs and Symptoms
	Diagnosis
	Preoperative. Evaluation of parturient patients suspected of cocaine abuse includes electrocardiography and possibly echocardiog...
	Intraoperative. Cocaine-induced thrombocytopenia must be excluded if regional anesthesia is planned. Epidural anesthesia is inst...




	FETAL ASSESSMENT AND NEONATAL PROBLEMS
	Electronic Fetal Monitoring
	Baseline Heart Rate
	Beat-to-Beat Variability
	Accelerations
	Decelerations
	Early Decelerations
	Late Decelerations
	Variable Decelerations
	Prolonged Decelerations

	Sinusoidal Pattern
	Three-Tiered Classification of Fetal Heart Rate Tracings
	Fetal Scalp Sampling
	Fetal Pulse Oximetry
	Ultrasonography

	Evaluation of the Neonate
	Period Immediately After Birth
	Hypovolemia
	Hypoglycemia
	Meconium Aspiration
	Choanal Stenosis and Atresia
	Diaphragmatic Hernia
	Tracheoesophageal Fistula
	Laryngeal Anomalies



	KEY POINTS
	RESOURCES

	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Z

	IBC

